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Foreword

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

The 25th International Conference on Human-Computer Interaction, HCI Interna-
tional 2023 (HCII 2023), was held in the emerging post-pandemic era as a ‘hybrid’ event
at the AC Bella Sky Hotel and Bella Center, Copenhagen, Denmark, during July 23–28,
2023. It incorporated the 21 thematic areas and affiliated conferences listed below.

A total of 7472 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1578 papers and
396 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 2023 - Late Breaking Work - 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 2023 - Late Breaking Work - Posters’
volumes to be published in the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution towards
the high scientific quality and overall success of the HCI International 2023 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 2023 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 15th 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 service and product design for the promo-
tion of cultural heritage and local culture. Furthermore, a considerable number of papers
explore the differences in cultural perceptions of technology across various contexts.
Design for social change and development constitutes one of the topics that emerged
this year, examining the impact of technology on society, for vulnerable groups, for
shaping values, and in promoting social movements and folk beliefs. Another growing
topic is that of sustainable design, which delves into methodologies, cultural branding,
and design for sustainability in various areas such as travel, transportation and mobility,
climate change and urban public spaces. Emerging technologies, future-focused design
and design of automated and intelligent systems are also prominent themes, explor-
ing culturally informed innovative design methodologies, User Experience aspects and
user acceptance angles, as well as evaluation studies and their findings. Furthermore,
papers emphasized the design of technological innovations in domains of social impact
such as arts and creative industries, cultural heritage, immersive and inclusive learning
environments, and health and wellness.

Three volumes of the HCII 2023 proceedings are dedicated to this year’s edition of
the CCD Conference:

• Part I addresses topics related to service and product design for cultural innovation,
design for social change and development, sustainable design methods and practices,
and cross-cultural perspectives on design and consumer behavior.

• Part II addresses topics related to User Experience design in emerging technologies,
future-focused design, and culturally informed design of automated and intelligent
systems.

• Part III addresses topics related to cross-cultural design in arts and creative industries,
in cultural heritage, and in immersive and inclusive learning environments, as well
as cross-cultural health and wellness design.



xiv Preface

Papers in these volumes were included 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 2023 Pei-Luen Patrick Rau
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HCI International 2024 Conference

The 26th International Conference on Human-Computer Interaction, HCI International
2024, will be held jointly with the affiliated conferences at the Washington Hilton
Hotel, Washington, DC, USA, June 29 – July 4, 2024. It will cover a broad
spectrum of themes related to Human-Computer Interaction, including theoretical
issues, methods, tools, processes, and case studies in HCI design, as well as novel
interaction techniques, interfaces, and applications. The proceedings will be published
by Springer. More information will be made available on the conference website:
http://2024.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2024.org

https://2024.hci.international/
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Abstract. With the rapid development of modern society, traditional handicrafts
are gradually replaced by new products of technology.With the rise of the national
trend, it has become an important cultural proposition to recreate the culture of
lacquer art through the art of momentum. The paper fan, which can be seen every-
where in life, is often used as one of the design vehicles for cultural and creative
products, which can be both communicative and practical. As a new expression of
the lacquer language, the lacquer bleaching technique integrates traditional lac-
quer techniques while retaining the creativity of modern lacquer art. This study
uses literature analysis and questionnaire survey as the main research methods.
First, we collate the development value of lacquer art through literature collection,
and integrate the fan and lacquer art into a symbiosis. We hope that the develop-
ment of cultural and creative industries will also allow traditional lacquer art to
be passed on in a new way.

Keywords: Lacquer Art · Cultural and Creative Goods · Emotional Awareness

1 Introduction

1.1 Research Background

The history of lacquer art is a history of material-related development, while lacquer
painting has developed alongside lacquerware and has only recently become a newgenre
of painting in its own right. Traditional lacquer painting focusesmore on the expression of
craftsmanship, unlike modern lacquer painting, which focuses on conceptual expression
[1]. Cross-border, diversified, fusion, symbolic, abstract, and composition are the trends
in the development of lacquer art, and as a new expression of lacquer language, the
technique of bleaching lacquer has integrated traditional lacquer techniques and provided
new creative possibilities for the development of lacquer art. Traditional art needs to be
preserved and developed in a creative way, and modern elements need to be added
to attract the attention of the public. In many contemporary creative arts, artists often
use the concept of conception to design the development of the birth of their works.
In the creation of the traditional craft integration in the modern cultural and creative
industry, not only can inject a rich cultural connotation into contemporary fashion, but
also provide an important basis andmomentum for the promotion of cultural and creative
design industry.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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Therefore, through the application of lacquer art techniques in the fan culture and
creative industry, this study aims to understand the color preferences of consumers,
promote cultural diversity, draw out the essence, and integrate design innovation and
cultural innovation, so that traditional lacquer art can be integrated into contemporary
culture and creative design.

1.2 Motivation and Purpose of the Study

The study aims to collect and collate relevant literature on lacquer art, to understand the
differences between traditional and contemporary lacquer art, and the cultural value of
contemporary lacquer art, to apply the emotional design of the mother lacquer to the
floating lacquer fan, to understand consumers’ emotional perceptions when purchasing
cultural and creative goods, and to promote the development of cultural and creative
industries.

Through this study, we hope to integrate contemporary lacquer art into cultural and
creative design, so that lacquer art can be better passed on and promoted in modern
society.

2 Literature Review

2.1 Cultural Value of Lacquer Art

In the Neolithic era, our ancestors discovered a liquid that could secrete high viscosity
and corrosion resistance. When people used lacquer, a natural liquid, to paint objects,
they gradually discovered its decorative effect on objects, and through the pursuit of
art, the accumulation of experience, the refinement of techniques, and the use of the
characteristics of pigments such as bonding and painting, a special craft and technique
called “lacquer art” was formed [2]. Lacquer art is the craft of lacquer. In a broad sense,
when it comes to lacquer, it can be classified as lacquer art. The technique of lacquer
bleaching began in the 1990s by Fuzhou lacquer artist Mr. Zhi-Qing, L., The drifting
lacquer art skillfully blends its randomness with the technical skills of lacquer painting.
Through different techniques, lacquer art reveals different painting languages and values,
and at the same time, the form of lacquer painting’s linguistic expression is constantly
being innovated, and “floating lacquer” is a modern representation technique developed
from traditional lacquer art techniques.

With the development of society, contemporary art interventions have expanded
the circle of traditional lacquer art to include traditional lacquer ware, modern lacquer
paintings, contemporary lacquer sculptures, and lacquer installations, among other arts
associated with lacquer. Li (2021) argues that “we can distinguish the period of lacquer
art works by their expression and characteristics because they were created in a time
when the cultural context and techniques corresponded to them. Especially in the con-
temporary era, the application of decorative and rich expressions in lacquer art creations
has nearly overturned people’s perception of the traditional lacquer art textural expres-
sions before them. Contemporary lacquer art has undergone radical changes from form
to technique, from materials to tools, and from consciousness to form. Contemporary



A Study on the Emotional Awareness 5

lacquer art is composed of three parts: lacquer ware, lacquer painting and lacquer sculp-
ture, breaking the traditional concept of lacquer ware as a unified world. It straddles two
fields: decorative art and pure art. Compared with metal, glass and ceramics, lacquer is a
material given life by human beings, but lacquer itself is taken from natural tree lacquer
and is alive. During the process of production, it shows different beauty depending on the
environment, weather, temperature and technique, and it is a sustainable and eco-friendly
material. Meng Wu. [3] believes that lacquer art is a treasure of Chinese culture, and its
integration with modern diversified design can not only produce new design ideas, but
also effectively convey the cultural connotation of lacquer art, which can satisfy people
both materially and spiritually, thus enhancing people’s sense of identity with lacquer art
culture. The works of each era have traces of the corresponding era, and this is especially
true for contemporary lacquer works, which, while pursuing aesthetic expression, show
more of the creator’s personality and characteristics, and the development of lacquer art
has gradually transformed from the traditional figurative functionality to the decorative
nature of contemporary aesthetics.

2.2 Emotional Awareness of Cultural and Creative Goods

In art theory, it is often said that “art comes from life and is higher than life”. “Emotional
cognition” is the essence and life of art, which requires the artist to have his own unique
personality and aesthetic vision, and to consciously feel the beauty and emotion from
life. Similarly, emotional cognition is also an essential intrinsic characteristic of artists
in painting creation. If the object conveyed in lacquer art lacks the emotion of the creator,
it will lack artistic infectiousness, and only works that move the heart can cause rational
thinking of aesthetic beauty and promote the emotional value of consumers in purchasing
cultural and creative goods [4]. The commonly recognized theory of product emotional
design is Donald Arthur Norman’s three-level theory of emotion (Fig. 1) [5], namely the
instinctive layer, the behavioral layer, and the reflective layer. The instinctive layer is the
brain’s emotional response to the product, which is expressed as the influence of visual
factors on people, specifically the shape, color, material and texture of the product. The
behavior layer is mainly the feelings of people in the process of use, mainly expressed as
the satisfaction and pleasant experience of product function, specifically the efficiency
and pleasure of product use. The final product rises to the reflective layer, is the highest
stage of emotional design, specific performance can be expected of the product with
social attributes, cultural connotations, etc.. The realization of the emotional design of
the product is a multi-layered and complex process of interaction between the various
levels, not only with the physical level, but also the spiritual level of design. In the
contemporary lacquer fan applied to the emotional awareness of cultural and creative
products, the first thing consumers will see is to see its shape, color, material and texture
on the favorite visual experience, when consumers become interested in the product
will consider the convenience of the use of lacquer fan and functional value of the
behavioral layer, and finally from the lacquer fan to feel the temperature of the lacquer
art craftsmanship of the inner spiritual level of reflection layer design.
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Fig. 1. Donald a. Norman emotional three-level theory

2.3 Emotional Design Factors in Cultural and Creative Goods

Commodity styling design includes three major elements: form, color, and texture, each
of which is closely related to the emotion of the product [6]. When providing products to
customers, we clearly understand that products need to have a perfect blend of practical-
ity, ease of use, and aesthetics, and on top of that, more emotional elements are needed
to stimulate customers’ emotions [7]. The specific performance of emotional elements
of cultural and creative goods can be divided into two major categories: external emo-
tional elements and internal emotional elements [8]. The external emotional elements of
products include semantic, color, and material elements to promote communication with
consumers (Fig. 2). Attractive color can strengthen the product to promote consump-
tion; the material of the product can enrich the texture of the product itself to promote
the aesthetic economy, thus achieving the effect of gilding the lily. The appearance of
the commodity is the skeleton of the product modeling design, then the brand culture
of the product, social culture, etc. This is the soul of the product modeling design [9].
The appearance of the product shape is the skeleton of the product, brand culture and
social culture is the inner emotional soul. Designers convey culture to consumers through
goods, and promote the value of cultural and creative industries while purchasing. The
sense of belonging to the product better reflects a sense of spiritual solace. Designers
find elements in the corresponding design that match the consumer’s sense of value.
Among the people with purchasing power, they are free to choose products according to
their own interests and personalities, and such may reflect the identity, taste, and pursuit
of consumers. Such products are mostly characterized by simple and generous shapes,
and at the same time, the brand culture can be found to fit in the shape. This study uses
the shape and functionality of the doughnut fan to give the value of traditional lacquer
art cultural connotation in the form to meet the function of the This study uses the shape
and functionality of the doughnut fan to give the value of traditional lacquer art culture to
the product, while satisfying the function of the form, and to compare and associate the
form with the specific environment, so that we can understand the needs of consumers
and promote communication.
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Fig. 2. Desmet product emotional model

3 Research Methods and Procedures

3.1 Research Methodology and Framework

This study uses literature analysis and questionnaire survey as the research method.
Firstly, the literature on the historical origin of lacquer bleaching technique, cultural
value and emotional cognition of cultural and creative commodities was sorted out, com-
munication theory analysis was conducted by 10 samples of lacquer bleaching dough
fans (Fig. 3), and cognitive model questionnaire was designed. In the process of quan-
titative research, a multi-dimensional questionnaire survey was conducted for different
consumer groups on three levels: color modeling, perception cognition, and emotional
feelings of lacquer fans, and the related results were analyzed to draw conclusions and
recommendations.

In the product emotion model discussed by Dutch scholar Desmet, the process
of product emotion generation is explained from a cognitive perspective. The model
includes three levels of variables that influence emotion generation: product, product
evaluation, and attention. The “product” is the external stimulus for emotion generation
and is the emotional object of the product; the second level is the automatic subjective
perceptual evaluation of whether the product is relevant to personal interests; and the
third level is the reference hidden behind the product evaluation. In 2015, Lin, R. T.
explored the reader’s cognitive model in depth. Therefore, his cognitive model of “turn-
ing poetry into painting” is used as a model case reference in this study [10]. In many
contemporary creative arts, artists often use the concept of “maternal fetus” to concep-
tualize and reflect on the development of the birth of their works. In this study, samples
were selected under the theme of “mother fetus to lacquer art” to integrate emotions
into the design of lacquer fans, hoping to pass on the traditional lacquer culture while
injecting a new soul into cultural and creative design.
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Fig. 3. Lacquered fan propagation cognitive model

3.2 Data Analysis Process

In many contemporary creative arts, artists often use the concept of “mother-born” to
think about the birth and development of their works, and natural lacquer itself is a
kind of life, and “detachment” is a form of lacquer art creation. In this study, the main
viewpoint is applied from the attributes of cultural and creative transformation product
design proposed by Xu and Lin [11], which is summarized and integrated in this study to
form the framework of cultural and creative product design (Fig. 4), from the conception
level of the mother fetus, the rhythm level and the connotation level to the color and
shape, perception and cognition, and emotional feeling of the lacquer fan, and from
the expression of creation, creative concept and creative result to the design of the
fan. In addition, we decoded consumers’ emotional awareness of purchasing from the
perspectives of cultural creativity, joyful consumption, and how to drive the aesthetic
economy in the creative expression, creation concept, and creation results. These nine key
words were used as the key words for the subsequent questionnaire survey of consumers,
in the hope of integrating emotions into the design of lacquer fans, so that the traditional
lacquer art culture can be passed on and the cultural and creative design can be given a
new soul.
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Fig. 4. Data analysis process of urban imagery poster sentiment study

4 Research Results and Analysis

In this study, 10 lacquer fans of five different shapes and colors were used as sample
elements (Table 1). 9 questions were designed for each of the 10 lacquer fan sample
elements based on: technical, semantic, and effect levels, and rated on a 5-point scale.

Table 1. 10 samples of lacquer fan
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A total of 135 valid questionnaires were collected through social networks, and were
imported into SPSS for multiple data analysis. Table 2 shows the average scores of the
10 lacquer fans in the nine attribute ratings. It was found that among the ten fans, four
of them were “different”, giving a commonality of feeling, each different from the other
but each similar. When the abstract curves of the fan surface were more pronounced,
people had a deeper feeling of “vibrancy” and more saturated colors gave people a first
impression of “colorful”. Compared to other adjectives, the fan surface of p7, which is
closer to the fresh and elegant colors of ink and wash, is more appealing to people, as
the collision of colors with appropriate white space on the fan surface will give people a
transforming impression. The 10 works do not differ much in terms of craft techniques
and practicality.

Table 2. Average score of 10 pieces of lacquer fan properties

After inputting the data inTable 2 into theMDSmultivariate analysis, themultivariate
structure of cognitive differences was presented, as shown in the Fig. 5 below, where
P1–P10 are the 10, F1–F9 are the 9 attributes, and the 10 posters are divided into four
vectors. From the figure, it can be seen that P5 has the best performance in colorful, P7
and P9 have better performance in artisanal, ingenious and pushing the boundaries, p6
has good performance in the remaining attributes, while P1, P4, P8 and P10, on average,
do not have too significant differences in performance comparison.

Among the 10 samples of lacquer fans studied, P7 was the one with the best perfor-
mance in terms of shape, color and cognitive feeling, and it also had the highest rating
among the survey results. 78% of the consumers in the survey thought that seeing this
lacquer fan would bring good feelings, 65% of them were attracted by it, and 67% of
them would recommend it to their friends and relatives when they saw this cultural and
creative product, and more than 72% of them More than 72% of consumers think that
the cultural and creative goods that incorporate lacquer art into the fan are innovative
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Fig. 5. MDS Analysis of Spatial Structure

and developable. After analyzing the data, we found that there was not much variation
in the color and shape of the 10 samples, but more of a preference of people. It also
provides new thoughts and references for future creative research.

5 Results and Discussion

This study, using literature analysis and questionnaire, is a cognitive study of the
attributes of city posters based on cognitive models, through literature exploration and
cognitive theory, we first conducted a case study on the design differences of city posters,
constructed six attribute rating models, analyzed the variability of respondents’ ratings
after viewing these posters and the visual defects of the posters, and finally investigated
through questionnaires which individual of these attributes can enhance the perception
and identity of the city where they are located, and the following are the results of the
study.

This study uses literature analysis and questionnaire survey as the main research
method, based on the cognitive model to study the attribute cognition of lacquer art into
the fan, firstly, through literature collection and expert scholars’ cognitive theory as the
basis, the development value of lacquer art is organized, and then through questionnaire
to understand the emotional motivation of consumers to purchase this lacquer fan, from
the perspective of three levels of lacquer fan’s color shape, perceptual cognition and
emotional feeling, and constructs A five-point scale rating model was constructed for
nine attributes, and finally, a questionnaire survey was conducted to understand whether
it is feasible to integrate lacquer art into the new vehicle of communication with fans
that can be seen anywhere in life.

Based on the analysis of the literature and the questionnaire survey, it can be under-
stood that the development of contemporary lacquer art has cultural value. Contemporary
lacquer fans are generally considered as cultural and creative goods that can bring good
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feelings and are practical and fashionable. More than 68% of consumers believe that
when they see a lacquer fan, they will share it with their friends and relatives. Therefore,
when the lacquer technique is applied to a fan, it has a propaganda and dissemination
effect, which can make the lacquer art known and understood by more people and pro-
mote the development of cultural and creative goods. Therefore, this study concludes
that there are many contemporary vehicles that can help transform traditional lacquer
art, and as a new technique of lacquer, more attempts can be made in the future, and the
development of cultural and creative industries can also enable traditional lacquer art to
be passed on and promoted in a new way.
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Abstract. Although creating AI-generated art is still a process of trial and error,
the future of AI painting is unstoppable. For exploring the differences in the
aesthetic perceptions of the general audience towards the popular NFT avatars,
this study investigated the popular avatars on the Opensea platform and collated
the four major NFT avatars (PFPs) and their corresponding 12 aesthetic attributes
through this study. The results show that although most of the audience are not
familiar with NFT avatars, most of them agree with their expectations on the
aesthetic attributes of NFT avatars, and that NFT avatars are only a change in
form compared to traditional artworks, but the aesthetics of the art itself remains
unchanged. The results of this study provide a new insight to the design of the
visual style of the NFT avatars, or the aesthetic perceptions of the audience and
the preference factors for their work.

Keywords: NFT Avatars · Aesthetic attributes · Perceptual difference

1 Introduction

In recent years, NFT (Non-Fungible Token) has grown stronger and stronger. The vir-
tualization of art, or the combination of art and AI, is one of the future trends. Gareth
Jenkinson [1] released a report on 14 July stating that the NFTmarket will reach US$231
billion by 2030, according to Verified Market Research (VMR), a global research and
advisory firm. At the same time, A variety of famous fashion brands and celebrities have
collaborated with the NFT artist team to produce co-branded products and enjoy the
dividends of the times. Although creating AI-generated art is still a process of trial and
error, the future of AI painting is unstoppable.

NFT avatars, or NFT profile pictures (PFPs), are usually images of a character, often
above the chest, and are often used as digital profile pictures. The low barrier of access
to the NFT trading platform has led to the growth of a large pool of creators, resulting
in a rich diversity of styles and derivatives of NFT avatars. The low barrier of access to
the NFT trading platform has led to the growth of a large pool of creators, resulting in
a rich diversity of NFT avatar styles and derivative values. The NFT avatar is a high-
tech product of the future metaverse and a major experiment in artificial intelligence
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technology. With the explosion of NFT art, it has also led to an in-depth discussion in
the academic field. However, there is a lack of research on the visual aesthetics and
cognitive differences of NFT avatars. Will the aesthetics of popular NFT avatars be
recognized by the general audience? This is an issue worth discussing.

The results of the study provide an important reference for the design of the visual
style of the NFT avatars, the viewer’s aesthetic perception of their works and the
preference factors. Two research questions raised in this study:

1. To study the cognitive process of the aesthetic experience of NFT avatars, which is
the decoding process of the viewer’s aesthetic experience.

2. To investigate the differences in the recognition of the aesthetic qualities of various
NFT avatars and the aesthetic orientation of the general viewers on both sides of the
Taiwan Strait.

2 Theoretical Background and Literature Review

2.1 Style Features of NFT Avatars (PFPs)

Artistic style is one of the most important indicators of cognitive differences in artworks.
Stylistic perception is closely related to the aesthetic characteristics of a work of art. In
a study by Lakoff and Johnson [2], it was argued that categorization in psychology is a
way of identifying an object or trait by strengthening some traits, reducing others, and
hiding more of them, so that style is more likely to be recognized if the artwork has more
of them. Regardless of the changing times, the study of the stylistic characteristics of
artworks requires an understanding of the expressive techniques and compositional ele-
ments of the works themselves, as well as familiarity with the types and characteristics
of artistic styles. The study explores how “artistic creation” is perceived, involving the-
ories related to semantic cognition, communication theory, and mental models; through
the application of “cognitive engineering”, the study explores how the art created by
artificial intelligence allows the audience to enjoy the emotional experience of art in
the field of sensual technology, appreciate the sensual creative content, and achieve the
recognition of “artistic creation” by artificial intelligence [3].

In the visual arts, style is a distinctive manner that permits the grouping of works into
related categories [4], and it refers to similar critical features for recognition, such as
characteristic subject matter or materials, distinctive ways of drawing or applying paints,
preferences for specific color combinations, brushstrokes, distortion, and exaggeration.
The perception of visual art is a complex performed by the brain to perceive different
elements’ features in the painting [5, 6]. The various painting attributes, such as colors,
shapes, and boundaries, are selectively redistributed to the brain for processing [7].

Free frommeta-universe identities or technical aura, the aesthetics ofNFT avatars are
essentially based on the elements of artistic creation, namely color, shape, composition,
and texture. There is no doubt that the style ofNFT avatars is closely related to the current
art market preferences and the technological influences of the times. Most of the NFT
avatars currently exist as digital illustrations, either in the form of artificial intelligence
(AI) paintings, digital screen paintings, or partially in the form of traditional paintings.
The digitalization of illustration has brought a rich variety of artistic styles and visual
expressions to the NFT world, but at the same time, the birth of digital AI platform
painting has brought unprecedented market impact and pressure on traditional painting.
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2.2 Aesthetic Experience of Artwork

The aesthetic design and experience behind a successful art product is essential to its suc-
cess. According to Holbrook [8], aesthetic perception is initially a perceptual influence
of the human brain on the design of a product. According to neurological research, this
is because a key area of the brain, the ventral prefrontal cortex (the area that processes
pleasure and reward), is enhanced by aesthetic messages, and visual stimuli with a high
degree of aesthetics are rewarded at the brain level with higher associated values than
ugly visual stimuli [9, 10].

The viewer enjoys aesthetic works because beauty itself provides an immediate
experience of pleasure, a process that occurs naturally [11, 12]. In relation to aesthetic
judgements of works of art, Immanuel Kant (1724–1804) refers to the analysis of aes-
thetic judgements in terms of quality, quantity, relationship, and manner in the ‘Analysis
of Beauty’ chapter of the Critique of Judgement. In the plastic arts, texture generally
refers to the artist’s perception of different objects using different techniques. Scholars
Fang [13] have reorganized and redefined the sense of beauty, dividing it into three
aspects: beauty of image, beauty of imagery and beauty of intention.

The aesthetic experience of the NFT avatars is a fusion of the aesthetics of the times
and the beauty of the blockchain technology, as well as the aesthetic embodiment of the
artist and the appreciator. In addition, from a communication point of view, the aesthetic
experience of the NFT avatars is inseparable from the communication, which needs to
satisfy three aspects: the technical, the semantic and the effect level. The difference in the
aesthetic perception of the NFT avatars comes from the viewer’s aesthetic experience
of it. The NFT artist transforms the creative concept and stylistic approach to form
an aesthetic imagery to express the artwork, and the viewers will have an emotional
exchange through the aesthetic experience of the NFT avatars. The audience decodes
the aesthetic experience, and as followers of the artist’s thoughts, how can they truly
understand the artist’s original intention of creation, through the connection of experience
and the touch of the beauty of image, imagery and idea on emotion, the process of their
perception is precisely the process of decoding, and the aesthetic feeling is born in
response to the desire of art [13]. The audience’s perception of the popular NFT avatars
is essentially an aesthetic experience of the artwork, and the resulting difference in
perception depends on whether the aesthetic expression and stylistic characteristics of
the artwork are preferred by the audience.

2.3 Viewer’s Cognitive Process of the Artwork

With the rapid development of technology in recent years, cognitive-related issues are
becoming a very important research topic in the field of human factors engineering
[14]. Cognitive engineering is closely aligned with the future development of artificial
intelligence. At the same time, the style of an artwork is recognized by the general
audience and is dependent on the cognitive process of the viewer. Baumberger [15]
points out that artworks have a cognitive function and that their cognitive function
partly determines their aesthetic value. Norman’s conceptualmodel, including the design
model, the user model, and the systemic impression, represents the artist model, the
listener model, and the artwork, respectively, and provides insight into the cognitive
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model of the viewer, i.e., the process of perceiving the external aesthetic and emotional
meaning of the artwork, helping the artist to use the familiar symbols of the listener to
create artworks with a common experiential mental model for evaluating artworks [16].

In terms of the programmatic school of communication theory [17], there are three
levels of communication that must be met for a successful ‘artistic creation’ to be com-
municated from the artist (the sender) creating the artwork (the message) to the audience
(the recipient): the first is the technical level, where the recipient can see, hear, touch,
and even feel the message. The first is the technical level, where the message is seen,
heard, felt, and even sensed by the recipient. The second is the semantic level, which
is how to make sure that the recipient understands the meaning of the message with-
out misinterpretation, misunderstanding or even ignorance, that is, how to make sure
that the reader understands the original meaning of the message. The third is the effect
level, how to get the receiver to take the right action according to the message’s original
meaning, that is, how to effectively influence the intended behavior [18]. Visualizing
and mental imagery are pictorial identifications of cognitive states, reflecting different
states of aesthetic activity of the listener [19]. For the listener, there are three key steps
to understanding the meaning of a work of art: recognition (attracting attention), aware-
ness (understanding and perception) and reflection (deep emotion). On the one hand, 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 [20]. On the other hand, artistic creation is an expression of the artist’s pur-
suit of beauty, which has the characteristics of experiencing ‘form’ with ‘content’ and
enriching ‘form’ with ‘content’, complementing each other. Therefore, exploring the
perception of ‘artistic creation’ from the perspective of the reader’s ‘decoding’ can help
to understand the mental journey of the artist’s creation [21].

Understanding the stylistic and cognitive process of NFT’s avatar works will not
only help to realize the decoding process between NFT artists’ artistic creation and
the audience, but also provide a cognitive research context for the development of AI
painting and a solid theoretical basis for subsequent experimental creation.

3 Materials and Methods

To investigate the difference in the general audience’s perception of the aesthetics of
NFT avatars, this study investigated the popular avatars on the Opensea platform.

3.1 Case Introduction

The case studies were sourced from the Opensea platform (the world’s largest NFT
trading platform) andwere prepared for the expert review and questionnaire by surveying
the top 30 popular NFT avatar artworks on Opensea. The following is an overview
of the Opensea platform, the source for NFT cases. Opensea is currently the world’s
largest NFT trading platform, bringing together mainstream NFT players and is also the
comprehensive and open trading platform of choice for beginners to get started. It has a
low threshold, good user experience, strong inclusiveness, and complete control of the
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Table 1. This study cases’ Introduction and Aesthetics attributes

Characteristics Aesthetics
attributes

NFT Avatar (PFP) Team Introduction 

Pixelated Composi-
tion

CrytoPunks 
#9998

CrytoPunks, one of the world's first 
NFTs, was released in June 2017 as a 
first-generation application on Ether 
and is widely regarded as the starting 
point of the modern 'crypto art' move-
ment.

Fantasy

Moobirds#2080 

Moonbirds is a set of 10,000 pixelated 
owl NFT items to be released on 16 
April 2022, Moonbirds will act as an 
avatar for the PROOF community, 
driving brand communication and 
attracting more mid-level players.

Fun

CrypToadz by 
Gremplin#6704 

CrypToadz by Gremlin is an avatar 
NFT (PFP) project consisting of 6969 
small pixelated frogs, conceived and 
created by the famous anonymous artist 
Evil King Gremlin at the saturation of 
the PFP and Punk derivative projects. 

Three-
dimensional 

Space

Meebits#17522

Meebits are 3D characters rendered in 
voxels, upgraded from large stickers to 
dynamic voxel figures, consisting of a 
variety of different elements commonly 
used in NFT collectibles. The project is 
due for release in May 2021.

Fashion

HapePrime 
#3980

HapePrime launches in January 2022, 
these 8192 HAPE NFTs are unique 
NFTs made by Digi mental Studios 
using 3D modelling techniques, and 
these 3D ape NFTs are cleverly de-
signed to incorporate many common 
street elements.

Science 
fiction

Clone X#4583 

Clone X is a collection of 20,000 algo-
rithmically generated 3D characters 
designed for metaverse interaction 
launched on the Ethereum blockchain. 
The project is due for release in No-
vember 2021.

(continued)
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Table 1. (continued)

Comic Comics

Bored Ape Yacht 
Clubs#5602

The Bored Ape Club, a 10K project 
launched in April 2021, has become the 
most expensive and influential series of 
NFT collectibles.

Japanese 
manga

Azuki#1468

Azuki, a 10k project launched in Janu-
ary 2022, has become one of the most 
successful projects in NFT thanks to its 
innovative Japanese manga style.

Weird

Goblintown.wtf 
#5948

A collection of 10,000 NFTs released 
in May 2022, depicting the various 
unpleasant animals one might encoun-
ter in Goblin Town. An ironic descrip-
tion and sigh of relief, the 'ugly' and 
'grotesque' allude to the current cold 
market conditions.

Simple Childish

Cool Cat#3995

Cool Cat is a 10k project launching in 
July 2021 and the creative team has 
created a utopian world with cool cats 
as the main characters in a lively and 
bright cartoon style.

Minimalist

Doodles#813 

Doodles NFT is a 10k project launch-
ing in October 2021, based primarily 
on the work of Burnt Toast, and Doo-
dles intends to create a collaborative 
ecosystem that spreads happiness and 
creativity.

Casual

Mfers#6704 

Mfers is a well-known NFT project in 
Web3, with a total of 10,021 projects. 
It was the first project to voluntarily 
relinquish its intellectual property 
rights, respecting a bottom-up philoso-
phy and growing wildly without any 
project owners.

platform. The choice of Opensea for this study ensures the authenticity, accuracy, and
longevity of the study.

This study categorized the top 20 most popular NFT avatars on the Opensea plat-
form and selected the most popular or the highest priced one from these works. The
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samples were then screened for four broad categories of character, and within each of
these four categories, the aesthetic attributes of the work were identified in three direc-
tions, resulting in a total of 12 aesthetic attributes. 4 main characteristics of the NFT
avatars at the Opensea are Pixelated, Three-dimensional, Comic and Simple. The 12 aes-
thetic attributes are Composition, Fantasy, Fun, Space, Fashion, Science fiction, Comics,
Japanesemanga,Weird,Childish,Minimalist andCasual (seeTable 1). Thequestionnaire
was finally revised through expert evaluation to complete the sample selection.

3.2 NFT Avatars (PFPs) Cognitive Model

Based on the solid foundation of literature and theory, as well as the content of this study,
a preliminary cognitive model of NFT avatar works was constructed for this study (see
Fig. 1). The aesthetic experience of the NFT portraits combines the viewer’s intuitive
perception of the images and their judgement of their specific style and aesthetic features.
The whole process is a sublimation from perception to cognition, a cognitive process
from the most basic stylistic impression to its fundamental semantic impression. It’s also
a process of perceiving the aesthetic experience of a work of art from the beauty of the
image to the beauty of the imagery and then to the beauty of the ideas generated.

Fig. 1. NFT Avatars(PFPs) Cognitive Model

3.3 Questionnaire Design

To examine the accuracy of the audience’s perception of the attributes and the differences
in perceptions of the samples, the strength of the selected works was questioned in terms
of their aesthetic attributes. In the questionnaire, the questions were set up in the form of
a matrix, and the target audience was the general audience on both sides of the Taiwan
Strait. By asking them to make intuitive judgments on the 12 aesthetic attributes of each
of the 12 works, it was possible to quickly see the general audience’s identification with
these aesthetic attributes and the communicative effect of the NFT avatars.
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For the fairness of the questionnaire, the subjects were informed of the purpose of
the experiment. They are then asked to assess the sample artwork for this study based on
the questions by intuition. In this study, their assessment of the suitability of each piece
of artwork consisted of 2 questions. Question 1 explored viewers’ identification with
the aesthetic attributes selected for this study, using a 5-point Likert scale with scores
ranging from 1 (‘strongly disagree’) to 5 (‘strongly agree’), while question 2 explored
viewers’ preference for the style of their work or the images themselves, ranging from
0 to 100%, with higher scores associated with higher identification.

In this study, 130 questionnaires were collected, and 127 valid questionnaires were
sent to the public in Taiwan and Mainland China. A total of 46 questionnaires were
collected from people living in Taiwan, while 81 questionnaires were collected from
people living in Mainland China. The gender breakdown was 48 for males and 79 for
females; the age breakdown was 15 for those aged under 18, 57 for those aged 18–25,
25 for those aged 26–35, 16 for those aged 36–45, 7 for those aged 46–55, 3 for those
aged 56–60 and 4 for those aged over 60.

4 Results and Discussion

Based on the analysis of the above research results, the findings reflect that the cognitive
model and evaluationmatrix of the aesthetic experience of the NFT avatars is reasonable,
and the findings reflect the process of the general audience’s aesthetic experience of the
NFT avatars, which provides a theoretical basis for the aesthetic judgement of the NFT
avatars and allows for an intuitive attribute analysis of the aesthetic evaluation of the
NFT avatars. In the future, this study will investigate the relationship between NFT
avatar preference and viewers’ aesthetic experience, as well as the relationship between
subjects’ background and cognitive factors, based on the questionnaire data.

Consequently,A spatial analysis of the audience’s aesthetic cognitionwas conducted,
on a sample of 12 NFT avatars embodying 12 aesthetic attributes and 4 stylistic features,
and a confusion matrix of the aesthetic cognition of the NFT avatars (see Table 2). From
the results of the MDS statistical analysis, the stress index and the absolute coefficient
were found to be Kruskal’s Stress = 0.16911 and RSQ = 0.89674, which indicates
that the two vectors are suitable for describing the spatial relationship between the 12
aesthetic attributes, the 4 stylistic characteristics, and the multi-vectors in this study.
This shows that the two vectors are appropriate for describing the spatial relationship
between the 12 aesthetic attributes, the 4 stylistic characteristics and the 12 NFT avatars
and the multi-vectors in this study.

The following conclusions are drawn from the confusing matrix of this study:

(1) p2, p5, p6, p8, p9, p10 and p11 performed in line with the strength of the aesthetic
attributes as expected.

(2) p1 was expected to have the strongest sense of composition, but the result was not
high, instead it scored highest in the sense of randomness, while p12 was expected
to have the strongest sense of randomness, but in the end, there was a difference of
0.08 with p1, indicating that the sense of randomness of p12 was very strong and
did not exceed the strength of p1.
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Table 2. NFT avatars and the confusing matrix of aesthetic properties

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12
f1Composit

ion
2.97 3.01 2.94 3.35 3.41 3.04 2.94 3.32 2.50 2.63 3.21 2.28 

f2 Fantasy 2.09 3.54 2.25 2.20 2.61 2.39 2.20 3.24 1.97 2.18 3.38 1.85 

f3 Fun 2.92 3.15 3.33 2.98 3.35 2.43 3.17 2.74 2.43 3.01 3.30 2.93 

4 Space 2.24 2.48 2.39 3.41 3.58 3.02 2.43 2.76 2.03 2.11 2.49 2.04 

5Fashion 2.65 2.72 2.62 2.69 3.76 2.95 2.74 3.50 1.96 2.41 3.09 2.33 

f6 Science 
fiction

2.54 3.12 2.47 2.46 2.95 3.17 2.22 2.76 2.15 2.02 2.68 1.96 

f7 Comics 2.61 2.58 2.81 2.57 3.46 2.85 3.42 2.79 2.49 2.25 2.94 2.57 

f8 Japanese 
manga

2.06 2.21 2.11 1.91 2.07 2.53 2.09 3.43 2.04 2.49 2.28 1.90 

9 Weird 3.15 2.92 3.51 3.21 3.30 3.36 3.30 2.34 3.79 2.51 2.80 2.93 

f10 Child-
ish

2.68 3.07 3.04 2.41 2.35 2.14 2.59 2.31 2.05 3.39 3.38 2.74 

f11 Mini-
malist

3.16 2.68 2.46 2.24 2.24 1.91 2.30 2.49 1.96 3.02 3.32 2.57 

f12 Casual 3.28 2.93 2.65 2.50 2.54 2.22 2.51 2.72 2.72 2.84 3.02 3.20

(3) p5 had the highest selection rate among all the works, and scored highest in f1
sense of composition, f3 sense of fun, f4 sense of space, f5 sense of fashion, f6 the
highest scores were achieved in f1 composition, f3 interest, f4 space, f5 fashion and
f6 aesthetics.

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 avatars
was analyzed in terms of multiple vectors. This is the conclusion drawn from the multi-
directional analysis diagram:

(1) The study shows that p11 and p2, p4 and p6, p3 and p7 are more closely related as
one group, while p10 and p1 are more closely related as one group.

(2) f2 Dreaminess, f8 Japanese Manga and f3 Fun are interrelated, with p2 and p11
having higher strengths in Dreaminess and Fun; f1 Simplicity, f10 Childishness
and f12 Casualness are interrelated, with p1, p10 and p12 having higher strengths in
Casualness, Simplicity andChildishness; f4 Spatiality and f7Manga are interrelated,
with p5, p6 and p4 having higher strengths in Spatiality and Manga.
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Fig. 2. Multi-dimensional cognitive analysis of NFT avatars

(3) p9, p12 and p3 are weaker in all aesthetic attributes, and the angle between p9 and
each aesthetic attribute is too large, indicating that the audience’s recognition of their
aesthetics is low.

5 Conclusion

The development of the metaverse in the field of art, the explosion of NFT avatars is
only the beginning of AI painting, and the rapid development of AI painting in the
future is an inevitable trend, but in the life of the public, NFT art has not yet reached
popularity, and most of the audience are quite unaware of NFT avatars, or even unheard
of. Even so, the viewer’s aesthetic experience of the NFT avatars is the same as that
of other works of art, so AI painting and traditional painting are both variations of
form, the aesthetics of the art itself remains the same. Therefore, although there are
some discrepancies in the results of this study, the overall finding is that most of the
audience’s perception of the aesthetic properties of the NFT avatars is consistent with
expectations. The audience’s choice reflects whether the effect level of the artwork is
well expressed in relation to the semantic and technical levels. The effect layer of an
artist’s work affects the audience’s intuitive experience and choice to a certain extent. It
embodies the artist’s own aesthetic feelings and stylistic characteristics, awakening the
audience’s experience of beauty. Also, the definition of aesthetic attributes also affects
the semantic perception of the different stylistic features of the NFT avatars. There is
a correlation between the aesthetic attributes of different NFT avatars and the style of
their images, and the audience’s assessment of different works also reflects their specific
aesthetic recognition.

Based on the analysis of the above research results, the findings reflect that the cog-
nitive model and evaluation matrix of the aesthetic experience of the NFT avatars is
reasonable, and the findings reflect the process of the general audience’s aesthetic expe-
rience of the NFT avatars, which provides a theoretical basis for the aesthetic judgement
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of theNFT avatars and allows for an intuitive attribute analysis of the aesthetic evaluation
of the NFT avatars.

As a fresh product of this era, the popularity of NFT avatars is inevitably due to the
perceptual design and aesthetic experience of the images behind them, and Chen [22]
also points out that NFT viewers’ purchases can reflect their own aesthetic qualities and
aesthetic experiences to influence their attitudes and tastes. The essence of beauty is
expressed through objects (artworks), as well as viewers achieve aesthetic, meaningful
and emotional experiences through the process of viewing artworks. This will help to
explore the audience’s mental models in appreciating NFT avatars and provide a basis
for artists to create artworks that convey emotional elements and inner meanings through
artworks. This study is one of the few research projects on the aesthetic awareness of
NFT avatars. The core argument of this study is that the central thesis of this study is
the difference in the recognition of the aesthetic qualities of various NFT avatars and
the aesthetic orientation of the general audience on both sides of the Taiwan Strait. The
results of this study provide a new insight to the design of the visual style of the NFT
avatars, or the aesthetic perceptions of the audience and the preference factors for their
work.
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Abstract. TV dramas are an important medium for Southeast Asians to under-
stand Chinese culture. Fashion dramas, however, are less innovative and compet-
itive than costume dramas in terms of theme innovation. In order to grasp the
audience’s perceived preference and consumption willingness for Chinese TV
dramas, this study conducted empirical research by recruiting 60 subjects from
Thailand and Malaysia. The research is divided into two parts. Firstly, the per-
ceptual preference design related to the plot (preference, viewing intention) and
non-plot (dialogue speed, total duration of the drama) is learnt through the audi-
ences’ country, the plot era background and the content level of Chinese cultural
elements. Next, the purchase intention of Chinese products (consumption, finance,
science and technology) under different stimulus conditions is sorted out by the
audiences’ country, video viewing order, and video viewing quantity. The research
results will put forward specific TV series design suggestions based on the back-
ground of the plot era, the content level of Chinese cultural elements, the order
of video viewing (costume before fashion/fashion before costume), the number
of video views (8/16 films) and the audiences’ country, so as to enhance the cul-
tural soft power and international influence of cross-cultural communication of
TV dramas.

Keywords: Chinese TV dramas · Southeast Asian audiences · perceived
preferences · purchase intentions

1 Introduction

Chinese TV dramas have been playing an essential role in promoting the country’s cul-
ture and values to the global audience, particularly in many developing countries where
Chinese TV dramas are becoming increasingly popular. However, despite their growing
popularity, most of China’s costume dramas generally lack Chinese features from char-
acter attire and makeup to plot themes. This is partly due to the low cultural confidence
and consciousness and the insufficient exploration of core cultural competitiveness in
China’s media and film industry [3].

In contrast, Korean dramas have already established a stable base in Southeast Asia
slightly a few years back [1]. With their unique storylines, stylish fashion, and cap-
tivating music, Korean dramas became the most popular TV programs in the region,
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challenging the hegemony of Hollywood and other western media. As a result, many
Korean dramas have been successfully exported to Southeast Asia, boosting the Korean
Wave or “Hallyu” in the region [8].

The growing popularity of Korean dramas in Southeast Asia raised important ques-
tions about the preferences and consumption patterns of Southeast Asian audiences [18].
Against this backdrop, the purpose of this study is to understand Southeast Asian audi-
ences’ perceived preferences of Chinese TV dramas, as well as their purchase intentions
on Chinese products, and propose an audience-centered TV drama design that will meet
their leisure and entertainment needs, enhance the viewing experience, and promote
domestic and international economic development. The study will focus on the audi-
ence preferences and purchase intentions of Chinese TV dramas in two Southeast Asian
countries, Thailand and Malaysia. Through this research, we hope to fill in the gap of
designing Chinese TV dramas that can better satisfy the needs of overseas audiences.

2 Literature Review

2.1 Preference Design of Chinese TV Dramas

In the export markets of Chinese TV dramas, the era context and the integration of
Chinese elements in the drama subjectively influence one’s visual impression, while the
dialogue speed and total duration of the show objectively affect the viewing experience
of the audience.

Costume dramas typically feature characters whose clothing styles date back to
before 1911 AD, while modern dramas are based on contemporary China, using realistic
content and dialogue to uncover the mysterious veil of the country’s rapid development.
Costume dramas tend to pique the curiosity of overseas audiences who are unfamiliar
with Chinese culture and lack personal experience. Modern dramas with less obscure
language made it attractive to Southeast Asian audiences, due to their curiosity about
the Chinese language [23]. African audiences, despite having significant cultural dif-
ferences with China, also showed interest in understanding modern China’s high-speed
development through modern dramas [7].

Incorporating Chinese cultural elements into TV dramas can highlight the rich cul-
tural heritage, foster cultural confidence and competitiveness, and ultimately realize
cultural value. The “China National Image Global Survey Report 2016–2017” also
mentioned that Chinese cuisine (52%), traditional Chinese medicine (47%), and martial
arts (44%) were the most interested cultural aspects of the country. The demand for
actual depiction and ecological information of China were met by integrating traditional
features in TV dramas [6, 20].

In addition, linguists believed that Mandarin has a slower speech rate compared to
Spanish. The rate of speech for syllables and consonant clusters were 34% and 49%
slower respectively, while the amount of information covered was only 4% less. There-
fore, Mandarin easily pulled off as a loose and imprecise impression to people [16].
Southeast Asian audiences may have a negative viewing experience and lower accep-
tance for TV dramas with slower dialogue speed, as their culture emphasizes fast and
efficient working styles.
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The total duration of TV dramas may also affect the perception of Southeast Asian
audiences. The total duration of Chinese TV dramas had significantly increased in the
recent years, from an average of 34 episodes in 2010 to an average of 43 episodes in 2017,
while Southeast Asian TV dramas usually have around 20 episodes. This phenomenon
highlighted the potential issues of excessive plot narration and slow pacing in Chinese
TV dramas, which invisibly increase the amount of time engaged, eventually lead to a
higher likelihood of viewers abandoning the drama. According to a big data report from
iQiyi, the dropout rate for TV dramas with more than 45 episodes has been increasing
year by year, reaching 56% in 2018 [17]. Therefore, regardless of the plot quality, the
viewing willingness is closely related to the total duration of the drama.

2.2 Influence on Chinese Product Purchase Intentions

Television dramas serve as a medium for shaping the image of their place of origin,
which can influence audiences and enhance their willingness to pay a premium for
local products [10]. The images of the place of origin presented in costume dramas
and fashion dramas differ to a large extent. There is a need to further analyze whether
the “product placement” trend formed by TV dramas based on different time periods
can enhance the willingness to purchase other products. A study conducted by Murphy
et al. [15] divided consumer products into convenience product, preference product,
shopping product, and specialty product, among which consumers would invest more to
consume shopping and specialty products. Recognition of a product’s value increases
as consumers invested more money, time, and energy in it. Therefore, this study also
explored the audiences’ perception preferences for TV dramas and themotivation behind
their willingness to purchase related products.

3 Research Framework and Questions

Plot era background (costume or modern drama) and content level of Chinese cultural
elements (high or low) were selected as the two most interesting factors of Chinese TV
dramas to be further analyzed, of their influence on preference and viewing willingness
of Southeast Asian audiences. The next step was to evaluate how preference and viewing
willingness affect the purchase intentions of consumers ondifferent categories ofChinese
products. At the same time, the direct influence of the two factors chosen at the start was
also discussed on how they stimulate purchase intentions on Chinese products. Lastly,
plot era background and content level of Chinese cultural elements were analyzed with
dialogue speed and total drama duration.

Many studies and reports on Chinese TV dramas have pointed out that historical
dramas and martial arts dramas are the most popular genres among overseas audiences,
and costume dramas have become the best category for export [21, 22]. However, there is
currently no research that empirically examines the reasons behind this. Therefore, this
study starts from the perspective of Southeast Asian audiences to examine whether they
really preferChinese costumedramas and the reasons behind their preferences.Under the
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strong influence of Western culture, Chinese film productions were seen to incorporate
elements of Western culture, but Chinese cultural elements were still relatively rare. In
the eyes of overseas audiences, China is still a mysterious and unfamiliar country, with
more people hoping to obtain more information related to China. Therefore, Chinese
film industry should reconsider whether to incorporate more elements with Chinese
characteristics in film and television works, in order to enhance audience preferences
and viewing willingness.

• RQ1. How do “plot era background” and “content level of Chinese cultural elements”
in Chinese TV dramas affect Southeast Asian audiences’ perceived preference and
viewing willingness on these TV dramas?

Many studies have shown that a film or television work can convey plenty of infor-
mation about a region. After audiences are exposed to a film or television work, they
will perceive it and this will affect their perception or attitude towards a region [9, 19].
This part aims to observe if the perception one has will directly affect their purchase
intentions.

• RQ2. How do the perceived preference and viewing willingness of Southeast Asian
audiences on Chinese TV dramas influence their purchase intention of Chinese
products?

In the study by Koschate-Fischer, Diamantopoulos and Oldenkotte [10], the
researchers pointed out the with the influence of country of origin, a positive image
can enhance consumption behaviors and increase the willingness to pay. There are cur-
rently no findings on the effect of driving sales between costume dramas and modern
dramas.

• RQ3. After viewing Chinese TV dramas of different plot era backgrounds, how will
this affect the purchase intention of Chinese products of Southeast Asian audiences?

With the difference in habit and preference of dialogue speed by Southeast Asian
audiences, costume dramas may not be favorable to them as the difference in languages
and culture could bring about discomfort when they listen to Chinese TV dramas.
According to Hofstede sixth cultural dimension, ASEAN6 have higher indulgence score
and tend towards short-term orientation as compared to China [5]. It is more likely for
them to prefer fast-tempo and plot-intensive TV dramas, with higher preference on
shorter total drama duration.

• RQ4. In the design of Chinese TV dramas, how do plot era background and content
level of Chinese cultural elements influence Southeast Asian audiences’ preference
on dialogue speed and total drama duration?

4 Methodology

4.1 Participants

The study was conducted with a total of 60 participants from Thailand (30) andMalaysia
(30), of which 80% were female, and the average age was 24.5 years (SD = 4.1). 44
participants (74%) had a bachelor’s degree or above. As the population composition and
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culture differ to some extent between the two countries (percentage of ethnic Chinese in
the local population: 14% in Thailand and 23.4% in Malaysia; uncertainty avoidance:
64 in Thailand and 36 in Malaysia; long-term/short-term orientation: 32 in Thailand and
41 in Malaysia), the study believed that the differences may cover more preferences of
Southeast Asian audiences, which may facilitate the promotion to other countries with
similar backgrounds.

4.2 Experiment Design

The experiment focusedon the perceivedpreferences andviewing intentions of Southeast
Asian audiences towards TV dramas at both the narrative-related and non-narrative-
related levels. Narrative-related designs include the historical background of the plot
and the inclusion of Chinese cultural elements, while non-narrative-related designs cover
dialogue speed and total length of the drama. The influence on Chinese product purchase
intentions is measured three times before, during, and after the experiment, focusing on
three product types: consumer goods, finance, and technology [12, 14].

The experiment consisted of two 2 * 2 * 2 independentmixed designs: one focused on
the perceived preferences of TV dramas, and the other discussed the purchase intentions
Chinese product. The independent and dependent variables of the experiment are shown
in Table 1.

Table 1. Experimental Variables

Perceived Preference Purchase Intention

Independent Between-subjects Target country
(Thailand/Malaysia)

Video viewing order
(costume then
modern/modern then
costume)
Target country
(Thailand/Malaysia)

Within-subject Plot era background (costume
drama/modern drama)
Content level of Chinese
cultural elements (high/low)

Number of videos
watched (8/16)

Dependent Preference level [15]
Viewing willingness [13]
Dialogue speed [4]
Total duration of drama [4]

Consumption
willingness
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4.3 Materials

According to Douban’s rating list (as of 15 February 2020), the top four most viewed
dramas under each category (costume and modern) were used as the experimental video
in this study. Two one-minute clips were selected from each drama and labeled with
high or low levels of Chinese cultural elements. At least one of the same lead actors was
present in both clips. Based on the “China National Image Global Survey Report 2016–
2017”, Chinese cultural elements include, but not limited to, Chinese cuisine, traditional
Chinese medicine, martial arts, traditional Chinese calendar, natural scenery of China,
Confucianism, calligraphy and painting, products, architecture, cultural classics, cloth-
ing, and technological inventions. To ensure that the video clips sufficiently highlighted
Chinese cultural elements, experts were recruited to validify prior to the experiment.

4.4 Procedure

The participants were evenly divided by country and assigned to two groups: one group
watched 8 video clips from costume drama followed by 8 video clips from modern
drama, while the other group watched 8 video clips from modern drama followed by 8
video clips from costume drama. The video order was determined using a Latin square
design to avoid order effects. Each experiment consisted of 16 tasks, with each task
containing a one-minute video clip and a surveyon factors such as preference andviewing
willingness. Participants will be informed of the total number of episodes and the length
of each episode for the drama they have just watched, in order tomeasure their preference
for total drama duration. Chinese product purchase intention was also measured using
surveys before, during (after completion of 8 tasks), and after the experiment (after
completion of 16 tasks). To ensure the experiment quality, a simple content test was
conducted after each video. The complete experiment process is shown in Fig. 1.
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Fig. 1. Experiment Procedure

5 Results

5.1 Perceived Preferences of Chinese TV Dramas

The audience’s perceived preference for TV dramas will be measured by indicators such
as preference, viewing willingness, dialogue speed preference, and total drama duration
preference based on factors such as the target country, plot era background, and content
level of Chinese cultural elements. Among them, preference and viewing willingness
are related to the plot, while dialogue speed and total duration of the drama are related
to non-plot. According to the normality test, the degree of preference and the preference
on dialogue speed will be tested by non-parametric tests, while the viewing willingness
and the preference on the total duration of the drama will be tested by parametric tests.

Preference
TheKolmogorov-Smirnov Z test showed no significant difference in preference between
the audience countries (p = 0.39). According to the results of Wilcoxon’s test, the
background of the plot era significantly affected viewers’ preference (p< 0.01), and the
participants’ preference for costume dramas (Med= 4.69, IQR= 1.07) was significantly
higher than that of modern dramas (Med = 4.03, IQR = 0.97). However, there was no
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significant difference in the content level of Chinese cultural elements on preference (p
= 0.72).

Viewing Willingness
The results of the three-way mixed ANOVA (as shown in Table 2) showed that the plot
era background significantly affected the willingness of Southeast Asian participants
to watch Chinese TV dramas (p < 0.01), and the willingness to watch costume dramas
(Mean= 3.82, SD= 1.38) was significantly higher than that of modern dramas (Mean=
3.13, SD= 1.28). Although other variables were not significant, regardless of the plot era
background, the participants were more willing to watch TV dramas with high content
level of Chinese cultural elements. The viewing willingness of Malaysian participants
was more easily affected by the content level of Chinese cultural elements.

Table 2. Three-way ANOVA results of independent variables on viewing willingness

Variables F p η2p

Between-subjects Target country 0.30 0.59 0.01

Within-subjects Plot era background 33.43 0.00* 0.37

Plot era background * Target country 0.96 0.33 0.02

Content level of Chinese cultural
elements

2.38 0.13 0.04

Content level of Chinese cultural
elements * Target country

0.31 0.58 0.01

Plot era background * Content level of
Chinese cultural elements

0.02 0.89 0.00

Dialogue Speed Preference
The results of the Kolmogorov-Smirnov Z test showed that there was a significant dif-
ference in the preference on dialogue speed in the target countries (p< 0.01). Compared
with Thailand (Med= 3.92, IQR= 0.72),Malaysian subjects (Med= 4.52, IQR= 0.93)
significantly preferred faster dialogue speed. According to the Wilcoxon test results,
there was no significant difference between the plot era background (p = 0.91) and the
content level of Chinese cultural elements (p = 0.75) on the dialogue speed preference
of the two groups of participants.

Total Drama Duration Preference
Based on the three-way mixed ANOVA, there is no significant impact of the three
independent variables on total drama duration preference.
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5.2 Purchase Intentions of Chinese Products

Consumer Products
Results of a three-way mixed ANOVA are presented in Table 3, showing that the order
of video viewing significantly influenced participants’ willingness to purchase Chinese
consumer products (p= 0.03). Regardless of the number of videos viewed, the stimulus
condition of first modern and then costume dramas (8 videos: Mean= 4.66, SD= 0.81;
16 videos: Mean= 4.72, SD= 0.95) led to significantly higher purchase intentions than
the stimulus condition of first costume and then fashion dramas (8 videos: Mean= 4.13,
SD= 0.91; 16 videos: Mean= 4.22, SD= 0.98). Furthermore, an interaction effect was
found between the order of video viewing and the audiences’ country. Thai participants
who were exposed to modern dramas first (Mean = 4.87, SD = 1.02) showed a greater
willingness to purchase consumer products compared to those who were exposed to
costume dramas first (Mean = 3.89, SD = 0.86).

Table 3. Three-way ANOVA results of purchase intention for consumer products

Variables F p η2p

Between-subjects Video viewing order 5.13 0.03* 0.08

Target country 0.23 0.63 0.00

Video viewing order * Target country 4.14 0.05* 0.07

Within-subjects Video viewing quantity 2.15 0.15 0.04

Video viewing quantity * Target country 0.18 0.68 0.00

Video viewing quantity * Video viewing
order

0.11 0.74 0.00

Financial and Technological Products
The results of the Kolmogorov-Smirnov Z test indicate that the video viewing order,
viewing quantity, and target country had no significant impact on the purchase intention
of Chinese financial and technology products.

6 Discussion

6.1 Perceived Preferences of Chinese TV Dramas

Plot era background: Southeast Asian audiences showed significantly higher prefer-
ence and willingness to watch costume dramas than modern dramas. This phenomenon
could be attributed to the fact that costume dramas can fulfill entertainment desires like
aesthetics and curiosity, which are closely linked to the local culture of short-term orien-
tation and high indulgence. Costume dramas create a unique visual experience through
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scenes, attire, and landscapes, which stimulates the process of promoting rapid percep-
tion of freshness, unfamiliarity, arousing curiosity and aesthetic experience. From the
perspective of the Uses and Gratifications Theory, costume dramas are more likely to
satisfy prying and curiosity psychological needs. Compared to modern dramas, costume
dramas presented Chinese architecture, vessels, artworks, and other contents which dif-
fered from the daily experience of overseas audiences, resulting in higher preference
and willingness to watch costume dramas among audiences.

Content level of Chinese cultural elements: The amount of Chinese cultural elements
did not affect participants’ preference for TV dramas. Although there was no statistically
significant difference in their viewing willingness, the experimental results showed that
Southeast Asian audiences were more willing to watch TV dramas with high content
level of Chinese cultural elements. Just like the Korean drama “My Love from the Star”
in 2013 that sparked a Korean-style fried chicken and beer trend, exposure to positive
information with local cultural characteristics can establish a rich and profound cultural
impression, stimulate a sense of closeness and curiosity, and help drive cross-cultural
communication cycles through TV dramas [11].

Target countries: The viewing willingness of Malaysian participants was more sen-
sitive to the amount of Chinese cultural elements than Thai participants, although it did
not reach statistical significance, it is still worth noting. In addition, people often react to
unfamiliar languages with a fast pace that they cannot keep up with. The proportion of
Chinese Malaysians is 1.7 times higher than that of Thailand, and their familiarity with
Chinese may be higher as well. Therefore, this study speculated that the reason why
Thai participants preferred slower dialogue speed than Malaysian participants may be
related to the proportion of Chinese population within the country. Coupe et al. [2] also
pointed out that the Thai language is slower in terms of the number of syllables per unit
time compared to Mandarin, which may also affect the preference of Thai participants
for dialogue speed.

Total duration of drama: According to the results of the perception preference for
Chinese TV dramas, there is no significant difference in the preference for the total
drama duration, which may be related to the dragging of the plot in recent years, and it
is generally present in both costume dramas and modern dramas.

6.2 Purchase Intentions of Chinese Products

Based on the experimental results, the video viewing order led to different purchasing
intentions among participants for different types of Chinese products, with significant
differences in purchasing intentions for consumer products. Participants were more will-
ing to buy consumer products after being stimulated by the modern dramas. In contrast,
the effect of the costume dramas on increasing purchasing intentions for consumer prod-
ucts was limited, even when followed by the stimulation of modern dramas. This result
suggested that modern dramas are helpful in establishing the audience’s perception of
the origin of consumer products, as they have the characteristic of directly conveying
information about modern Chinese goods. This perception forms a first impression that
expands from a specific to a comprehensive influence, which reflects the psychological
halo effect. However, ancient objects in ancient dramas are difficult to promote or map
onto modern consumer cognition, which not only made it difficult to resonate with the
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audience but also lowered their purchasing intentions. Moreover, Thailand’s uncertainty
avoidance is much higher than that of Malaysia, which may make it more challenging
for Thai participants who first received stimulation from costume dramas to extend their
impression of costume dramas to modern Chinese consumer products, resulting in lower
purchasing intentions.

The experiment also explored the impact of Chinese TV dramas on the willingness
to purchase financial and technology products. Even though the results did not reach
statistical significance, it was found that participants were more inclined to purchase
technology products. The research results showed that Chinese TV dramas had a positive
impact on the willingness to purchase Chinese consumer products, which may be related
to technology products gradually iterating as rapidly as consumer products, coupledwith
the influence of Chinese technology brands in the Southeast Asian market, making TV
drama-driven Chinese technology products more popular than financial products.

7 Conclusion

This study explored the perceptual preferences of Southeast Asian audiences for Chi-
nese TV dramas and the influence of Chinese TV dramas on the purchase intention of
Chinese products through experiments conducted on Thai and Malaysian participants.
The study was conducted from two aspects: plot-related and non-plot-related perceived
preferences, and analyzed purchase intentions for three types of products: consumer,
financial, and technological. Based on the results, the study summarized five key take-
aways on perceived preferences and purchase intentions of Southeast Asian audiences
for Chinese TV dramas.

Southeast Asian audiences had a significantly higher preference and viewing
willingness for costume dramas than modern dramas. As Southeast Asian culture
values quick results and short-term entertainment, the themes of costume dramas brought
freshness and unfamiliarity to Southeast Asian audiences, and the audiovisual enjoyment
was different from their daily experiences. Korean dramas were a benchmark for the
development and overseas marketing of television dramas, and they remained a valuable
reference for China’s costume dramas. In recent years, Korean dramas such as “Itaewon
Class” and “Hotel Del Luna” have adopted different themes and constantly created inno-
vative visual experiences, quickly aroused the audience’s curiosity. This study believed
that even though costume dramas have their inherent attractiveness, modern dramas
can still break through existing frameworks and tap into the potential of the Southeast
Asian market through innovative themes and the inclusion of unique elements. At the
same time, costume dramas should also strive for innovation to avoid audience aesthetic
fatigue. In addition, the study also found that the content level of Chinese cultural ele-
ments had a positive impact on the level of preference and viewing willingness, even
if the results were not statistically significant, it is still worth considering in practical
applications.

The dialogue speed of Chinese TV dramas preferred by Malaysian audiences
was faster than that of Thai audiences. The influence of audience’s native language
and country’s population composition could result in significant differences in dialogue
speed preferences. Therefore, knowing the local language and identify the difference in
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speed between the local language and Mandarin, can help the post-production team in
adjusting the speed to fit the audience’s habits. This can enhance the viewing experience
and improve the communication effectiveness of non-plot related elements in the dramas.

Southeast Asian audiences preferred shorter TV dramas in total duration (total
number of episodes). Chinese TV dramas exported to Southeast Asian market should
adopt user-centered design, shorten the total drama duration to achieve the effect of
fast-tempo, plot-intensive, and effective progress of the plot. The increase in usage and
purchase of Chinese film productions can only be reached if we can cater to the viewing
habits of both domestic and foreign audiences while retaining the high-quality features
of television dramas.

China’s modern dramas effectively promoted the purchase of consumer prod-
ucts and technology products by Southeast Asian audiences. According to the psy-
chology of the halo effect, modern dramas are more effective in building an impression
of Chinese consumer products and increasing the willingness to purchase them than cos-
tume dramas, especially for high-value Chinese specialty products (such as antiques and
paintings) and shopping products (such as clothing). Although the purchase intention of
technology products did not reach statistical significance, their mean value was higher
than that of consumer and financial products, which may be related to the increased vis-
ibility of Chinese technology brands through the placement of advertisements and spon-
sorships in TV dramas. The study further speculated that high-value, high-investment
products such as specialty and shopping products, and technology products can signif-
icantly enhance purchasing intention. In addition, designs such as co-branded products
and IP marketing, which give products higher value, may also create higher sales and
overseas market share.

For audiences in countries with high uncertainty and avoidance (Thailand),
costume dramas did not easily promote thewillingness to purchase consumer goods
in China. Countries with a high uncertainty avoidance index tend to avoid unclear
and unknown consumer behavior, especially when the audience cannot visually display
information such as product quality and appearance design. Therefore, clearly displaying
the image and portraying information of Chinese products in costume dramas will help
to reduce the purchasing risk concerns of such audiences, essentially promote TV drama-
driven consumer behavior, and purchasing intentions.
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Abstract. Southeast Asia accounts for more than half of China’s total TV drama
exports, but in recent years, with fierce market competition, the advantages of
China’s TV drama production have been challenged to some extent. Due to its
delayed start in TV drama development, China’s film and TV production is not as
advanced as that of other countries. In order to improve the foresight and initiative
of Chinese TV and film foreign communication, quantitative research on the view-
ing needs of overseas audiences can provide foreign marketing strategies centered
on audience needs and preferences, ensure competitiveness and shape the national
image through TV and film titles that best fit local market expectations. The ques-
tionnaire of this study investigated 151 Southeast Asian audiences’ preferences for
Chinese TV dramas and perceived national image to provide a quantitative basis
for China’s subsequent overseas marketing of TV dramas. Based on the results,
this study summarized suggestions for audience-centered cross-cultural design of
TV dramas to enhance the competitiveness of China’s film and TV exports.

Keywords: Chinese TV dramas · Southeast Asia · perceived preferences ·
national image

1 Introduction

With the flourishing development of global trade and communication, the external pro-
jection of culture and image has become an important issue for countries. Compared to
movies, TV dramas have a greater continuous and periodic implication on the audience.
In addition, the cultural customs, social environment conditions, and values conveyed
through TV dramas can contribute to cultural understanding between nations, which
helps to improve impressions and reduce cultural differences [7, 14, 16]. Since 2001,
China has proposed the “Going Global Project” of the cultural industry, and in 2007, it
once again emphasized cultural soft power to encourage Chinese film and television to
go overseas [11]. According to statistics from the State Administration of Radio, Film
and Television of China in 2017, the national export of film and television products and
services reached US$400 million, and TV dramas accounted for 70% of the export value
of film and television works [32]. Exports were mainly directed to Southeast Asia and
countries that are geographically close and culturally homogeneous with China, such as
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Japan and Korea, because the proximity of life and social culture easily resonates with
audiences [29, 33]. However, compared with other relatively mature film and television
works (American, Japanese and Korean dramas, etc.), the competitiveness of Chinese
film and television industry is still lacking in terms of production level, plot novelty,
core values, and cultural self-awareness [21]. It is not easy to have breakthrough growth
in the highly competitive market of Southeast Asian film and television.

The purpose of this study was to explore the preferences and perceived national
image of Southeast Asian audiences towards Chinese TV dramas. Past studies lacked
quantitative measurement methods and data support, and did not systematically under-
stand the impact of drama series structure on audience perceptions and attitudes. This
study developed a questionnaire based on the structure of TV dramas to measure audi-
ences’ perceived preferences and national image, so as to effectively measure Southeast
Asian audiences’ perceptions of Chinese TV dramas and understand the strengths and
weaknesses of the current development of Chinese TV dramas.

2 Literature Review

2.1 Country Image

Country image is a belief and impression of a region and can be considered as a strategic
asset for brand marketing and needs to be managed in a focused manner [18]. Kim
and Richardson [12] showed that the high-frequency and multi-directional exposure
of films and TV shows can provide a multidimensional and intuitive perception of a
region’s culture, economy, technology, and politics. In addition, audiences’ preferences
for films and TV shows are likely to project their perceptions and attitudes toward a
region [13, 14, 27]. When television has become an actively utilized medium of mass
communication in countries, the dramas, shows, movies, etc. that it broadcasts will
dominate social interactions and their audiences’ perceptions of the country’s image,
status, and influence [9].

Beerli et al., [2] suggested that filmand television productions can generate subjective
impressions and emotional connections to a region. When audiences perceive the actors
in a drama as a meaningful reference group, they not only represent a preference and
affinity for the actors, but also a more positive attitude toward the cultural and regional
context of the story in the drama [27]. In addition, liking is the most intuitive emotional
response to a film or television production, focusing on the positive experience of the
audience [23]. Japanese films and television productions sparked a trend of Japanese pop
culture in the 1990s,making Japanese products, language, and lifestyle a part of everyday
life [10, 20]. In addition, the spread of Japanese animations, such as “Case Closed” and
“Dragon Ball Z”, has positively influenced the feeling of closeness, favorability, liking,
and perception of the national image of Japan, which in turn has led to the development of
the tourism industry [15].Many popular Korean films and TV shows in recent years have
similar phenomena, and Lee et al. [19] used the Parasocial Interaction Theory proposed
by Donald Horton and Richard Wohl to explain the influence of Korean dramas on the
national image of Korea. The results of the study indicated that although Korean dramas
only convey information to overseas audiences in a one-way manner, they invariably
established an emotional connection between the audience and the characters of the
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drama, creating trust and dependence, which in turn promoted the national image of
Korea.

In recent years, there were few successful cases of China’s film and television works
expanding overseas markets, and nearly half of them are historical dramas, and although
this developed a positive impact on Chinese national image to a certain extent, the neg-
ative perceptions implied by them are also worth reflecting on. The historic traditional
clothing, landscape, architecture, lifestyle, speech and behavior of historical dramas dif-
fer greatly from the modern society today [3, 30]. They satisfied audiences’ curiosity
about Chinese history and shape the image of China’s cultural profundity, but the dra-
matic exaggerated rendering (harem scandals, etc.) and fictional plots (fatalism, ghosts,
gods and demons, etc.) have also created biases and limitations on the moral or cultural
connotations [25].

2.2 Characteristics of Southeast Asians

To capture the characteristics of Southeast Asian audiences, this study focused on the
six Southeast Asian economies ASEAN6 (Thailand, Indonesia, Singapore, Vietnam,
Philippines, and Malaysia) as defined by Oktaviani et al. [24].

Based on the six dimensions (power distance, individual/collectivism, masculin-
ity/femininity, uncertainty avoidance, long-term/short-term orientation, and indul-
gence/constraint) sorted out by Hofstede’s cultural dimension theory, it can be found that
the two most significantly different dimensions of the six countries have from China are:
long-term/short-term orientation and indulgence/constraint. In terms of long-term/short-
term orientation, the six countries mentioned above are less motivated to plan for the
future compared to China, they value quick results, and prefer fast-paced, plot-intensive,
and information-rich dramas [25]. In terms of indulgence/constraint, it can be found
that the six countries mentioned above seek simple pleasure and freedom, enjoyment of
life, and focus on entertainment more than China. Studies on Southeast Asian audiences
pointed out that leisure and entertainment are the most important motives for watching
TV dramas in China [25].

It can be seen that the cultural differences between Southeast Asia and China are
likely to affect the perceived preference for Chinese TV dramas and the national image of
the country. Blindly promoting the development of film and television based on China’s
subjective perception of film and television works will cause difficulties for future film
and television output.

3 Research Framework and Hypotheses

Numerous research studies have demonstrated that a film or television production has
the ability to communicate information about a particular area. Once viewers have been
exposed to such productions, they will develop perceptions which can impact their
attitudes towards that region [13, 20]. According to Aristotle’s six elements theory,
preference has been further dissected into plot, fable, dialogue, actors, music and land-
scape [4, 8]. The national image has also been divided into eight dimensions, namely
culture, people, product, technology, economy, diplomacy, policy, and military. This
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research explored the relationship between the drama elements, perceived preferences,
and national image of China as a result of exposure to Chinese TV dramas by the South-
east Asian audiences. As such, three research questions were proposed to identify the
link between the variables.

• RQ1. How do the six elements of Chinese TV dramas affect the perceived preferences
of Southeast Asian audiences?

• RQ2. How does the perceived preferences of Southeast Asian audiences on Chinese
TV dramas influence the national image of China?

• RQ3. After viewing Chinese TV dramas of different plot era backgrounds, how will
this affect the national image of China?

4 Methodology

This study focused on audience perceived preferences for Chinese TV dramas and the
national image in order to quantify the overall picture of audience perceptions of tele-
vision dramas and the country in the context of drama. There are two basic reasons
behind this: 1) perceived liking is used as a measure in many studies to understand the
comprehensiveness of audience perceptions; 2) Drama has a significant influence on
shaping the nation’s image, assessing the audience’s perceived national image will aid
in understanding the impact of TV dramas on the national image.

For this study, a questionnaire was created with 65 questions based on the litera-
ture and the six dramatic elements outlined in Sect. 6 of Poetics by Aristotle, which
are plot, fable, dialogue, actors, music, and landscape. Demographic variables and the
participants’ experience of watching Chinese TV dramas were also included in the
questionnaire, as well as the overall perceived preference for each of the six elements,
and the perceived national image for each element. The national image component of
the questionnaire was developed based on eight dimensions identified from CIPG and
related research, which are people, culture, science and technology, product, economic,
diplomatic, political, and military [5, 22].

The measurement of perceived preference was designed based on the scales for
TV program preferences developed by Barwise et al. [1], Murry et al. [23], and Lee
et al. [19], along with the questionnaire items designed for drama structure. A 7-point
Likert scale was used to collect the responses of the subjects (1: strongly disagree, 7:
strongly agree). In terms of national image measurement, the item directly asked about
the national image of China perceived by the participants. Participants answered based
on a 7-level Likert scale (1: decrease greatly, 4: stay the same, 7: increase greatly), so as
to reasonably quantify the impact of TV dramas on the country’s image.

Thequestionnairewaswritten inEnglish, and threeThai andMalaysian students from
Tsinghua University were invited to pilot-test and optimize the items to ensure that they
could understand the questions correctly and ensured the quality of the questionnaire.

The questionnaires were distributed on social media (WeChat, Facebook, Instagram)
with active audiences in six countries in Southeast Asia (ASEAN6). All participants have
watched more than two Chinese TV dramas. A total of 191 online questionnaires were
collected, and out of which,151 were valid. Of these, 119 (79%) were women. In terms
of target countries, 26 people from Thailand (17%), 27 people from Indonesia (18%),
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23 people from Singapore (15%), 23 people from Vietnam (15%), 21 people from the
Philippines (14%), 31 people from Malaysia (21%). The age distribution was mainly
between 20–29 years old (120 people, 79%). In terms of education level, 105 people
(70%) hold a bachelor degree or above. In terms of Chinese experience, 109 respondents
(72%) have lived in China for more than one month.

According to the experience and statistics of watching Chinese TV dramas, most of
them watched through online platforms (82%), and each participant watched an average
of 3.6 (SD=1.7) dramas, ofwhich1.9 are costumedramas (SD=1.6) and1.7 aremodern
dramas (SD = 1.4). Majority of the themes centered around love (86%), followed by
the palace (55%), with history (52%) coming in close behind.

In order to judge the appropriate statistical method for the questionnaire data, this
study used the K-S normality test to test the data normality. According to the results, all
the variables in the questionnaire did not meet the normality assumption, therefore, the
analysis of this study adopted non-parametric test (Spearman correlation analysis).

5 Results

In terms of measuring preference, this study referred to previously validated scales with
good reliability, including those used in Murry et al. [23] with a Cronbach alpha of 0.89,
Lee et al. [19] with a Cronbach alpha of 0.91, and Cowley et al. [6] with a Cronbach
alpha of 0.87. Adjectives such as good, interesting, attractive, and well-designed were
extracted to measure preference, ensuring the reliability of the questionnaire.

The questionnaire itemswere developed based on literature review, expert evaluation,
and pre-testing to ensure the relevance between the items and the behavioral constructs to
bemeasured, ensuring the internal validity of the questionnaire. As the sample group had
sufficient experiencewithChineseTVdramas and came from regionswith relatively high
economic development in Southeast Asia, the data obtained in the study is representative
and helps to generalize the results to other audiences with Southeast Asian cultural
backgrounds, ensuring the external validity of the questionnaire.

5.1 Analysis of Perceived Preference

The measurement of perceived preference was firstly done through the expression of
participant’s subjective perceptual liking on the six structural elements of drama, and
then evaluated the overall perceived preference based on their responses.

Descriptive statistics revealed (as indicated in Table 1) that participants had the high-
est perceived preference for musical elements and relatively low reported preferences
for fable. Overall, the participants had a positive evaluation of the general perceived
preference for Chinese TV dramas. Moreover, Southeast Asian audiences preferred the
sensory and aesthetic drama viewing experience to the TV series’ fundamental design.

According to the results of Spearman correlation analysis (as shown in Table 2),
the participants’ overall perceived preference was moderately positively correlated with
six structural elements, among which the actor had the highest correlation to overall
perceived preference (ρ = 0.74). In terms of the correlation of the structural elements of
Chinese TV dramas, fable was moderately positively correlated with the plot (ρ = 0.74)
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and the same for fable and dialogue (ρ = 0.61). Plot and landscape (ρ = 0.42), as well
as plot and music (ρ = 0.42) were positively correlated with low degree.

Combined with Table 1, the perceived likability of plot, fable, and dialogue were
closely interdependent, representing that the core meaning conveyed by the drama
affected the development of the plot and the design of dialogue. However, the low per-
ceived likability of core meaning by the audience suggested a possible gap between the
current arrangement ofmeaning in Chinese TV dramas and the expectations of Southeast
Asian audiences, which may also affect dialogue and plot.

Table 1. Descriptive statistics of perceived preference

Mean S.D.

Plot 5.1 1.2

Fable 5.0 1.2

Dialogue 5.2 1.2

Actors 5.3 1.3

Music 5.4 1.3

Landscape 5.3 1.2

Overall 5.3 1.2

Table 2. Spearman correlation analysis based on the six elements of TV drama

Plot Fable Dialogue Actors Music Landscape Overall

Plot 1 – – – – – –

Fable 0.64 1 – – – – –

Dialogue 0.48 0.61 1 – – – –

Actors 0.51 0.59 0.56 1 – – –

Music 0.42 0.51 0.45 0.55 1 – –

Landscape 0.42 0.54 0.59 0.57 0.46 1 –

Overall 0.54 0.68 0.61 0.74 0.55 0.58 1

5.2 Perceived National Image

The influence of Chinese TV dramas on the perceived national image was measured
through the use of six structural elements of TV dramas and eight dimensions of national
image. The objective of this study was to gain an understanding of whether Chinese TV
dramas positively or negatively impacted the perceived national image, specifically in
terms of whether it has an elevating effect (scoring above 4 points) or a diminishing
effect (scoring below 4 points) on perception.
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Based on the descriptive statistical results, as shown in Table 3, there was a positive
correlation between the enhancement of cultural image and the elements of plot, fable,
music, and landscape. Additionally, the improvement of national image was positively
correlated with the elements of dialogue and actors. On the other hand, dialogue, actors,
music, and landscape had the least impact on improving the military image, whereas the
elements of plot, fable, actors, and music had the least impact on improving the political
image.

Table 4 showed the results of Spearman’s correlation analysis, which indicated that
the elements of fable, dialogue, actors, and landscape in TV dramas had a moderate
positive correlation with China’s national image, while music had a moderate positive
correlation with China’s cultural image. The element of plot, however, falls between a
low positive correlation and no correlation with the eight dimensions of national image.

When combining the results from Table 3 and Table 4, it is evident that the elements
of fable, dialogue, actors, and landscape can contribute to enhancing China’s culture
or national image, as the moderately positive correlation results suggest. This means
that Chinese TV dramas with good meaning conveyed, clear dialogue design, distinctive
actor arrangement, and exquisite landscape scenes can have a positive impact on China’s
culture or national image. Additionally, the music arrangement in TV dramas is an
element that directly reflects the cultural image and plays a significant role in enhancing
it. Music design is not only an element that can improve China’s cultural image, but it
is also a crucial carrier for TV dramas to showcase China’s image.

Table 3. Descriptive statistics of six drama elements on national images

Culture Technology Economic Product People Diplomatic Military Political Average

Plot 5.5
(1.2)

5.3
(1.2)

5.1
(1.0)

5.1
(1.1)

5.1
(1.1)

4.8
(1.1)

4.7
(1.2)

4.6
(1.0)

5.0

Fable 5.3
(1.1)

5.1
(1.1)

4.9
(1.1)

5.2
(1.1)

4.9
(1.0)

4.7
(1.0)

4.5
(1.1)

4.5
(1.0)

4.9

Dialogue 5.2
(1.2)

4.7
(1.0)

4.7
(1.1)

4.9
(1.0)

5.2
(1.1)

4.6
(1.0)

4.4
(0.9)

4.5
(1.0)

4.8

Actors 5.3
(1.2)

5.0
(1.2)

5.0
(1.1)

5.2
(1.1)

5.4
(1.2)

4.8
(1.1)

4.5
(1.0)

4.5
(1.0)

5.0

Music 5.4
(1.1)

4.8
(1.1)

4.6
(1.0)

5.0
(1.1)

5.2
(1.2)

4.5
(1.0)

4.4
(1.0)

4.4
(1.0)

4.8

Landscape 5.4
(1.1)

5.2
(1.1)

5.1
(1.1)

5.2
(1.1)

5.1
(1.0)

4.8
(0.9)

4.5
(1.0)

4.6
(0.9)

5.0

Despite the fact that the plot has had a more significant impact on improving China’s
cultural image among Southeast Asian audiences, the low positive correlation between
cultural image and plot suggested that the plot itself did not significantly affect China’s
cultural image. Rather, the plot is a vehicle for conveying cultural features that are rooted
in China’s long and profound cultural heritage. These cultural features are potential
dramatic elements that shape cultural images, but their effectiveness may be ambiguous
due to variations in the audience’s recognition of the plot and their perception of its
moral aspects. Similar results were also found in the elements of fable and landscape.
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Table 4. Spearman correlation analysis on perceived national image based on drama elements

Culture Technology Economic Product People Diplomatic Military Political

Plot 0.29 0.12 0.26 0.08 0.32 0.27 0.24 0.35

Fable 0.44 0.35 0.43 0.30 0.63 0.46 0.34 0.43

Dialogue 0.59 0.37 0.42 0.52 0.61 0.40 0.29 0.43

Actors 0.46 0.38 0.38 0.43 0.63 0.40 0.35 0.33

Music 0.64 0.40 0.43 0.47 0.59 0.41 0.26 0.40

Landscape 0.46 0.31 0.32 0.35 0.53 0.30 0.19 0.24

The audience’s perception of these three elements was influenced by their individual
perception of China, which may be affected by factors such as the length of their stay
in China.

The findings suggested that the Southeast Asian audience has a positive attitude
towards the depth and richness of Chinese culture. However, due to their limited aware-
ness of China, they tend to project their affirmation of the cultural image onto the people
image that is closer to them. In other words, their positive perception of Chinese culture
is expressed through their perception of China’s national image, rather than through
a direct recognition and appreciation of the cultural elements within the Chinese TV
dramas. This implied that efforts to promote China’s cultural image among Southeast
Asian audiences may benefit from amore targeted approach that emphasizes the cultural
features that are most likely to resonate with the audiences.

6 Discussion

6.1 Perceived Preference

The current trend in the Chinese film and television industry is to invest most of its
resources in hyped celebrities, fancy props, and special effects, while neglecting the
importance of plot, dialogue, and fable design. This has led to problems such as protracted
plots, illogical dialogue, and shallowmeanings, which are not conducive to the long-term
development of the industry. However, the moderately positive correlation between the
overall perception preference of actors and the preferences of Southeast Asian audiences
suggested that the current trend in theChinese film and television industry, which focuses
on promoting hyped celebrities, may be related to the preferences of this audience. In
the future, it is important to focus on developing TV dramas that take into account the
perceived preferences of Southeast Asian audiences while ensuring the depth of core
elements, such as meaning. The Chinese film and television industry should pay more
attention to this direction in the future.

6.2 Perceived National Image

Costume and modern dramas are two major genres in domestic TV productions in
China. Costume dramas typically depict Chinese historical culture and court intrigues,
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with different themes giving audiences different impressions. However, themes that
focused on the dark side of human nature, such as struggle and the underworld, may
have a negative impact on the country image. Additionally, the palace buildings in these
dramas, such as the Forbidden City, implied a closed-off and class-based society, which
can negatively impact the image of China’s economy and diplomacy.

In contrast to costume dramas, most modern dramas focused on the present China,
incorporating elements of technology and the economy to portray a prosperous nation.By
featuring high-tech products and fluent use of foreign languages, modern dramas like
“Mr. Right” and “Women in Shanghai” have significantly improved their diplomatic
image compared to costume dramas.

Regarding the impact of audience awareness on cross-cultural communication, the
study found that “cultural freshness” had a more significant influence on the national
image of Chinese TV dramas than “cultural proximity or familiarity”. For example, audi-
ences who have not been exposed to as much Chinese culture may find the landscapes
and music with Chinese characteristics more beautiful and interesting due to their nov-
elty, resulting in greater tolerance and interest. This, in turn, can lead to positive changes
in the diplomatic and cultural images of China.

7 Conclusion

This study is based on a questionnaire of the perceived preferences and national image
of different structural elements of Chinese TV dramas in Southeast Asia. According to
the analysis results, the following five cross-cultural design suggestions for Chinese TV
dramas to expand into the Southeast Asian market can be summarized.

Southeast Asian audiences tend to prefer the sensory elements of TV dramas
such as music, landscape, and actors, rather than the core elements such as plot,
fable, and dialogue. This is likely due to their different cultural background from that
of China, so the TV drama arrangements that easily resonated with Chinese audiences
may not necessarily be understood by Southeast Asian audiences. In the future, when
marketing and selecting TV dramas for Southeast Asian audiences, it is important to
consider the design of the plot and its implications, so as to arouse resonance and
reflection among Southeast Asian audiences in terms of concepts and values.

Southeast Asian audiences tend to have a higher preference for actors compared
to other aspects of Chinese TV dramas, with plot and preference have the lowest
correlation.This suggested that the casting and portrayal of actorsmay have a significant
impact on the attitudes of Southeast Asian audiences towards TV dramas. Therefore,
when producing TV dramas for the Southeast Asian market, it is important to consider
the design and selection of actors, as this can directly influence the success of the show
in this region.

On top of the plot, the fable, dialogue, actors, music, and landscape preferences
had a significant positive impact on the overall national image. When arranging
the plot for Chinese TV dramas, it is important to consider the information it conveys
rather than simply focusing on creating thrilling plots that could negatively impact the
audience’s perception. The plot arrangement of TV dramas should aim to objectively
convey more positive plot information that encourages reflection and resonance, while
drawing on China’s rich cultural heritage.
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While fablemayhave a lowerperceivedpreference compared to other structural
elements of TV dramas, it has been found to have a greater impact on enhancing
the Chinese national image than dialogue and music. Morality, which is often the
essence of a TV drama, is frequently overlooked. Therefore, incorporating meaningful
and impactful allegory in the production process of Chinese TV dramas can greatly
increase their core value and competitiveness, as well as leave a lasting impression on
the audience. By focusing on the moral implications of the story, TV dramas can deliver
deeper messages that resonate with the audience and ultimately contribute to a more
positive national image.

Southeast Asian audiences tend to have a more positive perception of China’s
economic, technological, product, and diplomatic image when they watch more
modern dramas.Despite that, costume dramas are still themost popular type of Chinese
TV dramas in Southeast Asia. Nonetheless, the somber and isolated atmosphere often
depicted in costume dramas can give viewers an outdated impression of China. Integrat-
ing ancient Chinese technology, economy, and international achievements into costume
dramas will help improve the image of China portrayed in such dramas, especially in
terms of economy, technology, products, and diplomacy. In recent years, costume dra-
mas have incorporated various elements to achieve this goal. For instance, “Story of
Yanxi Palace” featured the plot of Chinese medicine diagnosis, and cultural and techni-
cal exchanges between the imperial court and foreign visitors. The strict business logic
and the interpretation of Chinese way of business in the dramas “To The Generation
Meng Luochuan” and “The Merchants of Qing Dynasty” were all manifestations of
China’s national image in ancient scenes.
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Abstract. Objectives: Since the 21st century, with the rapid development of
science and technology, China’s education level and educational technology have
been continuously improved, and the classroom model has been developed and
upgraded in innovation, but in the case that digital technology has not been fully
covered and China’s educational resources are relatively scarce, there are still
many practical courses that cannot be taught in the traditional classroom to obtain
good educational effects.

The development of cinematography knows no borders, but the education of
cinematography is limited by the different educational environments of different
countries. As an international art, the education of cinematography can achieve
better quality development through cross-cultural communication. The use of vir-
tual reality technology in the art of filmmaking can break the time and space lim-
itations between countries and enhance the degree of integration and innovation
in education in a cross-cultural context. The study of film and television creation
often requires students to have a lot of practical experience, but the equipment and
venue funds required for its practical courses are more expensive and cannot meet
the needs of most schools to create specialized teaching equipment and venues.
The teaching equipment of film creation plus the course venue are two aspects that
require later management and maintenance expenses, therefore, most of the film
creation courses in domestic universities are still stuck in the traditional teaching
mode.

In addition, the continuous updating of film creation technology makes teach-
ing resources, teaching materials and teacher training lag behind, which affects
teaching quality. The special nature of the film creation course makes it difficult
to effectively restore the filming process by traditional graphic, visual and audio
transmission methods, and the out-of-home practice is limited in terms of coor-
dination, time and space. In the global epidemic environment, online learning is
gaining more and more attention, but the film and television industry is in a “win-
ter”, which makes most film and television students lack of practice places where
they can establish cooperation. Virtual reality technology in the film creation pro-
gram for the restoration of the film set, that is, to build a virtual practice scene, is
a way to break the limits of time and space to provide students with experience.
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Virtual reality technology, as a more important technology in various indus-
tries in recent years, is widely used in many fields, such as medical, construction,
fashion,military, etc. At present, the teaching advantages of virtual reality technol-
ogy have gradually come into playing in the field of education.Using virtual reality
technology to build experimental apparatus, scenarios and equipment, students are
less constrained by equipment as well as scenarios, more able to stimulate interest
in the midst of an immersive classroom, enhance practical perceptions through
virtual reality technology instead of hardware facilities, immersive learning, and
enhanced learning efficiency.

On the other hand, it will also reduce the pressure of teachers in teaching,
and can view student dynamics through virtual experiments, timely adjustment of
teaching programs. The virtual scene practice is complemented by the teacher’s
classroom lecture, combining practice and theory, transforming the teacher-led
classroom into students’ spontaneous experiential learning, showing the abstract
concepts through virtual reality, restoring the real scene of the film set placed in
the plane in front of their eyes, allowing students’ audio-visual senses to have a
more realistic experience, crossing time and space in the virtual reality situation,
kinetic interaction, allowing the theoretical learning in the construction of The
“imaginary film set” built in the theoretical learning can be immediately shown in
front of the eyes.

Methods: A sample of 32 students from a film creation course in a Chinese
university was selected and divided into two groups: the experimental group and
the control group, with 16 students in each group (8 male and 8 female students in
each group), to confirm their knowledge of virtual reality technology and familiar-
ity with its operation before the experiment. The 16 students in the control group
will be taught in a traditional film creation course, mainly by a multimedia teacher
who will show the process of film creation in graphic form; the 16 students in the
experimental group will be led by the teacher and will be taught in the first half
of the course, while in the second half they will enter an immersive virtual reality
scenario using VR technology to experience the process of filming on a real film
set and become familiar with the operation of each position. A questionnaire will
be used at the end of the experiment to investigate students’ engagement, interest,
initiative, classroom satisfaction and learning outcomes.

Results:Through the experiments of both groups, it was found that students in
the experimental group would be more engaged and interested in the course, have
a higher understanding of the structure and operation of the set than students in the
control group, and have significantly better satisfaction and knowledge absorption
in the course than students in the control group. More than half of the students in
the control group were inattentive and uninterested in the course content, and the
data on the learning effect in the post-test were also poor.

Conclusions: It is clear from this study that virtual reality technology can
provide a greater degree of convenience to the teaching of film creation practice
by restoring the actual scenes on the film set, and that the traditional teachingmode
may make the teaching effect “superficial” and prevent students from understand-
ing and experiencing the real scene. The integration of virtual reality technology
and traditional teachingmethods produces a 1+ 1> 2 effect, stimulating students’
interest in learning, improving their learning efficiency, reducing lab construction
costs, deepening students’ understanding of realistic scenarios, and cultivating
their innovative thinking and abilities.
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Using the advantages of virtual reality technology to reform the classroom
of film art creation in colleges and universities can improve students’ intercul-
tural communication skills while effectively supplementing the teaching content
of international film creation, which helps promote the cultivation of intercul-
tural excellent film talents. However, virtual reality technology can only be an
“affordable substitute” for film creation practice courses. The unexpected events
and responses that may occur in actual scenes cannot be restored yet, and stu-
dents cannot learn to react and respond to unpredictable events in film creation
in virtual reality scenes, so it should be combined with reality to make up for its
shortcomings.

Keywords: AR technology · VR technology · Film art creation · Cross-cultural
training · Teaching mode

1 Introduction

In the current teaching system ofmany universities, the teaching of film creation is a very
important practical teaching course. For university majors related to film art, offering
a course on film creation can not only further the image creation ability of film major
university student groups and adapt to the current trend of image development, but also
help to improve the quality ability of university students. However, the current situation
of the film art creation course in universities shows that many students have deficiencies
in their professional background, technical foundation and creative thinking, resulting
in a great difference in the teaching effect of the film art creation course in universities
among the student population. In particular, the high demand for equipment in filmart has
led to differences in the quality of education between universities of different economic
strength, which requires universities to constantly explore new teaching methods in the
process of teaching reform and research to address the problems in teaching film creation.
The integration of virtual reality technology into the creative film arts curriculum is an
emerging and effective way of reforming the creative film arts curriculum.

The film art creation course in higher education requires students to progress together
in a number of areas including aesthetic expression, sound, editing, cinematography and
scriptwriting, as well as to use a comprehensive range of skills in the process of film
art creation practice. In a course like Film Art Creation Course, which is more practical
than theoretical, it is difficult to achieve quality teaching in the traditional mode of
teaching by practising and reproducing the process of filming on set. In traditional
film art teaching, teachers usually guide students to work in teams to experience the
whole process of film art from conception to text design to final formation. However,
the constant development of the Internet and film-related technology in the new era has
begun to make this traditional mode of teaching inefficient and time-consuming, and it
is difficult for university students to obtain precise knowledge of film creation from the
teacher’s screen presentation or oral narration in a short period of time, so the teaching
of film art creation has also taken on a higher level of demand. This means that the
educators involved have to constantly update their teaching methods and course content
systems in line with the developing market needs and industry standards, in order to
prepare for a better adaptation to the social environment.
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The practice of virtual reality technology in innovative classroom reform is the
embodiment of new contextualized teaching and learning. Compared to traditional con-
textualized teaching, virtual reality technology-based teaching is more conducive to
allowing students to have the ability to make up for the difference in subjective imagery
in a contextualized setting, to gain a more intuitive visual memory in a virtual classroom,
to retain more of the emotions brought about by visual images, and to be able to retrieve
them in memory at any time, making the teacher’s words and graphics in a traditional
classroom figurative, allowing students to experience a real film set or film creation pro-
cess from their visual senses, free of temporal and economic limitations. The emotions
generated in the process and the exploration of the details of the learning content will
be more beneficial. This study will analyse the feasibility of virtual reality technology
in the future of film creation education through an experiment on the change of lectures
involving virtual reality technology in a film art creation course. In a cross-cultural con-
text, the application of virtual reality technology in film art education reform can also
provide feasible solutions for film art education in different countries and regions, and
provide theoretical support for the introduction of virtual reality technology in film art
creation majors in different universities in different countries and regions.

2 Literature Review

2.1 Virtual Reality Technology

Virtual reality technology originated in the United States and has a wide range of appli-
cations in the field of education, providing educators with a new approach to teaching,
deconstructing the traditional teaching model and offering unlimited possibilities for the
development of people’s educational technology. It expands the development of teach-
ing methods and provides a new platform for pedagogical innovation [1]. Virtual reality
(VR) technology and the interaction of 3D geometric models can put an end to the
passive learning followed in traditional educational methods. They also facilitate useful
exchanges between the different participants in the educational process [2]. The use of
virtual reality in teaching is evident in medicine, the military, fashion, architecture and
many more. A study by M Samadbeik, D Yaaghobi et al. exemplifies the feasibility
of virtual reality in teaching clinical medicine, using virtual education technology for
laparoscopic surgery training [3]. In addition to this, practical nursing training simulation
software programs have been introduced in the USA where students can access elec-
tronic cases, make virtual appointments and can assess and then interact with patients
in a virtual ward created by the program, as well as follow up on patient interventions,
understand changes in the patient’s condition in real time and be able to assess the
patient and implement a care plan [4]. The practice of virtual reality technology in uni-
versity physical education courses is also gaining good ground, as Yildirim, Gürkan’s
team combined VR technology with history education courses and found that interactive
environments under VR virtual environments were found to be more effective in his-
tory courses and especially in presenting important events in history (e.g. wars, treaties,
negotiations, discussions, etc.) compared to traditional teaching environments [5]. This
visualization of non-concrete historical scenes also demonstrates the ability of virtual
reality technology to reproduce what already exists in reality, but also to visualise what
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is imagined, providing a technological channel for the teaching of different subjects. Liu
Guiwen’s team used 3D modelling techniques, stereo sound synthesis and other tech-
nologies to slimly explain the specific operations of building a physical education model
as well as special treatments, which is an important breakthrough in the combination of
virtual reality technology and university classroom reform [6]. Jin Yadi uses the Inter-
net+VR courseware to apply VR technology to the teaching of the guzheng. The key is
the design, production and application of VR teaching courseware. She believes that VR
technology is essentially a tool used to create virtual information environments. This
approach is inexpensive and can avoid the need for specialist VR terminals (e.g. VR hel-
mets, VR simulation pods, gesture sensors, VR projectors, etc.) and instead uses desktop
VR functions in the courseware to produce an economical virtual realm using personal
computer terminals and their conventional external devices, forming a non-contact VR
remote teaching and learning environment based on the Internet [7]. Weilong Wu, Hsu
Y, Yang Q F et al. developed a landscape architecture SV-IVR learning system using vir-
tual reality technology as a tool to effectively improve students’ academic performance,
learning attitudes and self-regulation without negatively affecting them [8]. Virtual real-
ity technology has now been gradually tried and practiced in multiple areas of university
education and is an important tool for future educational reform. This study focuses on
analysing the interest of university students majoring in the art of film creation in virtual
reality immersive classes and their learning outcomes, to analyse the feasibility of using
virtual reality technology in the art of film creation course.

2.2 Curriculum and Teaching of Film Art Creation

The Film Art Creation course was created to train excellent film practitioners and talents
in all sectors of the filmcreation process, and is a highly practical and professional course,
As a highly practical discipline, researchers are committed to reforming education in
ways that enhance the effectiveness of practical learning in the area of innovation in
teaching methods. Sasha A. Barab and Thomas M. Duffy of Indiana University explain
the concept of “field of practice” from the perspective of educational psychology, which
is a place of learning based on a campus or classroom environment, where functional
learning situations or environments are set up and created to achieve certain learning
objectives by setting up and creating functional learning situations or environments [9],
From the point of view of the “field of practice”, practical courses need to be developed
in a functional and practical context, creating a professional learning context that can
improve the inertia of knowledge caused by the traditional teaching model. The art of
film creation, as an art of film and television, is itself a multimodal and comprehensive
art, a discipline in which sound, image, animation, color and text are synergistically
applied, especially in the current context of new media and media convergence, where
new technologies and new ideas have become obsolete. The traditional teaching system
of theoretical courses plus observation courses cannot meet the contemporary trends
in film and television art education [10]. Therefore, the integration of virtual reality
technology and film creation art courses can break the bottleneck of traditional teaching
on top of practical classes and promote the reform of practical education with a hybrid
teaching mode. Schuenemann’s team has demonstrated in a study of the teaching meth-
ods in the subject of audiovisual language that students develop short films using a digital
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platform and then use the virtual platform again for post-production work after shooting,
an innovative and effective practical teaching of audiovisual language that makes the
film-making process more flexible in terms of workplace and time, optimising media
production. In addition, the use of digital communications in the development and com-
pletion of a film is closer to professional filmmaking standards than putting audiovisual
content on a classroom screen [11]. To sum up, as a practical course, what is needed
is an innovation of the teaching method and a comprehensive training programme for
talents, and a reform of the education method following the progress of film technology.

3 Experiment Design

3.1 Participant

In this study, 16 students (8 male and 8 female) were randomly selected from a school
in China as the control group and 16 students (8 male and 8 female) as the experimental
group. There were no major differences in the basic information of the two groups, and
all of them had taken a preliminary course on film art creation and had a preliminary
knowledge of film creation. The control group used the traditional teaching mode, with
the teacher teaching knowledge and operating demonstrations, while the experimental
group used virtual reality technology for teaching, with the teacher using virtual reality
for classroom teaching and the students using VR for learning. All the teaching activities
of this experiment were conducted by a professor with a high level of knowledge and
experience in teaching film creation formany years, and it was ensured that there were no
major differences in the prior knowledge of the two groups before the teaching activities
began.

3.2 Measuring Tools

The research instrument for this study was a questionnaire measuring two aspects of
students’ interest in learning and their confidence in learning. The questionnaires were
divided into two different questionnaires for the experimental and control groups, each
containing eight questions on a scale of 1–5.

3.3 Experimental Process

The experimental process is shown in Fig. 1. Before the experiment began, the professor
introduced the film art creation course and gave a preliminary explanation of the relevant
knowledge. After the initial presentation, the students in the experimental group were
taught using virtual reality technology, while the students in the control group were
taught in the traditional way.
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Fig. 1. The experimental process

4 Experimental Results

4.1 Analysis of Interest in Learning

The independent sample t-test was used to analyse the differences between the experi-
mental and control groups in terms of both confidence in learning and interest in learning
in the process of participation in the film art creation course. The analysis of interest
in learning, using the independent sample t-test method to analyse the experimental
and control groups’ knowledge of the film creation process, as shown in the Table 1 of
differences between the experimental and control groups, showed that the familiarity
with the content of the film art creation course: showed a 0.01 level of significance
(t = −3.696, p = 0.001), as well as specific comparative differences can be seen, the
experimental group’s mean (2.25), which was significantly lower than the mean of the
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control group (3.19). The level of interest in the film art and creative writing course
was significant at the 0.01 level (t = −3.360, p = 0.002), and the difference in specific
comparisons showed that the mean of the experimental group (2.13) was significantly
lower than the mean of the control group (3.06). Satisfaction with the mode of delivery
of the film art creation course: showing a 0.05 level of significance (t = −2.259, p =
0.031), as well as specific comparative differences, the mean of the experimental group
(2.31) was significantly lower than the mean of the control group (2.94). Initiative in the
film art creation course: showed a 0.01 level of significance (t = 2.936, p = 0.006), as
well as a specific comparison difference which shows that the mean of the experimental
group (2.31), was significantly higher than the mean of the control group (1.69). The
total score showed a 0.05 level of significance (t = −2.654, p = 0.013), as well as a
specific comparison difference that shows that the mean of the total score of interest
in learning in the experimental group (9.00) is significantly lower than the mean of the
control group (10.88). In conclusion, it can be seen that the experimental and control
groups showed significant differences in the effects of their participation in the film
art creation course in terms of interest in learning. Students who underwent immersive
film art creation classes with virtual reality participation were generally somewhat more
engaged, satisfied, interactive and knowledgeable than those who received traditional
lectures. Students in the control group reported that the class was not very interesting,
that it was difficult to be enthusiastic, and that they did not gain much knowledge of
the basic content of the course, making them fewer effective learners. Students in the
experimental group generally reported that they were more engaged in classroom inter-
actions, gained more knowledge in the same amount of time, and were more satisfied
and focused on the class than the control group.

Table 1. Research findings on learning interest

Learning interest group N average SD t p

Familiarity with the content of the
film art creation course

Traditional 16 2.25 0.683 −3.696 0.001**

VR 16 3.19 0.705

Satisfaction with the mode of delivery
of the film art creation course

Traditional 16 2.31 0.704 −2.259 0.031*

VR 16 2.94 0.854

Level of interest in the film art
creation course

Traditional 16 2.13 0.806 −3.360 0.002**

VR 16 3.06 0.772

Initiative in the film art creation
course

Traditional 16 2.31 0.602 2.936 0.006**

VR 16 1.69 0.602

Total Traditional 16 9.00 2.066 −2.654 0.013*

VR 16 10.88 1.928
* p < .05** p < .01
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4.2 Analysis of Confidence in Learning

The independent samples t-test was used to analyse the learning confidence of the exper-
imental and control groups on the process of film creation, as shown in Table 2. The
results of the study showed that the knowledge of the process of film art creation: showed
a 0.01 level of significance (t = −3.220, p = 0.003), as well as specific comparative
differences can be seen that the mean of the experimental group (1.56), would be sig-
nificantly lower than that of the control group mean (2.25). The level of difficulty of
the film art creation course was found to be significant at the 0.01 level (t = 2.825, p =
0.008), and the difference between the experimental group’s mean (2.63) and the control
group’s mean (2.00) was found to be significantly higher. Familiarity with the practical
venue of the film art creation course: a 0.01 level of significance (t = −5.222, p =
0.000), as well as a specific difference in comparison, shows that the mean of the exper-
imental group (1.50) is significantly lower than the mean of the control group (2.56).
The total score showed a 0.051 level of significance (t = −2.693, p = 0.011), as well
as a specific difference in comparison, which shows that the mean of the total learning
confidence score for the experimental group (5.69) is significantly lower than the mean
of the control group (6.81). In conclusion, it can be seen that the experimental group
and the control group showed significant differences in their effectiveness in terms of
learning confidence after participating in the film art creation course. When comparing
the students in the experimental group with those in the control group, the students in the
experimental group generally outperformed the students in the control group in terms
of their knowledge of the film art creation process, their familiarity with film sets and
their perceived difficulty level of the film art creation course. The students in the con-
trol group, who were still receiving traditional lectures, had difficulty in understanding
specifically the knowledge of the film shooting process throughwritten and oral accounts
of its It was also difficult for the control students to understand the professional filming
environment in their subjective imagination, and the course was more difficult for the
control students because most of the time the process was relayed by the teacher through
text and images, unlike the immersive participation of the experimental students. This

Table 2. Research findings on learning confidence

Learning confidence group N average SD t p

Level of knowledge of the process of
creating film art

Traditional 16 1.56 0.629 −3.220 0.003**

VR 16 2.25 0.577

Perceived level of difficulty of the film
art creation course

Traditional 16 2.63 0.619 2.825 0.008**

VR 16 2.00 0.632

Familiarity with the practical venue of
the film art creation course

Traditional 16 1.50 0.632 −5.222 0.000**

VR 16 2.56 0.512

Total Traditional 16 5.69 1.448 −2.693 0.011**

VR 16 6.81 0.834
* p < .05** p < .01



The Application of Cross-Cultural Context Fusion Virtual Reality Technology 59

shows that virtual reality technology can be very helpful in the deliverymode of practical
classes, reducing the sense of tedium and boredom brought about by traditional classes,
increasing students’ interest, accessing information through more senses, improving the
efficiency of learning and reducing the difficulty of learning.

5 Discussion and Conclusions

It is evident from this experimental study that, firstly, students who participated in the
film art creation course with the integration of virtual reality technology were more
interested and confident in learning compared to those who participated in the traditional
classroom learning. Secondly, students who participated in a film art creation coursewith
the integration of virtual reality technology were more proactive in interacting with the
teacher andmore satisfiedwith theway the classwas taughtwithVR technology. Thirdly,
students who participate in a film art creation course with virtual reality integration are
able to acquire knowledge more efficiently and are more familiar with the practical
environment than students in a traditional classroom. For practical courses such as film
artistry, the traditional educational model, which relies on teacher-student interaction, is
relatively boring and hardly satisfies the sense of vitality and engagement that practical
courses should maintain. In teaching practice, film art creation often involves knowledge
frommany different majors and fields, so the requirements for students’ practical ability
and operational skills are relatively high. This requires university teachers to constantly
change their teaching ideas, follow the current market development rules, and link the
teaching method of combining virtual reality technology and traditional classrooms
with film art creation courses, in order to cope with the film market’s requirements for
talents’ abilities and meet the increasingly developing film creation technology. The
integration of virtual reality technology into the university classroom not only enhances
students’ interest and confidence in learning, but also to a certain extent reduces human
and financial resources for universities to carry out teaching activities, improves the
quality of teaching in practical courses and cultivates higher quality andmore technically
proficient talents in the film industry. From a cross-cultural perspective, the current
boom of the Internet, the innovative reform of virtual reality technology in film creation
education also provides ideas and possibilities for teaching reforms in universities in
different countries and regions around the world, and further promotes the advancement
of professional education in film art creation worldwide. With the help of virtual reality
technology, the reduction of geographical differences in education on the creative art of
film can add to the further development of film education in the world in the future and
can also contribute to the common development of global cinema.

Based on the results of this study, it is possible to offer some suggestions and per-
spectives for future research on VR practices in film art creation: the first point is that
the use of virtual reality technology in practical classes should be adapted to different
practical classes through different technical means, and that a single experiment still has
limitations that are not interoperable. Secondly, too small a sample size can also lead to
less precise experiments and should be more diverse, taking into account the different
circumstances and roles of different samples to further enhance the professionalism of
the experiment. Finally, the various technical problems that will arise in practice with
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virtual reality are still unpredictable and will need to be upgraded in the course of con-
tinuous pedagogical reform, and these are directions that can be studied and focused on
later.
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Abstract. Objectives:With the development of the times, the group of students
who love art and participate in art practice activities is getting bigger and bigger,
and the related courses in colleges and universities are getting more attention and
financial investment. The traditional teaching of practical art courses requires stu-
dents to have a certain knowledge base of the course, and then to operate it through
practical tools to a venue with relevant conditions. Based on this, the art practice
course need to take more manpower, material and time. In addition, considering
the different cultural backgrounds of students, coupled with uncontrollable fac-
tors such as weather conditions, venue arrangements, and virus transmission, this
also has a worse impact on the actual teaching. This study applies virtual reality
technology to the art practice course, carries out virtual simulation experimen-
tal teaching, crosses the limitation of time and space, creates realistic learning
situations for students, and achieves a high degree of integration of “virtual envi-
ronment+real operation”, so as to improve the teaching effect of the art practice
course.

The development of art practice courses is an important process of combining
theory and practice, but in the traditional teaching process there is a problem
of “emphasizing theory but not understanding”. The teachers’ teaching method
is single and ignores the importance of comprehension learning. In addition, the
arrangement of the course takes a lot of teachers’ efforts and the executability of the
teaching is greatly reduced. Besides, in the context of globalization, intercultural
design practice courses have come into the public eye, but the actual teaching effect
is not gooddue to theproblemsof cultural span and thedifferenceof understanding.
How teachers can create the right context to make the transmission of intercultural
design knowledge more profound and the teaching process more interesting and
intuitive is an urgent problem to be solved.

The virtual reality technology with three characteristics of immersion, inter-
action and imagination has basically solved the existing problems of teaching
art practice courses. It uses 3D graphics generation technology and multi-sensing
interaction technology togenerate 3D realistic virtual environments. Students enter
the simulated virtual environment through the unique interactive equipment, and
can feel the real teaching situation as well as the artistic atmosphere. In this way,
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not only does it improve the feasibility of teaching and the cultural inclusiveness
of the course, but it also improves the fun and interactive nature of the course.

Methods:The subjects of this studywere selected from two classes of second-
year art departments of a Chinese university, from which 30 students were ran-
domly selected each, one group as the control group (15 male and 15 female
students) and the other group as the experimental group (15 male and 15 female
students). The students in both groups had the same curriculum-related education
content, the same level, and had a preliminary understanding of the art practice
curriculum. For the students in the control group, the traditional teaching method
is adopted. The teacher teaches the knowledge in the classroom, and then goes
to the designated place for practical operation; for the students in the experimen-
tal group, the teaching method of combining virtual reality technology with the
curriculum is adopted, and the teacher completes the construction of the virtual
practice scene through VR technology, and teaches the art practice in the virtual
environment while explaining the knowledge. Before teaching, pre-test question-
naires of students’ knowledge will be conducted to ensure that there are no major
differences in the prior knowledge of the experimental subjects; after the teach-
ing, relevant questionnaires will be conducted according to the students’ learning
situation and classroom effect. Finally, the questionnaire data were analyzed and
the experimental results were recorded.

Results: The comparison of the experimental results shows that: in terms
of questionnaire score, the average performance of the experimental group is
significantly higher than that of the control group; in terms of teaching effect and
feedback, students in the experimental group are significantly more interested and
enthusiastic in learning, more satisfied, and hold more positive evaluation of the
teaching method; In terms of cultural differences, students in the experimental
group had a good acceptance and enjoyment of the course. In contrast, students
in the control group all clearly indicated that the course content was boring and
less attractive.

Conclusions: This study found that the introduction of virtual reality tech-
nology into art practice courses can improve students’ motivation and largely
solve the problem of traditional teaching methods being boring. The use of “vir-
tual technology+reality teaching” can allow more students from different cultural
backgrounds to enjoy the convenience of teaching and truly participate in the
virtual environment, reducing the inevitable alienation problem of cross-cultural
design teaching and enabling students to have a deeper and more comprehensive
absorption and mastery of art practice knowledge.

In addition, because virtual reality technology has not yet reached the level of
popular application, its technology is still being updated and iterated, and it is still
to be examined in terms of stability and operability. Therefore, the actual teaching
application needs to be more rigorous and serious dialectical treatment.

Keywords: VR technology · Art Practice Course · Intercultural Course Design

1 Introduction

The content of art practice courses covers a wide range of subjects, including music,
exhibition, painting, sculpture, etc. It has good effect in cultivating the comprehensive
quality, aesthetic ability and creative ability of contemporary students. This has also
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contributed to a certain extent to the rapid development of art practice courses in various
universities in different cultural contexts [1]. However, the course requires not only the
teacher to teach and explain the knowledge, but also the students to have real hands-
on practice. The traditional art practice courses require offline venue arrangement, tool
preparation, testing and other tedious aspects, which require greater effort in terms
of manpower, material and time. In addition, the global spread of Covid-19 epidemic
has reinforced the uncertainty of teaching and learning arrangements [2]. Despite the
addition of online education, students are still unable to truly acquire knowledge of art
practice in terms of practice acquisition [3]. Through the use of virtual reality technology,
the required practical teaching environment can be provided to students. In addition to
having the effect of immersion and strong realism, it brings a great improvement to
the teaching feasibility and effectiveness. The purpose of this study is to explore the
problems associated with traditional teaching by creating a three-dimensional, virtual
practice environment to achieve a high degree of integration of “virtual environment+real
operation”. This study uses virtual reality technology to explore its impact on students’
learning interests and learning outcomes in the application of cross-cultural art practice
courses.

Art practice courses are an important part of developing students’ artistic thinking as
well as their artistic practice skills, which play an important role in their academic life [4].
However, in the traditional teaching mode, teaching is usually mainly lecture-based and
practice is supplementary. The practical part of the course also has all kinds of problems,
making students unable to really feel the charm of art practice. Eventually, students lose
their enthusiasm and interest in the course, which reduces the teaching effect. At the
same time, it is difficult to meet the learning needs of students with different cultural
backgrounds and barriers by following a rigid teachingmodel. Andwith the development
of globalization, the importance of intercultural teaching is also increasing [5]. How can
we eliminate cultural differences to the greatest extent possible, so that the knowledge
of art practice courses can reach people’s hearts and minds is an imminent problem to
be solved.

The introduction of virtual reality technology into teaching can create interactive
three-dimensional dynamic visions and promote the integration of practice space and
cyberspace [6]. It can more easily bring students into practice sites with an artistic
atmosphere and lift the limitations of art practice courses in terms of space, time,weather,
and other condition factors. Through the application of virtual reality technology, it
is possible to break the inherent mode of traditional teaching and reproduce realistic,
diverse and low-cost practice environments of all kinds. This allows students to create
a variety of artworks through practical operations in a real-world environment with an
artistic atmosphere, allowing them to feel the real sense of perceiving, understanding
and creating beauty. This stimulates greater anticipation and enthusiasm for the class,
and also enhances the learning experience and the learning effect.
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2 Literature Review

2.1 Art Practice Courses and Teaching

The art practice curriculum is a new type of curriculum born in the experiment of
basic education reform. It advocates that teaching and learning should have a hands-
on, participatory component along with the transmission of knowledge. It is in the
process of carrying out practical work in art courses that students can really put into
practice the theories they have learned in textbooks through practical activities. Students
learn from this experience, optimize their knowledge structure and achieve a learning
outcome that unifies theory and practice [7]. In recent years, colleges and universities
have been paying more and more attention to art education. In addition to the study
of professional knowledge, students have to devote themselves to diverse art practice
courses and participate extensively in art practice learning. As a result, it is possible to
improve the practical and creative abilities of students in all aspects. This promotes the
development of aesthetic education while bringing art back to life and giving it a new
lease of life. In the midst of an epidemic around the world, universities and colleges
around the world have launched an online education model of “classes suspended but
learning continues” [8]. InSehranDilmac’s study, it can be learned that students taking art
classes through distance education have less problems with technology, especially some
of thosewho need to be in art classes. Students believe thatmany educational frameworks
and elements of art courses are already available online: for example, applied works
performed during the course can be organized in virtual exhibitions, different drawing
applications (“Autodesk SketchBook”) can be used on their cell phones; virtual trips
to museums and historical works can be guided by lecturers and students can conduct
amateur research [9].

The art practice curriculum plays a very important role in the training of educational
personnel. It develops students’ ability to translate what they learn in the classroom
into practical application skills [10]. From the actual teaching needs as well as teaching
trends, the proportion of practical sessions has been greatly increased in the design of
various art courses. The traditional art practice teaching is based on offline teaching
mode, point to point, face to face with students. Various factors, such as the preparation
of the venue, time schedule, weather and students’ cultural background, can affect the
course. In the learning process, the weight of theory and practice is not equally dis-
tributed. The practical part is often not as effective as it could be due to the limitations
of the conditions, resulting in students not being able to access the appropriate practical
environment at anytime and anywhere. The creation of art often requires the creation
of an atmosphere and environment. In reality, it is difficult to achieve the ideal artistic
environment with low cost and low investment. Most of the hands-on courses are briefly
introduced through pictures, text and videos, without giving students the actual sensory
experience to learn, experience and summarize. It is clear from numerous studies and
surveys that the importance of teaching art courses cannot be underestimated. Many
college courses and even art courses have introduced virtual teaching methods for teach-
ing assistance, including online platform interaction, personal homework upload and
correction, virtual exhibitions, virtual artworks, etc., to help teachers’ teaching go more
smoothly and students’ knowledge absorption go deeper. However, innovation in the
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teaching mode of relevant practice courses has yet to be explored, and there is even less
in art practice. This has resulted in students not being able to engage in the freedom of
artistic practice in a good environment. Therefore, further exploration and innovation
are still needed regarding the upgrade and change of teaching methods for art practice
courses. In addition, the arrival of the Covid-19 epidemic also makes the development of
offline practice much more difficult. Teaching arrangements have also had to shift from
face-to-face lectures to an online virtual teaching model [11]. How to break through the
traditional teaching mode and achieve the ideal teaching effect in the development of
online education has become a problem that needs to be explored and solved.

2.2 Virtual Reality Technology

Virtual reality is a new practical technology developed in the 20th century. As the name
implies, it combines virtual and reality with each other and generates a pre-defined sim-
ulation environment through high-speed computer computing, where users can immerse
themselves in the simulation environment and experience themost realistic feelings [12].
And it combines with school informatization with unique charm, highlighting its unique
advantages in educational applications. Due to the characteristics of virtual reality tech-
nology such as immersion, simulation, interaction, and conception [13], combined with
the actual operation, it can create a learning environment of intelligent education in the
educational process. It allows for more diverse teaching designs and higher feasibility of
teaching environment creation. This is used to develop students’ innovation and practical
skills in the long term and to form different teaching methods and educational wisdom.
In addition, research shows that educators want to take advantage of the immersive qual-
ities that today’s technology can provide as a way to engage students in a wide range of
learning activities. Students have the opportunity to use the simulated environment to
explore the dimensions and pitfalls of the scenario. It is this type of stimulating iterative
process, learning by doing, that attracts today’s educators to use VR technology to teach
their courses. The use of virtual reality technology in teaching and learning is gradually
becoming more and more common. In medicine, for example, it is possible to perform
rapid three-dimensional (3D) reconstructions in virtual reality (VR) conditions. The
surgical simulation allows a more visual and detailed understanding of the anatomical
relationships of the surgical area. Although this technology can be better used for teach-
ing skull base tumor neurosurgery [14], it is not widely available due to technical as well
as financial reasons. Furthermore, in Edoardo DegliInnocenti’s research, the VR4EDU
framework was proposed. It is a VR-based learning tool that uses spatial learning and
immersive listening to support hands-on music lessons in elementary school. It is at an
early stage, but has some practical results in application [15]. In a study by Wei-Long
Wu’s team, a more accessible, interactive spherical video-based immersive virtual real-
ity (SV-IVR) approach was used in a teaching model for a landscape planning course.
They developed a landscape architecture SV-IVR learning system that helped students to
improve and enhance their academic performance and attitude [16]. It is obvious that the
teaching application of virtual reality technology has penetrated all aspects of society,
and its advantages are highlighted in online education. However, the application of this
technology is still mostly at the primary and secondary education level, and it has not
been developed in all aspects. In addition, studies have shown that virtual reality is still
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underused in the teaching and learning process of university courses. Among them, the
use of the technology in the integration of the practical part of art courses is almost absent.
The essence of the application of virtual reality technology in education is to give full
play to the advantages and role of online teaching from the internal needs of students, so
as to achieve the sharing and interoperability of high-quality courses. Therefore, acceler-
ating the application of this technology in art practice courses in higher education is also
urgent and requires more exploration and research. Under the impact of the Covid-19
epidemic, it has become a necessary trend of the times to put technology into use in
education and the innovation and expansion of all types of curricula [17].

3 Experiment Design

In order to fully investigate the effectiveness of virtual reality technology in art practice
courses and to achieve the effect of improving teaching effectiveness, this experiment
combined virtual reality technology with a practice course in the art department of a
Chinese university. Among them, the art practice course as a mandatory course for
college art students, the course is divided into two parts: theoretical knowledge teaching
session and practical operation session. This experiment was divided into two groups:
the experimental group and the control group. The experimental group’s course content
is the introduction of virtual reality technology into the art practice teaching process,
through which students can listen and learn at the same time during the teaching process.
The course content of the control group is taught by the teacher in the classroom through
traditional teaching methods to explain the content exhibition of the art practice course.
In this process, students learn accordingly. The purpose of this study is to investigate: the
impact of the integration of innovative virtual reality technologies on students’ learning
experience and related aspects of learning outcomes in a hands-on art course.

3.1 Participant

The experimental subjects selected for this study were from two classes in the second-
year art department of a university in China. From them, 30 students (15 male and
15 female) were randomly selected as the experimental group; 30 students (15 male
and 15 female) were selected as the control group. These two groups of students had
basically the same grades and similar knowledge of the art practice curriculum, and
they both had a preliminary understanding of relevant art knowledge. The experimental
group used virtual reality technology and integrated it into the teaching of art practice
courses, allowing students to listen and learn in a created virtual environment. The
control group used the traditional teaching method. The teacher teaches relevant art
knowledge followed by appropriate explanations and demonstrations. Both groups were
taught for the same length of time, in the same classroom setting, and by the same teacher
with many years of teaching experience. Before starting the experiment, the two groups
of students were given a relevant pre-experimental questionnaire to ensure that their
existing relevant knowledge did not differ significantly. After the experiment begins, a
post-experiment test questionnaire will be administered to analyze and summarize the
learning experience and effects.
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3.2 Measuring Tools

The measurement tools for this study were: a questionnaire for pre-experimental test-
ing and a questionnaire for post-experimental testing. The questionnaire consists of 10
questions and is divided into two parts: learning feelings and learning effects. There are
six questions in the learning perception section with a score of 1–5, and four questions
in the learning effect section with a score of 1–5.

3.3 Experimental Process

The experimental procedure is shown in Fig. 1. Before the start of the formal course, pre-
experimental test questionnaires were administered separately to students in the experi-
mental and control groups as a way to ensure that their basic knowledge and knowledge
base of the course did not differ significantly, and classroom instruction followed. Stu-
dents in the experimental group were taught using virtual technology integrated with
innovative teaching methods; students in the control group were taught using traditional
teaching methods. At the end of the course, a questionnaire of the same length will be
filled out and distributed. This is to ensure that each student fills in the questionnaire to
test their learning experience and effectiveness.

Fig. 1. The experimental process
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4 Experimental Results

4.1 Analysis of Learning Experience

This experiment uses t-tests to analyze students’ perceptions of learning in a hands-on art
course using traditional teachingmethods and using virtual reality technology integrated
into the classroom.

From Table 1, for the overall classroom atmosphere: level significance of 0.01 (t =
−3.469, p= 0.001), the mean of the experimental group (3.70) is greater than the mean
of the control group (2.60).

For the effect of the introduction method of the new lesson: the level significance
was 0.01 (t = −4.172, p = 0.000) and the mean of the experimental group (3.67) was
greater than the mean of the control group (2.43).

For the degree of knowledge absorption: the level significance was 0.01 (t=−4.137,
p= 0.000) and the mean of the experimental group (3.90) was greater than the mean of
the control group (2.60).

For student participation in learning: level significance was 0.01 (t = −2.939, p =
0.005) and the mean of the experimental group (3.57) was greater than the mean of the
control group (2.70).

For the idea that if the same type of class is taught next time, the students: the level
of significance is 0.01 (t =−3.572, p= 0.001) and the mean of the experimental group
(3.83) is greater than the mean of the control group (2.67).

for the overall effectiveness of the class: the level significance was 0.01 (t =−4.083,
p= 0.000) and the mean of the experimental group (3.83) was greater than the mean of
the control group (2.60).

The above combination shows that there is a significant difference in the learning
experience between the virtual reality-in-classroom approach and the traditional app-
roach. Themean scores of the questionnaire for the virtual reality-in-classroom approach
were higher than those of the traditional approach.

4.2 Analysis of Learning Effect

This experiment used a t-test to study and analyze: students’ learning effect in the art
practice course using traditional teaching methods and using virtual reality technology
integrated into the classroom, respectively.

From Table 2, it can be seen that the level of students’ knowledge understanding:
the level significance was 0.01 (t = -2.901, p = 0.005) and the mean value of the
experimental group (3.57) was greater than the mean value of the control group (2.70).

For students’ learning perceptions: level significance was 0.01 (t = -4.139, p =
0.000) and the mean of the experimental group (3.80) was greater than the mean of the
control group (2.47).

For the learning assistance provided by the teacher: level significance was 0.01 (t =
−2.924, p= 0.005) and the mean of the experimental group (3.53) was greater than the
mean of the control group (2.63).

For students’ learning enthusiasm: the level significance is 0.01 (t = -2.967, p =
0.004) and the mean of the experimental group (3.67) is greater than the mean of the
control group (2.77).
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Table1. Research findings on learning experience

Learning experience group N average SD t p

Overall classroom atmosphere Traditional 30 2.60 1.28 −3.469 0.001**

VR 30 3.70 1.18

Effect of new lesson introduction method Traditional 30 2.43 1.10 −4.172 0.000*

VR 30 3.67 1.18

Absorption of knowledge Traditional 30 2.60 1.35 −4.137 0.000*

VR 30 3.90 1.06

Student participation in learning Traditional 30 2.70 1.32 −2.939 0.005*

VR 30 3.57 0.94

The students’ idea of taking the same class
next time is

Traditional 30 2.67 1.42 −3.572 0.001**

VR 30 3.83 1.09

The overall effect of the classroom Traditional 30 2.60 1.10 −4.083 0.000*

VR 30 3.83 1.23
* p < .05** p < .01

The above synthesis shows that in terms of learning effectiveness, the teaching
method using virtual reality technology integrated into the classroom shows significant
differences from the traditional teaching method, and the mean of the questionnaires
obtained using virtual reality technology integrated into the classroom is higher than
that of the traditional teaching method.

Table 2. Research findings on learning effect

Learning effect group N average SD t p

Knowledge understanding Traditional 30 2.70 1.32 −2.901 0.005**

VR 30 3.57 0.97

Learning Comprehension Traditional 30 2.47 1.31 −4.139 0.000**

VR 30 3.80 1.19

Learning assistance provided by teacher Traditional 30 2.63 1.33 −2.924 0.005**

VR 30 3.53 1.04

Learning enthusiasm Traditional 30 2.77 1.19 −2.967 0.004**

VR 30 3.67 1.15
* p < .05** p < .01
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4.3 Result

The analysis of this experiment with the control group and the comparison of the exper-
imental results shows that the mean values of the experimental group on the scores of
each question in the questionnaire are greater than those of the control group. In terms of
learning experience, for students using traditional teaching methods, the overall class-
room atmosphere was relatively average, and the classroom was introduced in a way
that lacked novelty. Students’ absorption of knowledge is still shallow and their partic-
ipation in classroom interaction is low. For students using virtual reality technology to
integrate art practice, the introduction of the technology not only brings interest to the
classroom and attracts students to listen carefully, but also allows them to feel the cor-
responding artistic atmosphere in an immersive way. The overall classroom atmosphere
is good. In addition, the students showed that they have greater expectations for the
upcoming classes. It is clear that students have a better feeling and are more enthusiastic
about learning in a classroom where virtual reality technology is introduced. In terms of
learning effect, students who use traditional teaching methods are more average in their
perception of learning knowledge. They do not have a complete and full understanding
of the knowledge, their overall motivation to learn is low, and they feel more boring
about the teacher’s teaching methods. For students who use virtual reality technology
to integrate hands-on art learning, they feel that the knowledge is more accessible and
have a deeper sense of learning. Most of the students were clearly interested in learning
and thought that the teacher’s teaching methods made the class fresher and more inter-
esting. It is clear that students are more motivated, more focused, and therefore have
better learning outcomes in a classroom with virtual reality technology. In summary, the
introduction of VR technology helps students to have better learning performance in the
classroom and make them feel better in learning. At the same time, the final learning
effect achieved is also more considerable.

5 Discussion and Conclusions

From this study and the results of the study, we can learn that traditional teaching meth-
ods have gradually failed to meet the needs of students in the art practice course. In a
traditional art classroom, the scheduling of a practical lesson involves more influencing
factors: time, manpower, material resources and even weather conditions, which are
more limited. In addition, the rapid development of the Internet has accelerated the self-
evolution of education, making online education a hot commodity. This has added some
difficulty to the development and popularity of offline courses. And because of the prac-
tical, hands-on nature of the art practice course, it makes the course much more difficult
to teach. This study applies virtual reality technology to the art practice course and car-
ries out virtual simulation experiment teaching, which breaks the limitation of traditional
teaching methods and achieves a high degree of integration of “virtual environment+real
operation”. It helps students to immerse themselves in the corresponding environment,
which makes students’ learning interest and learning effect greatly improved. In addi-
tion, even when students from different cultural backgrounds are faced with the need to
develop corresponding cross-cultural teaching, it becomes easier to achieve.
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There is room for refinement in this study, and a larger and more diverse sample size
would allow for a more comprehensive and in-depth study. In addition, virtual reality
technology is not yet mature, and the application level is not yet popular. In the actual
teaching application, this needs to be dialectically treated, and attention needs to be paid
to teaching according to the material.

Funding. This research is supported by Xiamen Education Scientific Planning Project: Appli-
cation of VR in art design courses in the post-epidemic era Innovative Teaching Reform Study
(Funding Number: 22002).
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Abstract. Thousands of years of Chinese civilization have left a large number
of written records and other works in the form of paintings and sculptures in the
history of sexual culture. “Sexuality” is an expression of the primitive ancestors’
pursuit of happiness and hope for a prosperous career. It is a praise and aspiration
for the reproductive capacity of the biologicalworld, a customcommonly prevalent
in primitive societies, which is also the origin of sex symbol art. These sex-related
works have been controversial in the development of society, so their historical
and artistic characteristics have been marginalized and not well organized and
protected, but it is undeniable that they are an integral part of the historical devel-
opment. Therefore, this paper will analyze and discuss Chinese artworks related
to sex symbols, and study the perceptions and opinions of young art creators about
sex-related artworks, so as to understand whether such works have any influence
on young art creators and their creative ideas. It can be concluded that most of the
young art creators understand and know Chinese art works related to sex, and they
are able to accept such works and are willing to experiment with sex-related sym-
bols in their creations, and many young creators already have sex-related symbols
in their works. They believe that art should not be influenced by the outside world
and that art needs to be a true expression of their inner thoughts.

Keywords: Sexual art · Sexual symbols · Young art creators · Artworks ·
Symbolic perception

1 Introduction

The fact that eating and sex are basic human desires reflects the fact that ancient Chinese
inhabitants placed sexual activities on the same footing as compared to daily eating
activities [1]. Sexual artworks, such as literature, film and video, painting and other
forms of expression, are a means of expressing human consciousness in extremes that
do not exist in mainstream form [2]. In the process of changing national ideology, these
works are also playing different functions and roles for social development, guiding
people how to participate in social practices [3].

In sexual art works, we can often capture features such as buttocks, breasts, lips,
thighs, etc. that can show the process of sex in progress, and these things not only
represent their own properties, but also are given the meaning of “sex”, thus constituting
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a sex symbol with cultural connotation. Every artistic image can be said to be a symbol
or system of symbols with a specific meaning. In order to understand a work of art,
the artistic image must be understood, and in order to understand the artistic image, the
structure must be understood. As the denotative form of an object, the symbol has a
unifying function that generates humanity and shapes human culture. Sexual symbolic
art is created by the creator of art based on the analysis and interpretation of elements such
as human feelings and sexual activity [4]. The purpose of sex symbol art is also to delight
the viewer’s eyes, tantalize the viewer’s heart, and awaken the viewer’s lust [5]. In the
development of society, whether in the most popular or powerful sex symbol artworks,
or in the sex symbol artworks in museums to the merchandise found everywhere in
sex stores, all contain the function of arousing eroticism. Every social group has to be
exposed to things related to sexual symbols [6]. In addition, sex symbolic art also reflects
the social acceptance of sexual values and culture in the society [7].

Sexual symbolic art hasmany forms of expression. In the gears of history, the expres-
sions of sex symbol art have continued to progress with social development, from intu-
itive figurative expressions tometaphorical abstract expressions [8], constantly enriching
and reflecting people’s daily lives, providing cultural and social values. This paper intro-
duces and interprets the expression of artworks related to sex symbols, while conducting
a social survey of young people such as scholars, students, and artists who create art in
China based on the characteristics of sex symbol art, in order to gain a deeper under-
standing and explore the impact that sex symbol art brings to society and its future
potential.

2 Peripheral Design in Chinese Symbolic Art

Art about sexual symbols is common in people’s daily life, such as porcelain cups,
snuff bottles, pillows, porcelain sculptures, Chun Gong Tu and other products [9]. These
various forms of peripheral products, which appear in different forms of craft products,
not only reflect the metal smelting technology and craft technology of the time, but also
have great significance for further research on the historical development of Chinese sex
symbol peripheral products. According to the different functions of these products, this
paper divides them into three categories.

The first is the actual use of the function of sex tools. Such products are mainly
direct imitation of the shape of the sexual organs, and have part of the sexual function
of the product. The earliest of these was found in the tomb of King Jing of Zhongshan,
known as the Bronze Ancestor, a sexual instrument. The shape of the bronze ancestor
shows that it is mainly a symmetrical combination of the upper and lower male genitalia,
and each group contains two cases of sexual organs. From the morphological point of
view of the organ, its shape is mainly the simulation of the male genitalia of the penis,
which has been able to reflect the basicmorphological characteristics of the phallusmore
realistically. The inclusion of testicles makes the image of such sexual instruments more
concrete, according to the shape of Han Dynasty sexual instruments from another period
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excavated. Based on the technical limitations of the ColdWar era, the sexual instruments
that emerged from the Han Dynasty were mostly represented by copper products, and
occasionally other materials such as Chinese white jade, and in the Republican period,
with the development of the industrial revolution in China, rubber products began to
appear. In addition, the craftsmanship of the early sexual instruments was relatively low,
only a rough imitation of the genitalia, but from the copper gilt sexual instruments and
the rubber products of the Republican period presented below, the craftsmanship further
increased and the aesthetic sense was no longer limited to figurative. Finally, given that
most of these tools were produced during the feudal period, when patriarchal society
was the system, most of the sexual tools are mainly based on the simulation of male
genitalia (Fig. 1).

Fig. 1. Sexual instruments

The second is the imitation sexual instrument that symbolizes the sexual organ. These
tools are actually imitations of a certain form of the sexual organ, which are less intuitive
than the aforementioned sexual tools, and only invoke certain functions of the sexual
organ or change the form of the sexual organ to emphasize its decorative role. As shown
in the figure below, the porcelain cup on the left simulates the testicular form of the
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male genitalia, but its form is difficult to relate to the meaning of the sexual organ if not
inferred from the decorative writing attached to its surface, while the second ceramic
pot figure simulates the penis form of the male genitalia, whose body excludes the
possibility of other representations of the sexual organ, retaining only the straight form
and diminishing the utilitarian nature of the genitalia, and using sculptural techniques to
achieve a decorative effect. Compared to the twodrawings on the left, the two illustrations
of Qing Dynasty products on the right show a more lifelike use of such imitation class
tools. In the two boys form of the teapot, the top two-thirds of the pot is the upper body
sculpture of two boys, but in the lower half of the pot extends out of the spout is located
in a position that is generally the location of the male sex organs, which implies the
morphological characteristics of the male genitalia, and the excretory function of the
genitalia is linked to the pouring function of the teapot. In general, such tools are more
lifelike, generally in the form of tea sets appear more (Fig. 2).

Fig. 2. Ceramic products

The third is the decorative tool that implies sexual culture. The distribution of such
tools is more diverse, and because of the ease of manipulation of decorative elements,
they appear in a larger range of products, generally appearing as ceramic vessels, sculp-
tures, wood craft products, etc. According to the artistic shaping techniques of such



A Study of Young Art Creators’ Perceptions 77

tools, the article broadly classifies these products into two categories, one with pictorial-
based products and the other with sculptural forms. In general, these products are mostly
ceramic products, supplemented by simulated animal mating or male and female inter-
course as decoration to show the form, its craft reached its peak in the Qing Dynasty.
The two works of art shown below are Song dynasty clay pots, their surfaces engraved
in relief with a scene of two fish mating, but in terms of form, the pots themselves are
of a more rustic texture, and the coitus scene is depicted in a simpler manner (Fig. 3).

Fig. 3. Animal ceramic products

In addition, from the viewpoint of the excavated Qing dynasty products, the descrip-
tion of the sexual intercourse scene is not only more vivid and richer, but also more
diverse in product form. In the porcelain product shown in the figure below, the painting
form with the spring palace picture is used to describe the daily coitus scene of a man
and a woman, with richer color expression and more erotic posture, while the subject



78 X. Xu and S. Xu

matter is also decorated with decorative folding fans or daily objects next to the auxiliary
decoration, showing a more decorative overall, showing a rich aesthetic sense of sexual
intercourse. The porcelain pen container painted with sexual intercourse motifs on the
right are integrated in a combined form, in which not only are there multiple groups
of male and female intercourse scenes, but they are also decorated by the addition of
rockery and bamboo, which appear more often in literati paintings. It is thus evident that
these craft products of the QingDynasty, decorated with sexual culture, not only embody
the basic art of sexual intercourse, but also reveal the unique scholarly sentiments of the
Chinese literati (Fig. 4).

Fig. 4. Sex symbol painting daily necessities

3 Data Analysis

The survey for young art creators in this study was divided into two stages for data
collection, in order to more accurately and scientifically understand the views and opin-
ions of this group on artworks related to sex symbols. First, in the pre-survey stage, the
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main purpose was to test the applicability of the questionnaire, in order to make the
content of the questionnaire clear to the public, without creating ambiguity, ambiguity
and unintelligibility, in order to provide a reference basis for the subsequent revision and
optimization of the questionnaire, and to lay the foundation for the development of a for-
mal research program. Students and young art workers from several art colleges in China
were used as the target population for this study. The pre-survey phase was conducted
from December 23, 2021 to January 7, 2022, using offline questionnaire distribution to
collect a random sample of students and young workers who had received art education.
After conducting 20 surveys, this paper revised the questioning and presentation of some
questions, which was able to make the presentation of the questionnaire easier to read for
these groups. The official survey phase was conducted from April 5, 2022 to 2022, and
189 questionnaires were collected, of which 150 were valid and 39 were rejected. The
39 questionnaires included both homogeneous questionnaires with the same options and
those in which the art students had not been exposed to sexual art education during their
studies, so we excluded those who had not received such education in the questionnaire.

The following are the descriptive statistics of the sample for the general information
collected from the study subjects. From these descriptions, we find that: among the group
of respondents, there are 65 male groups, accounting for 43.3%, which is less in number
than the female group, which accounts for 56.67%. In terms of age level, students aged
18–22 years old accounted for the largest number, 43.33%, while students aged 30 years
old and above accounted for the smallest number, only 14.67%; in terms of education,
the total number of young art creators with bachelor’s degrees surveyed was 81, the In
terms of education, the number of young art creators with a bachelor’s degree was 81,
accounting for 54% of the total, while the number of masters was 50, accounting for
33.33%, and the number of doctors was the lowest, at 19, accounting for 12.7%; when
asked whether they had creative experience, only 57 art creators said they had such
experience, while a total of 93 artists had no such experience. This indicates that the
development of works related to sex symbolic art is still not in the mainstream in China,
and although they have received education on sex art, they still lack relevant practices;
when asked “do you actively pay attention to these works related to sex symbolic art”,
103 art Finally, among the surveyed groups, we also categorized the professional fields
of these young art creators, with painting accounting for the largest group, followed by
design, and less by film and television.

The second part of the questionnaire, which is the focus of this paper, was divided
into 10 questions. When asked if they had ever seen artworks related to sex symbols, 91
people said they had, while 59 people said they had never seen such artworks or art forms.
When asked whether these works of art related to sex symbols could serve the purpose
of sex education [10], 72 people thought that they could serve this function and could
be used to teach adults or minors about sex, while 78 people thought that they would
not use these works of art to teach themselves or their children about sex, but would
use other methods When asked whether these works of art related to sexual symbols
affect their perceptions of sexuality, 102 people thought that these works have made
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them think about sexuality, whether more openly or more conservatively. When asked
whether these works of art related to sexual symbols are free to express themselves, 86
people thought that it is allowed, and that art related to sexual symbols can be expressed
differently depending on individual differences, whether it is symbolic or not, while 64
people thought that its expression is bound by other factors, such as the shape of the male
genitalia is fixed, and therefore its expression can only be limited by the shape of themale
genitalia. And therefore its expression can only be expressed in the same or similar way
as it, and if it is not, it cannot represent this symbol; when asked whether the symbols
in these artworks related to sexual symbols are obvious, a total of 78 people think he
can delicately capture the wonderful symbols, beautiful lines, usage of bold colors, etc.
in these artworks, which together form a complete When asked whether these works of
art related to sexual symbols could be appreciated by you, 112 people said they would
be willing to buy them if they were accessible to them in their lives, while 38 people
said that although these works were distinctive, they were not. When asked what kind
of theme they could see in these artworks related to sex symbols, 15 people thought
they were meant to be conservative and subtle, 24 people thought they were meant to be
tense, and 68 people thought they were meant to be purely sexy. When asked what the
main characteristics of these artworks related to sex symbols were, a total of 40 people
thought that the form of creation was A total of 45 people thought it could convey a lot
of content and let me learn more about it. 30 people thought these works had a strong
traditional Chinese culture behind them, and were the product of a cultural society with
depth and connotation. A total of 15 people chose this other option, and they thought
the expression of these artworks should have more characteristics; when asked in what
aspects these artworks related to sex symbols could do better, a total of 55 people hoped
that the presentation of these artworks could be more diversified, and a total of 35 people
hoped that the Chinese culture it represents could be better inherited and developed A
total of 40 people hoped that the artworks would not show sexual desires too visually,
but should be expressed in a more abstract way so that they would not be used in an
awkward way, and 20 people hoped that the artworks would be presented in a more vivid
way so that the public could easily understand their meaning and essence.

From the above results, we can learn that today’s artworks related to sexual symbols
have been carried out in the vision of many young art creators, who hope that sexual
art with Chinese characteristics can be greatly developed, and they have also carried out
many art creations related to sexual symbols and produced various art products. Among
these groups, most of the young art creators understand and know Chinese sex-related
art works, and are willing to accept such works and experiment with sex-related symbols
in their creations, and many of them already have “sexuality”-related symbols in their
works (Table 1).
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Table 1. Sample description statistics

Category Item Quantity Proportion

Gender Male 65 43.3%

Female 85 56.67%

Age Age 18–22 65 43.33%

Age 22–26 30 20.00%

Age 26–29 33 22.00%

Over 30 years old 22 14.67%

Qualifications Undergraduates 81 54.00%

Postgraduate 50 33.00%

Doctor 19 12.70%

Experience in creating sexual artworks Yes 57 38.00%

No 93 62.00%

4 Conclusion

Sexuality, as one of the essential elements in people’s daily lives, is an important topic
explored by people all over the world, both in life practice and in academic research.
Based on the understanding of Chinese sex symbolic art, this article describes the current
peripheral products related to sex art that have social and cultural value, and introduces
and interprets them in order to allowmore people to gain insight into the unique Chinese
sex art and culture. In addition, the article initiates a social survey of young art workers
through a structured questionnaire, leading to general conclusions. This group is the
backbone of China’s art discipline or art industry development and has an important role
to play in the future development of Chinese sexual art, so it is feasible to select this group
for the study. We found that young art creators believe that art in this area is valuable or
has the potential to be valuable in the future, and that it can be used as an educational
tool to transmit sexual knowledge and serve as an initiation tool. In addition, more young
art creators believe that the expression of sexual art should be free and unrestricted, so
that the essential characteristics of sexual art can be revealed as much as possible in the
process of creation. Through these surveys, we can provide the general art workers and
scholars with directions for creation and research, and make relevant suggestions based
on them.

Chinese government departments, art associations, and higher education institutions
should increase investment in sex-related art education and create a general education
curriculumon sex art education for all students to guide them to a scientific understanding
of sex. Sexual art education is still a weak link in school education, and there are many
difficulties and problems. The situation of insufficient opening rate of art courses, small
participation in related activities, and shortage of teachers has not been fundamentally
improved, schools in remote areas lack basic art education, and the evaluation system of
sexual art education has not been established, which restrict the full play of the nurturing
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function of sexual art education. In the face of the new situation and new requirements,
schools must accelerate the development of sex art education from a new historical
starting point. Secondly, we should screen the general vulgar pornographic works and
noble sexual art works, to make students realize what the real sexual art is, so that
students will not be confused in their youth, from the psychological real recognition of
Chinese sexual symbolic art, generate a strong interest, and happywith to understand and
research about sexual art topics or to create related art works out, only in this way, China
Only in this way can Chinese sex art education flourish and gradually be recognized by
the whole country or even the whole world.
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Abstract. In 2020, the world was affected by the COVID-19 pandemic. Because
of the pandemic, consumers changed their lifestyles, becoming increasingly home-
based and preferring consumption habits that facilitate a healthy life. Conse-
quently, in numerous service industries that target on-site consumption, businesses
were suspended, and because creative tourism emphasizes on-site tourism experi-
ences, it was also substantially affected. Few studies have explored the consumer
behaviors of creative tourists during the COVID-19 pandemic. Thus, this study
aimed to characterize creative tourists and investigate their decisions and motiva-
tions to participate in creative tourism during the COVID-19 pandemic in Taiwan.
Data were collected at six creative-tourism attractions, and convenience sampling
was applied to perform a survey. The results revealed that women were predomi-
nant among creative tourists and that most tourists who traveled with their family
members to creative tourism destinations were middle-aged, highly educated and
middle-income or higher-income earners. Among the various characteristics of
tourist behaviors, the three key factors that influenced decision-making were local
characteristics, the atmosphere of a creative tourism destination, and personalized
experiences pertaining to handmade products. By contrast, on-site COVID-19 pre-
vention facilities were regarded as less important by tourists. These findings can
facilitate the deployment of creative tourism management strategies in response
to the COVID-19 pandemic.

Keywords: COVID-19 · Creative Tourism · Tourist Behavior · Consumer
Behavior · Creative Life Industry

1 Introduction

1.1 Research Background

Creative tourism is regarded as a key strategy for promoting creative industries; examples
of creative tourism include DIY Santa Fe in New Mexico, United States; the Nordic
Model; the Maori workshops held in New Zealand; and the creative life industry in
Taiwan [1, 2]. The Taiwanese government promoted Taiwan’s creative life industry
as a cultural and creative industry. A creative life industry is defined as an industry
that uses creativity to integrate the core knowledge of the life industry and provide in-
depth experiences and achieve high-quality aesthetics (e.g., food cultures, life aesthetics,
natural ecologies, fashion, cultural heritage, and crafts) [3].
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In 2020, the world, including Taiwan, was affected by the COVID-19 pandemic.
Because of the pandemic, consumers changed their lifestyles, becoming increasingly
home-based and preferring consumption habits that facilitate a healthy life [4]. Conse-
quently, in numerous service industries that target on-site consumption, businesses were
suspended, and because creative tourism emphasizes on-site tourism experiences, it was
also substantially affected.

Studies have examined the overall effects of theCOVID-19pandemic on tourism, and
they have explored areas such as tourism policies and tourist behaviors. Post-COVID-19
developments in the tourism industry, such as travel patterns that combine communities,
ecology, and culture to improve quality of life, have been studied by researchers. For
travel patterns, creative tourism is characterized by local in-depth experiences, which
promote the continual development of local traditions and lifestyles [5]. Given the effects
of the COVID-19 pandemic, a crucial aspect of contemporary tourism development is
reconsidering the patterns of tourism and tourist behaviors, including the profiles and
characteristics of tourist behaviors in the context of creative tourism. These topics can
contribute to the formulation of recommendations for creative life industry policymakers
and highlight the key role of creative tourism in Taiwan. Therefore, the profiles of
creative-tourism tourists should be studied, and the factors that influenced their activity
preferences and participation in creative-tourism activities should be identified.

1.2 Purpose

Fewstudies have explored the tourist behaviors in creative tourism following theCOVID-
19 pandemic. Therefore, the present study examined tourist behaviors in creative tourism
from a demand-side perspective. The aim of the present study was to explore the con-
sumer behaviors of creative-tourism tourists by determining the profile of tourists who
visit creative-tourism sites and understanding the elements that influence the tourism-
related decisions and motivations of tourists following the COVID-19 pandemic. In the
present study, several creative tourism sites in Taiwan with distinctive characteristics
were selected, and the tourists that visited them were surveyed to understand how their
behaviors, motivations, preferences, and consumption tendencies were influenced by the
COVID-19 pandemic.

The next subsection briefly reviews the theoretical literature on creative tourism and
the effects of the COVID-19 pandemic on tourist behaviors. Thereafter, the research
design of the present study is presented, followed by the results, discussion, and
conclusions and suggestions.

2 Literature Review

2.1 Creative Tourism

The United Nations Educational, Scientific and Cultural Organization (i.e., UNESCO)
defines creative tourism as “travel directed toward an engaged and authentic experience,
with participative learning in the arts, heritage, or special character of a place, and it
provides a connection with those who reside in this place and create this living culture”
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[6]. Creative tourism involves creative activities such as those related to painting, crafts,
pottery, cookery, winemaking, photography, dancing, and music. Smith [7] described
the evolution of creative tourism as follows: (1) tourists develop their creative potential,
interact with local people, and connect more strongly with the cultures of the countries
that they visit; (2) tourists tend to explore and express their creative potential while they
are on vacation, and they focus on activities and their relationships with themselves;
(3) tourists enjoy attractions and activities that are more closely connected with cre-
ative industries. With the diversification of cultural tourism and the evolution of tourist
motivations, the development of creative tourism has shifted from location-based cre-
ative activities to explorations and expressions of individual creative potential involving
linkages with creative industries [7–11].

The evolution of creative tourism is linked to the creative industries, which pro-
vide novel ways for creative-tourism tourists to interact with their destinations, thereby
increasing their engagement and generating new tourism demand [12]. Tourists engaging
in creative tourism can participate in diverse forms of tourism, and how creative-tourism
businesses determine the needs of tourists and develop creative-tourismmodels is a topic
that warrants further exploration [13]. Galvagno and Giaccone [14] proposed a shift in
research focus away frommacro perspectives based on the creative economy and culture
and toward the motivations, activities, and value creation pertaining to creative tourism
(i.e., micro perspectives).

Wessels and Douglas [15] explored the potential of creative tourism as a medium for
applying cultural and heritage resources in Kruger National Park (KNP) by determining
the profile of tourists that visit KNP and assessing their needs in relation to their visit.
They reported that tourists who traveled to KNP with their family were generally older,
highly educated, and extremely loyal to the KNP brand. Cheng and Chen [16] conceptu-
alized the construct of creative atmosphere in creative tourism and identified five types of
creative atmospheres, namely novel, pleasurable, artistic, hedonic, and distinctive atmo-
spheres. They expanded the concept of atmosphere from fixed interior spaces to open
spaces and creative products, activities, and individuals in an environment with creative
design characteristics. The literature on creative tourism indicates that a comprehensive
understanding of tourism behaviors can contribute to our understanding of tourist needs
in the context of creative tourism.

2.2 COVID-19 and Tourist Behaviors

Since 2020, tourismhas been among the industriesmost severely affected by theCOVID-
19 pandemic. Scholars have investigated the effects of the COVID-19 pandemic on
service industries, including the hospitality, retail, and leisure industries [17]. Studies
have reported the effects of the COVID-19 pandemic on the tourism industries of various
regions, such as Queensland, Australia [18]; Malaysia [19]; and Taiwan [20].

The COVID-19 pandemic changed the travel behaviors of tourists with respect to
their habits and preferences; specifically, it motivated them to increase their engagement
in outdoor activities [21], avoid overcrowded destinations, and go on local trips [22].
Assaf, Kock, and Tsionas [23] highlighted the necessity of understanding the psychology
of tourists with respect to their tourist behaviors and changing tourism patterns (e.g.,
preference for rural destinations, online experiences, and virtual tourism).
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Engel, Blackwell, and Miniard [24] defined consumer behaviors as the activities
related to acquiring, consuming, and interacting with products or services and the deci-
sions made before and after such activities. Schiffman and Wisenblit [25] proposed that
studies on consumer behaviors should examine the products purchased by consumers,
their reasons for purchasing such products, their means of purchase, their product usage
frequency, their postpurchase product reviews, and their intention to continue purchas-
ing such products. The values conveyed through consumer behaviors reflect the core
meaning of marketing.

Remoaldo et al. [26] highlighted that research on the profile of cultural tourists is
extensive, which contrasts with the limited literature on creative tourists. The profile and
characteristics of creative tourists is a complex topic that involves efforts from various
tourist groups (children, adults, and older adults) to seek authenticity, exclusivity, skill
learning, and contact with local people.

Richards and van der Ark studied the dimensions of consumption among tourists
[27]; they reported that women were more likely than men to exhibit a dynamic pattern
of cultural consumption and that cultural tourists differed considerably in terms of their
consumption of various types of cultural attractions. Huang, Chang, and Backman [28]
administered 395 survey questionnaires to study three creative-tourism attractions in
Taiwan; they discovered that individuals aged between 31 and 40 years accounted for
the largest proportion of the surveyed tourists and that women were predominant in
their sample (59.2%). Tan, Luh, and Kung [29] identified five types of creative tourists,
namely novelty seekers, knowledge seekers, skill learners, relaxation-oriented tourists,
and leisure-oriented tourists.

In 2020, Remoaldo et al. [26] conducted a study to investigate the motivations and
profile of creative tourists. They identified three types of creative tourists in Portugal,
namely novelty seekers, knowledge and skill learners, and leisure–creativity seekers.
They reported that women (63.8%) and individuals aged between 36 and 53 years
(37.6%) were predominant in their sample; they also discovered that most of their
respondents had a higher education degree, had a monthly income of between e1,001
and e2,500 (43%), and traveled with other people (90%).

Overall, analyses of the profile of tourists with respect to their sociodemographic
characteristics were based on in situ surveys of creative tourists. Because length of
stay, creative tourism activities, spending, and the consumption preferences of tourists
who could not visit tourist sites because of the COVID-19 pandemic were factors that
appeared to have affected tourism patterns, they were examined in the present study.

3 Research Methods

The present study aimed to understand the profile of tourists who participated in creative-
tourism activities and their motivations for doing so. A questionnaire was designed on
the basis of a literature review of the research on creative tourism, tourist behaviors, and
cultural tourist profiles. The questionnaire comprised 15 closed-ended questions that
focused on clarifying the behaviors and profile of respondents (i.e., tourists).

Part 1 of the questionnaire focused on the demographic characteristics of the sampled
respondents and included questions on a respondent’s age, gender, occupation, level of



Creative Tourist Behaviors During the COVID-19 Pandemic 89

education, income, place of residence, and the numbers of visits to a creative-tourism site.
Part 2 of the questionnaire consisted of nine items that covered three basic dimensions,
namely (1) the attitudes and motivations related to a visit to a creative-tourism site, (2)
the spending behaviors of a tourist, and (3) the basic elements of a tour (e.g., presence or
absence of travel companions). The questionnaire was refined through academic reviews
and pretesting.

Data were collected from six creative life businesses in Taiwan, namely Jioufen Tea-
house, the Taiwan CoalMineMuseum, ZhouYeCottage, The Cookies Expert in Taiwan,
Minxiong Kumquat Factory, and Digangarden. Convenience sampling was performed,
and both the paper-based and online versions of the questionnaire were administered to
tourists. At each site, 150 self-administered tourist surveys were administered between
August 11 and September 15, 2021. The surveys of tourists were conducted after they
had completed their visit to a creative tourism site. In total, 775 valid questionnaires were
collected and used in the data analysis of the present study. To analyze the collected data,
frequency statistics was analyzed using SPSS Statistics 14.0.

4 Results and Discussion

4.1 Profile of Tourists

A total of 775 valid questionnaires were collected, and the profile of the questionnaire
respondents is summarized in Table 1. Overall, 60.6% and 39.4% of the sample were
women and men, respectively. Approximately 87.5% of the respondents were younger
than 50 years, and only 12.5% were aged over 50 years. For age, the respondents aged
between 30 and 39 years (30.5%) accounted for the largest proportion of the sample, fol-
lowed by those aged between 40 and 49 years (29.0%), between 20 and 29 years (28.0%)
and between 50 and 59 years (9.7%). For educational background, the respondents who
held bachelor’s degrees (65.2%) accounted for the largest proportion of the sample,
followed by those who held master’s or higher degrees (18.9%), those who received
secondary school education (13.3%), and those who were not educated to the secondary
school level (2.6%). Overall, 84.1% of the respondents received tertiary education, sug-
gesting that creative tourists tend to be highly educated. The educational background
and age of tourists can influence tourist behaviors in the context of creative tourism.

For monthly income, the respondents with a monthly income of NT$30,001–
NT$45,000 (26.6%) accounted for the largest proportion of the sample, followedby those
with a monthly income of NT$45,001–NT$60,000 (22.6%), NT$15,000–NT$30,000
(17.8%), <NT$15,000 (17.2%), and >NT$60,000 (15.9%). This finding suggests that
the typical creative tourist is moderately wealthy. In total, 35% of the respondents had
a monthly income of <NT$30,000, and 65% had a monthly income of >NT$30,000.

For place of residence, 53.5% of the respondents were fromNorthern Taiwan, 29.8%
were from Central Taiwan, 13.4% were from Southern Taiwan, 3.0% were from Eastern
Taiwan, and 0.2% were from the outlying islands of Taiwan. Most of the respondents
were first-time visitors to the creative tourism destination where they were surveyed
(71.2%), 16.8% were second-time visitors, 4.8% were third-time visitors, and 7.2% had
visited the site where they were surveyed at least 4 times in 2 years.
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The present study revealed that the tourists who visited creative tourism attractions
were predominantly female (women vs. men, 60.6% vs. 39.4%). Most of the respon-
dents were older adults, had a high level of education, and visited the creative tourism
attractions with their families. These findings correspond to those reported by Huang
et al. [28], Wessels and Douglas [15], and Remoaldo et al. [26]. In the present study,
women were more interested than men in cultural consumption; this finding corresponds
to the results reported by Richards and van der Ark [27].

Table 1. Demographic characteristics of respondents.

Variable Category Total

N %

Gender Female 470 60.6

Male 305 39.4

Age 20–29 years 217 28.0

30–39 years 236 30.5

40–49 years 225 29.0

50–59 years 75 9.7

≥ 60 years 22 2.8

Educational level Lower than secondary school education 20 2.6

Secondary school education 103 13.3

Bachelor’s degree 505 65.2

Master’s or higher degree 145 18.9

Monthly income ≤ NT$15,000 133 17.2

NT$15,001–NT$30,000 138 17.8

NT$30,001–NT$45,000 206 26.6

NT$45,001–NT$60,000 175 22.6

> NT$60,000 123 15.9

Place of residence Northern Taiwan 414 53.5

Central Taiwan 230 29.8

Southern Taiwan 105 13.4

Eastern Taiwan 24 3.0

Outlying islands of Taiwan 2 0.2

Numbers of visit 1 552 71.2

2 130 16.8

3 37 4.8

≥4 56 7.2
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4.2 Behavioral Characteristics of Tourists

Table 2 presents the respondents’ attitudes and motivations with respect to their engage-
ment in creative tourism. In terms of the creative activities of the respondents in the past
2 years, food-based experiential activities (e.g. tea tasting, do-it-yourself [DIY] pastry,
and cooking; 35.9%) accounted for the largest proportion of such activities, followed
by experiences pertaining to handmade botanical or aromatic products (e.g. perfume,
horticulture, and floriculture; 18.6%), handicraft-related experiences (e.g. pottery, car-
pentry, dyeing, and weaving) (16.8%), fun activities (e.g., games for kids) (11.4%),
visual creations (e.g., painting; 9.3%) and industrial culture experiences (8.0%).

The three key factors that influenced the respondents’ decision to visit a creative-
tourism destination were local characteristics (20.5%), the atmosphere of a creative-
tourism destination (15.4%), and personalized experiences pertaining to handmade prod-
ucts (13.8%); the least crucial factor was the on-site COVID-19 prevention facilities of
a destination (2.4%). These findings indicate that local cultural characteristics and the
overall atmosphere of a destination site are key factors influencing the decision of tourists
to visit a creative tourism destination.

For the respondents’ motivations to visit a creative-tourism destination, 21.7% of
them were motivated by the opportunities to relax while visiting these destinations,
and 17.5% were interested in learning about different cultures; the other motivations
were acquiring an enriching life experience (14.6%), relieving stress (12.2%), enjoying
local landscapes (11.8%), increasing one’s knowledge (10.8%), learning about local
humanities and history (6.1%), and learning about local customs (5.3%).

For travel decisions, the present study revealed that the atmosphere of a creative-
tourism destination was a key influencing factor; this finding is comparable to that
of Cheng and Chen [16], who conceptualized the construct of creative atmosphere in
creative tourism. The survey of the present study was conducted between August 11
and September 15, 2021. During this period, international travel was curtailed and no
travel restrictions were imposed in Taiwan. The amount of on-site prevention facilities
for COVID-19 at a creative tourism destination was the least crucial influencing factor.
This result may be explained by the status of the creative tourism destinations (i.e.,
destinations selected for the survey),which aremainly located in unpopulated rural areas,
as safe destinations for tourists. By contrast, on-site COVID-19 prevention facilities are
a necessity for creative tourism attractions.

For the respondents’ motivations to engage in creative tourism, the findings pertain-
ing to relaxation and stress relief are similar to those identified by Remoaldo et al. [26]
with respect to creative tourists who were leisure–creativity seekers. The findings of the
present study with regard to increasing one’s knowledge, learning about local culture
and history, and learning about local customs correspond with those reported by Tan
et al. [29] and Remoaldo et al. [26]. Tan et al. [29] asserted that tourists are motivated to
visit a creative-tourism destination to gain knowledge. Remoaldo et al. [26] identified
knowledge and skill learners as a type of creative-tourism tourist in Portugal.

The importance of interactions with local people and other visitors was emphasized
in several studies, such as those conducted by Smith [7], Tan et al. [29], and Remoaldo
et al. [26]. By contrast, the present study reported different results; specifically, it revealed
that most respondents wanted to relax, learn about different cultures, and enrich their life
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experiences. Some tourists indicated that they were not highly motivated to learn more
about the creative-tourism destinations that they visited. Thus, although tour operators
should consider whether tourists are interested in learning more about creative tourism,
they should be aware that some comprehensive tours can be exhausting for tourists.

With the imposition of COVID-19 travel restrictions, tourists tended to purchase
experiential products or engage in home-based activities. Food-based experiential activ-
ities were most commonly cited by the respondents (e.g., tea tasting, DIY pastry, and
cooking; 36.1%), followed by handicraft experiences (e.g., pottery, carpentry, dyeing,
and weaving; 18.9%), experiences pertaining to handmade botanical or aromatic prod-
ucts (e.g., perfume, horticulture, and floriculture; 14.7%), visual creations (e.g., painting;
10.7%), fun activities (e.g., games for kids; 10.3%), and online guided tours (e.g., tours
and exhibitions; 9.3%). The present study revealed that tourists were more likely to
engage in life aesthetics-related experiences at home. Notably, online guided tours were
the activity least cited by the respondents, suggesting that tourists still prefer physical
guided tours.

A summary of tourist spending behavior is presented in Table 3. Approximately
29.1% of the respondents purchased products, followed by experiential activities (e.g.,
DIY; 23.7%), meals (22.0%), tickets (16.8%), accommodation (5.3%), and other prod-
ucts or services (3.0%). When creative tourism operators provide high-quality products
and experiences, they are more likely to attract tourists to purchase their products or ser-
vices. The accommodation provided by the creative-tourism sites examined in the present
study were small and only accounted for a small proportion of tourism spending.

Among the respondents, 40.4% spent <NT$500, 34.5% spent NT$501–NT$1,000,
17.8% spent NT$1,001–NT$2,000, 4.3% spent NT$2,001–NT$3,000, and 3.1% spent
≥NT$3,001. The amount ofmoney spent by the respondents was generally low. Notably,
only a small proportion of the respondents spent a large amount of money on creative
tourism (i.e., ≥NT$3,001).

For length of stay, most respondents (59%) stayed at the creative tourism sites that
they visited for ≤2 h, and 31.5% stayed for 2–4 h. The present study revealed that the
respondents were not highly interested in spending a considerable amount of time at a
creative-tourism site. It also revealed that creative-tourism operators tended to provide
short-term experiences.

Table 4 presents the basic elements of the tours conducted at the creative tourism
destinations. For travel companions, most respondents (67.4%) traveled with their fami-
lies, 11.9% traveled with their partners, 11.5% traveled with their friends, 7.0% traveled
alone, and 1.0% traveled with their coworkers. Most respondents obtained information
about the creative tourism sites that they visited through social networks (43.3%), fam-
ily and friends (25.7%), other channels (12.7%), media (TV, radio, and online news;
12.6%), and print media (5.7%).

The present study revealed that 74.9% of the respondents spent <NT$1,000, 90%
spent <4 h at creative-tourism destinations, and 59% spent <2 h at these destinations.
With respect to traveling companions, the respondents who traveled with their families
(including or excluding their children) accounted for the largest proportion of the sample
(68.4%).Thesefindings suggest that the products and services offered by creative tourism
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Table 2. Dimensions of tourist attitudes and motivations.

Variable Category Total

N %

Creative activities in the past 2 years
(multiple-choice item)

Food-based experiential activities 449 35.9

Handicraft experiences 210 16.8

Visual creations 116 9.3

Fun activities 143 11.4

Experiences pertaining to handmade
botanical or aromatic products

232 18.6

Industrial culture experiences 100 8.0

Top three factors influencing decision to
visit a destination (multiple-choice item)

Local characteristics 464 20.5

Atmosphere of a creative-tourism site 348 15.4

Featured goods 311 13.7

Personalized experiences pertaining
to handmade products

313 13.8

Diverse experiential activities 204 9.0

Brand reputation of a destination 142 6.3

Characteristics of cultural history 185 8.2

Accessibility of location 142 6.3

Visit made as a side trip 103 4.5

On-site COVID-19 prevention
facilities

54 2.4

Motivation-related items
(multiple-choice item)

Learning about different cultures 360 17.5

Enriching one’s life 300 14.6

Increasing one’s knowledge 221 10.8

Seeking relaxation 446 21.7

Relieving stress 251 12.2

Enjoying local landscapes 243 11.8

Experiencing local customs 108 5.3

(continued)
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Table 2. (continued)

Variable Category Total

N %

Learning about local humanities and
history

126 6.1

Purchases made at home during period in
which travel restrictions were imposed

Food-based experiential activities 457 36.1

Handicraft experiences 240 18.9

Visual creations 135 10.7

Fun activities 131 10.3

Experiences pertaining to handmade
botanical or aromatic products

186 14.7

Online guided tours 118 9.3

Table 3. Dimensions of tourist spending behavior.

Variable Category Total

N %

Purchases Tickets 199 16.8

Products 345 29.1

Experiential activities 281 23.7

Food 261 22.0

Accommodation 63 5.3

Others 36 3.0

Spending <NT$500 313 40.4

NT$501–NT$1,000 267 34.5

NT$1,001–NT$2,000 138 17.8

NT$2,001–NT$3,000 33 4.3

≥NT$3,001 24 3.1

Length of stay Under 2 h 457 59.0

2–4 h 244 31.5

4–8 h 35 4.5

8 h to 1 day 26 3.4

>1 day 13 1.7

may be more appealing to family travelers than to other types of travelers. To increase
the contribution of tourists, the appeal of various items should be improved.
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Table 4. Basic elements of tours.

Variable Category Total

N %

Source of tourism information
(multiple-choice item)

Media (TV, radio, and online news) 122 12.6

Social networks 420 43.3

Printed media 55 5.7

Friends, relatives, and coworkers 249 25.7

Others 123 12.7

Travel companion Alone 54 7.0

Family (excluding children) 163 21.0

Family (including children) 367 47.4

Partner 92 11.9

Friends 89 11.5

Coworkers 8 1.0

Others 2 0.3

Word-of-mouth through social networks and family and friends was the main source
of information for the respondents. Thus, assessing the satisfaction of tourists with their
tourist experiences is a key task. Social networks are crucial, especially those formed
through Facebook and Instagram. Media (television, radio, and online news) and print
media were not regarded by the respondents as key sources or useful sources of infor-
mation. Hence, strengthening the influences of social networks and tourist experiences
can be effective marketing strategies for attracting tourists.

5 Conclusions and Suggestions

The objectives of the present study were to characterize the profile of creative-tourism
tourists and their travelmotivations and behaviors in Taiwan. The present study described
the profiles and characteristics of the tourists who traveled during the COVID-19
pandemic, and it contributed to the limited research on Taiwan’s creative tourism.

The results of the present study have several implications. With regard to the first
objective of the present study, the tourists who traveled with their families to creative-
tourism destinations were generally middle-aged and highly educated individuals who
were middle-income or higher-income earners. In addition, given that almost a third of
the respondents were<30 years old, they could represent a potential market for creative
tourism inTaiwan.Among the respondents,mostwere fromNorthern Taiwan, and nearly
a third of them visited a creative-tourism destination more than twice. Consequently,
creative tourism operators should target tourists and focus on the key elements that can
increase tourist loyalty.
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For the second objective, which pertained to the behavioral characteristics of tourists,
three key factors that influenced decision-making were identified, namely local charac-
teristics, the atmosphere of a creative-tourism destination, and the personalized expe-
riences pertaining to handmade products. Therefore, creative tourism operators should
strengthen their local characteristics and creative atmosphere to address the concerns
of tourists. In addition, on-site COVID-19 prevention facilities were regarded as a less
important factor by the respondents. This result suggests that the respondents regarded
these facilities as a necessity rather than a factor that could influence their decision and
that the respondents preferred to visit creative-tourism attractions in rural areas. The
present study also revealed that most tourists were motivated by opportunities to relax,
learn about different cultures, and pursue enriching life experiences. Tourists have vari-
ous concerns when they visit creative tourism attractions in Taiwan. To attract tourists,
creative tourism operators should focus on their target tourists and the key motivators
that influence these tourists’ decision to visit a creative tourism destination.

The present study has several limitations. First, data were collected at six creative-
tourism attractions, and convenience sampling was applied to perform a survey; thus,
the results of the present study are not representative of the overall creative tourist
populations in Taiwan. For the sample, various scales were applied across multiple Tai-
wanese regions, and the present study focused on specific rural areas and small- and
medium-sized creative tourism attractions. In the future, studies should collect sam-
ples comprising various types of creative tourism attractions associated with various
cultures to increase the generalizability of their results. Second, the tourist behavior
variables examined in this study were established on the basis of the characteristics of
creative life businesses in Taiwan; given the cultural differences, caution should be exer-
cised when applying the results of the study to other countries. The present study used
examined tourist behavior variables but did not involve a cross-analysis of variables.
Thus, its findings can be extended by cross-analyzing visitor profiles and behavioral
variables to better understand tourist behaviors in the context of creative tourism.
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Abstract. Local culture is equivalent to a kind of city colour, and the charm
of a city is often reflected by the city image formed by the full expression and
manifestation of its local cultural elements. For cultural and creative commodities,
designers should focus on the “meaning” of commodities while focusing on the
“form” of commodities, that is, “meaning” may make a commodity stand out. It is
the most intuitive and vivid to convey the concept and behavior of the city to the
public through cultural elements. At the same time, local cultural elements also
enhance the people’s sense of cognition and pride in the region, thus enhancing
the cultural cohesion of the region. It is a new trend of consumption in modern
society to draw consumers’ attention and recognition to the commodities through
unique cultural elements.

Therefore, this study will take the jasmine cultural elements of Fuzhou City,
Fujian Province, China as the research object, and explore the application of local
pattern design by extracting the local cultural elements. The study was conducted
by literature analysis and questionnaire survey, and correlation analysis andmulti-
ple regression analysis were applied to analyze the questionnaire data. The results
show that: 1. Pattern design has influence on consumers’ purchase intention; 2.
Pattern design has influence on consumers’ cultural cognition; 3. Cultural cog-
nition plays a part in mediating the effect between pattern design and purchase
intention, which means that pattern design can influence consumers’ purchase
intention through cultural cognition; 4. Different styles of pattern design have
different effects on cultural cognition.

Keywords: Cultural Element Conversion Design · Pattern Design · Cultural
Cognition · Purchase Intention

1 Introduction

In the context of globalization of the economy, information technology provides us with
rapid sharing of resources. People can quickly learn about the culture of a place through
the Internet. The cultural and creative economic industry is also developing rapidly, and
cultural symbols have become the most abstract and rich connotation bearer of culture,
which is an important form of cultural connotation expression.
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Culture is the calling card of a place, carrying irreplaceable humanistic values. Every
brick and tile, every building and pavilion, every street and alley has a culture and a story.
As Murphy Rhodes says, “the city is a container of great cultural significance” [1]. Cul-
ture is the most important intangible asset of a city, and it also influences the world’s
evaluation of the city. In today’s society, the large amount of information makes it dif-
ficult for people to obtain useful information quickly, so the prominence of symbols is
especially important. Symbols are found everywhere in people’s daily lives, and each
symbol has its own meaning. People use symbols to share and communicate with each
other and to promote cultural development. Some of these symbols are historical marks,
such as Chinese tea; some are forms of life, such as Chinese food and Chinese medicine;
some are symbolic symbols, such as the dragon and the Great Wall; and some are com-
munication tools, such as Chinese characters and names. The pattern designwith cultural
elements is also an extension of the local cultural connotation, constructing recogniz-
able forms through cultural imagery, and systematizing, symbolizing and signifying the
visual elements of the visible material entities and environment in the place [2].

With such a huge amount of information available, how do people receive cultural
information from graphic design?With the above background and motivation, this study
will serve as a pilot study to explore, from the perspective of cultural cognition, the com-
bination of intangible cultural conversion pattern design andmerchandise to improve the
public’s cultural cognition and enhance the popularity and fame of local characteristics,
which is a very worthy topic in cultural communication.

2 Literature Review

2.1 Local Culture

Local culture is the culture associated with a specific region. Local culture reflects the
economic, political, religious and other cultural forms of the society and people of the
region, and contains the philosophy, art, religion, customs and the origin of the entire
value system of the nation. The phrase “a place where water and soil nurture a people”
describes the human characteristics of a region, reflecting the fact that each region of
China has its own special history and characteristics. Local culture has an important and
unique position as one of the traditional Chinese culture and folklore characteristics.

In China, different regions have their own cultural traditions, customs and habits.
As people’s awareness of local culture deepens, cultural and creative goods are grad-
ually integrated with local culture. For example, the Palace Museum has incorporated
the unique culture and characteristics of Beijing’s Forbidden City into its cultural and
creative products, making them popular. For example, lipstick from the Forbidden City,
notebooks from the Forbidden City, keychains from the Forbidden City, and so on. The
design of these cultural and creative goods is inspired by the human geography and
natural landscape of Beijing and its surrounding areas. In recent years, many places not
only attach importance to tangible culture, but also vigorously promote the development
of intangible culture.
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2.2 Cultural Elements Conversion Pattern Design

Patterns are essentially visual symbols, and their integration with the design of modern
artworks means that traditional cultural elements and related content can be presented
to audiences through an intuitive visual symbol. This intuitive visual experience can
enhance the profundity and effectiveness of the audience’s cognition of traditional cul-
ture, thus promoting traditional culture as a highlight and cultural promotion point in
modern art design [3]. To apply shapes and patterns with regional characteristics to
tourism products, the method of refining and transformation is often used. Based on the
understanding of local cultural elements, designers extract shapes and patterns, extract
recognizable and representative cultural symbols, retain their characteristics, and then
form new shapes and patterns that meet modern aesthetics through simplification, trans-
formation, abstraction, etc., so that consumers can understand the culture expressed by
their elements based on the first impression [4].

When transforming cultural elements into pattern design, designers should focus on
profound reflection on culture, so as to give the cultural and creative products a new con-
notation, improve the value andmeaning of the products, and make the cultural elements
fully present in the pattern content of the cultural and creative products. For example,
words, symbols and other graphic shapes can be used as backgrounds or materials in
the patterns of cultural and creative products; at the same time, words are integrated
into the graphics for presentation; in addition, the artistic and decorative functions of
graphic shapes should be given full play, and traditional patterns can be decorated and
embellished with words, numbers and other shapes, so that the patterns of cultural and
creative products have strong expressive and affinity power to attract more people to
appreciate and buy. As scholars have suggested, how the correlation between “form”
and “content” becomes a concept of creative development in painting. There seems to
be a certain degree of correspondence between “form” and “content”, that is to say, the
threads of “content” can be found in “form” [5].

2.3 Cultural Cognition

Cultural cognition is the analysis of the process of receiving and processing cultural
information with the help of cognitive science theories [6]. Cultural cognition is the
acquisition, identification and application of external cultural information. Once the
environmental information carries cultural symbols, then the process of identifying and
processing information in the environmentwill acquire some kind ofmeaningfulness [7].
In their study, Wang Xinge et al. showed that tourists generally have a higher awareness
of the cultural elements that are close to the real life of the residents and carry the collec-
tive memory of the local residents in the tourist destination [8]. With its special charm,
tourism culture attracts people to explore and discover, and presents its own unique
value and meaning in a unique way, thus attracting the audience groups to recognize,
understand and resonate with the culture. To a certain extent, cultural cognition enables
consumers to make value judgments about a particular destination, which in turn affects
their attitudes toward that destination. Cultural cognition includes the recognition of
history and the prediction of the future, and there are differences in people’s understand-
ing of the value of things in different times and regions. For example, historically, the
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urban environment has contained a large number of cultural symbols that are important
sources of emotions, attitudinal judgments, and behavioral choices that residents make
about social phenomena.

2.4 Purchase Intention

Purchase intention refers to the tendency of consumers before the consumer behavior
takes place. According to Gilbert, tourists are influenced by motivation, personality,
cognition, and learning to make purchase decisions [9]. According to Spears and Singh,
purchase intention has three meanings: first, the consumer’s willingness to consider the
possibility of purchasing a good in the future; second, purchase intention represents what
we want to buy in the future; and third, purchase intention is an assertion that links self
and action [10]. Other scholars have also summarized the definition of purchase intention
into three main points: first, it refers to the possibility, i.e., the possibility of consumers
to purchase the goods; second, it refers to the evaluation or attitude, i.e., the evaluation
or attitude of consumers towards the relevant goods, which can actively cooperate with
external factors to stimulate the purchase decision; third, purchase intention can be
regarded as an important indicator to predict the actual behavior of consumers [11]. The
formation of purchase intention is a continuous process of change, and consumers tend
to have different preferences and form purchase behavior at different stages.

3 Methodology

3.1 Research Hypothesis

From the semiotic point of view, “semiotics” itself is an open discipline that does not
exclude the intervention of other disciplines. It is the versatility of symbols that also
gives scholars from different disciplines the possibility of constant creativity in the study,
discussion and development of this field. Therefore, the scope of this study was set by
exploring the pattern design of different expression styles in visual symbols, conducting
a preliminary study and analyzing its impact on consumers, and proposing a model of
cultural visual integration based on the results.

The purpose of this study is to investigate the perception of culture and the percep-
tions and preferences of the consumer groups after the product has become a “cultural
value-added” product by adding cultural elements. The research structure integrates the
designer’s visual processing process with the consumer’s cultural cognition and con-
sumption intention, and proposes a research structure diagram as shown in Fig. 1. This
study uses questionnaire survey, data analysis, and inference of results as the basis for
the study of “cultural value-added” goods. The study explores three parts: first, the feasi-
bility of a scale to assess the design of cultural element conversion patterns; second, the
relevance of the design of cultural element conversion patterns to consumers’ cultural
cognition; and third, the differences in the impact of different expressive styles of pattern
design on cultural cognition. The following research hypotheses are proposed for the
purpose of this study.

H1: There is an effect of design on consumers’ purchase intention.
H2: Pattern design has an effect on the level of cultural cognition.
H3: Pattern design influences purchase intention by affecting cultural cognition.
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Fig. 1. Research architecture of cultural element conversion pattern design

3.2 Research Subject

This study is based on the jasmine culture in Fuzhou City, Fujian Province, China. In
Fuzhou, there is a kind of city flower called jasmine, which has brought together the
ingenuity of generations of Fuzhou people and precipitated the unique cultural meaning
of Fuzhou. As early as 2000 years ago in theWesternHanDynasty, jasmine flowers came
to Fuzhou from the distant ancient Rome via the Silk Road. Since the Ming Dynasty,
Fuzhou people have been famous for their jasmine tea production, and it has become
the birthplace of jasmine tea in the world. In the mid-1990s, jasmine tea in Fuzhou fell
from its peak to an all-time low in just a decade, and most jasmine plantations have
disappeared due to a number of factors, including urbanization, industrialization, and
fierce competition from other regions [12]. Since 2007, Fuzhou has been working to
revive the production of jasmine tea. In recent years, this effort has grown, with the
official opening of Fuzhou Line 1 in January 2017, which became a sensation due to the
special jasmine carriage with local cultural elements of Fuzhou, and the construction
of the Fuzhou Strait Culture and Arts Center, a building themed on the local culture of
jasmine.

How to bring back the glory of jasmine,which has a long history and cultural tradition
in Fuzhou, is the original purpose of this research paper. Therefore, in this paper, we
will discuss from the perspective of pattern design by collecting local products related to
jasmine culture, analyzing the expression of design elements, and following the “visual
expression of illustration design language” proposed by Gu and Liu [13]. The forms of
expression are classified as realistic, abstract, cartoon, and decoration (See Table 1).

3.3 Experimental Design

In this study, the questionnaire design was conducted through literature research and
data analysis of related studies, and the assessment items were developed based on the
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Table 1. Research Subject

Extraction of 
cultural elements 

Expression 
style

Pattern design 
presentation

Product Application 

Realistic 
style

Cartoon 
style

Abstract 
style

Decoration 
style

research hypotheses, and the scale dimensions were used to develop assessment ques-
tions in three dimensions starting from their hypotheses, and the research surveys were
conducted in different performance styles of pattern design respectively (See Table 2).

The scale of the assessment questionswas aLiker-type 5-point scale, which consisted
of “strongly disagree”, “disagree”, “average”, “agree”, and “strongly agree”, and was
given a score of 1, 2, 3, 4, and 5, respectively. A total of 12 questions were asked, and
180 valid questionnaires were returned, which is 15 times the number of questions in the
questionnaire. Depending on the number of questionnaire questions, it is recommended
that the sample size be 3 to 5 times or 5 to 10 times the number of questions [18, 19], in
line with the needs of the sample size.
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Table 2. Cultural element conversion pattern design scale structure and assessment questions

Dimension Assessment Questions

A. Pattern Design A1. This pattern design has a sense of beauty

A2. This pattern design can convey the local culture

A3. The color of this pattern design has a cultural connotation

A4. This pattern design has a cultural connotation

B. Cultural Cognition B1. This pattern design is unique to the local culture

B2. This pattern design will cause me nostalgia or life memories

B3. This pattern design will make me value the cultural connotation
of the product

B4. This pattern design will make me want to learn more about the
culture and history of the place

C. Purchase Intention C1. I will buy products with this pattern design

C2. I will recommend products with this pattern design to my friends
and relatives

C3. I will buy products related to Fuzhou jasmine culture

C4. I will recommend products with Fuzhou jasmine culture to
friends and relatives

Reference source: [14–17].

4 Results and Discussion

4.1 Study Questionnaire Reliability and Validity Analysis

This study was mainly conducted by online questionnaire distribution, which took about
5–10 min to fill out and contained basic personal information, questions on each dimen-
sion of each pattern design, and personal preferences. The subjects were mainly local
residents (with household registration and more than 10 years of residence) and foreign
residents in Fuzhou. There were 180 people, including 84 males and 96 females; 68
local Fuzhou residents and 112 foreign residents, including local residents, for a total
of 148 people who came to Fuzhou; their ages were mainly distributed between 18 and
35 years old.

The questionnaire in this study needs to be shown to be consistent and stable by
using the results of reliability and validity analysis. In order to measure the adequacy
of the questionnaire itself, SPSS 19.0 was used to test the reliability and validity of the
questionnaire, and the Cronbach’s alpha coefficient was used to check the constructs
of the questionnaire. The results of the reliability and validity analysis are as follows:
from the reliability of each dimension, the Cronbach’s alpha coefficient is greater than
0.9 (p < 0.001), which indicates that this questionnaire has sufficient reliability; from
the validity of each dimension, the factor loadings are between 0.8 and 0.9, which has
good structural validity; and the explained variance of each dimension is between 81%
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and 87%. Between 81% and 87%, and the overall results meet the criteria, showing the
feasibility of this study instrument (See Table 3).

Table 3. Reliability and validity analysis of the questionnaire

Dimension Title number Cronbach’s Alpha Factor loadings Explained variance

A. Pattern
Design

A1 0.940 0.885 86.649%

A2 0.938

A3 0.928

A4 0.929

B. Cultural
Cognition

B1 0.943 0.924 85.537%

B2 0.908

B3 0.930

B4 0.937

C. Purchase
Intention

C1 0.925 0.900 81.694%

C2 0.907

C3 0.897

C4 0.912

4.2 Correlation Analysis of Cultural Elements Conversion Pattern Design

In order to find out whether there is a correlation between the cultural element conversion
pattern design, cultural perception and purchase intention, this study used Pearson’s cor-
relation analysis to investigate, and the results showed that the facets were significantly
correlated with each other (See Table 4).

Table 4. Correlation analysis

Dimension Pattern Design Cultural Cognition Purchase Intention

Pattern Design 1 .919** .829**

Cultural Cognition .919** 1 .853**

Purchase Intention .829** .853** 1

**. Significantly correlated at the .01 level (two-sided)

4.3 Regression Analysis

In order to understand the influence relationship between cultural elements converted
pattern design, and cultural perception, purchase intention, and predict the degree of cul-
tural perception canplay amediating role. This studywas explored bymultiple regression
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analysis: the mediating role of cultural cognition (m) in the relationship between pattern
design (x) and purchase intention (y) was examined. The specificmethods are as follows:
(1) Regression analysis was conducted to examine the predictive effect of pattern design
on purchase intention with pattern design as the independent variable and purchase
intention as the dependent variable. (2) Regression analysis was conducted with pattern
design as the independent variable and cultural cognition as the dependent variable to
examine the predictive effect of pattern design on cultural cognition. (3) Regression anal-
ysis was conducted with pattern design and cultural cognition as independent variables
and purchase intention as dependent variables to examine the predictive effect of pattern
design on purchase intention after adding cultural cognition variables (See Table 5).

Table 5. Regression analysis of the three dimensions of pattern design, cultural cognition and
purchase intention

Steps Standardized regression equation Regression coefficient test

Step 1 y = 0.829*x SE = 0.021 t = 39.674**

Step 2 m = 0.919*x SE = 0.016 t = 62.442**

Step 3 y = 0.290*x SE = 0.048 t = 6.017**

+ 0.557*m SE = 0.046 t = 12.131**

Note: SE stands for standard error, t stands for t-test value; **. P < 0.01

The results of the regression analysis show that (1) the predictive effect of pattern
design (X) on purchase intention (Y) is significant; (2) the predictive effect of pattern
design (X) on the degree of cultural cognition (M) is significant; (3) the predictive
effects of cultural cognition and pattern design on purchase intention are also significant
when the degree of cultural cognition is included in the equation. Therefore, it can be
concluded that cultural cognition plays a partial mediating effect between pattern design
and purchase intention,which is a good verification of the hypothesis. And the proportion
of the partial effect to the total effect is 0.919 × 0.557 /0.829 = 0.6175, i.e. 61.75%.

4.4 Exploring the Influence of Different Expressions Styles of Pattern Design
on Cultural Cognition

Four different expressive styles of pattern design were selected for this study to see if
there are differences in the effects of different expressive styles of pattern design on the
degree of cultural cognition. A regression analysis model was developed with pattern
design as the independent variable and cultural cognition as the dependent variable (See
Table 6).



108 J. Chen and L. Chen

Table 6. Analysis of the influence of different expressive styles of pattern design and cultural
cognition

Pattern
design style

Variable Coefficient T-statistic
value

P-value Goodness
of fit

F-statistic

Realistic
style

Constant −0.066 −0.467 0.641 0.802 720.605(0.000)

Cultural
Cognition

0.993 26.844 0.000

Cartoon
style

Constant 0.103 1.102 0.272 0.883 1346.478(0.000)

Cultural
Cognition

0.942 36.694 0.000

Abstract
style

Constant −0.052 −0.442 0.659 0.844 960.049(0.000)

Cultural
Cognition

0.988 30.985 0.000

Decoration
style

Constant 0.225 1.914 0.057 0.843 954.996(0.000)

Cultural
Cognition

0.946 30.903 0.000

From the above results, the F-statistics of all four equations passed the significance
test, the goodness-of-fit was greater than 0.8, and the regression coefficients of the
independent variables passed the significance test, indicating that the equations were
well constructed.

From the regression coefficients, it shows that the influence of different expressive
styles of pattern design on cultural cognition is from high to low: realistic style, abstract
style, decorative style, and cartoon style.

4.5 Summary

Based on previous studies, this paper synthesizes previous views and expands the
research perspective on this basis to obtain the results of this paper through question-
naire survey and validation analysis. In addition to the reliability analysis of the scale
structure, this paper will also investigate and analyze the dimensions to draw the final
main conclusions as listed below.

1. The results of the analysis of reliability, validity and correlation met the requirements
of the test and proved the reasonableness of the scale. Also, the scale can be used as
a reference and application for the relevant design teaching and industry assessment.

2. From the results of the study, all three hypotheses proposed in this study are valid.
It can prove that cultural and creative goods can enhance users’ visual experience
to improve the added value of products and increase cultural value, thus enhancing
their purchase intention and cultural cognition. The cultural uniqueness of cultural
and creative goods can make them more easily accepted by the public and create a
sense of identity. This provides a good theoretical basis for subsequent research on
cultural identity.
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3. Regarding the influence of different expressive styles of pattern design on cultural
cognition, the results of this study concluded that, in descending order, they are:
realistic style, abstract style, decorative style, and cartoon style. A cross-tabulation
analysis of consumers’ preference for pattern design and purchase intentions revealed
that consumers’ preference and purchase intentions for pattern designs with different
expression styles differ from those that enhance cultural cognition. Therefore, this
study emphasizes the importance of communication between design and consumers.
The process of transforming cultural elements into design requires designers to under-
stand and grasp the cultural connotations, and should align design with consumer
preferences and enhance the value and meaning of products.

5 Conclusion

The study is intended to serve as a pre-study to examine the impact of consumers’ cul-
tural identity, expecting that cultural and creative products can become an important tool
for spreading culture, deepening consumers’ cognitiveness and memorability of tradi-
tional culture, and stimulating the public’s sense of cultural identity, and the audience’s
identification with culture further stimulates the consumption of cultural symbols.

The study extends the research structure and results by means of literature analysis,
decomposes the process of designers’ conversion of cultural elements into pattern design
and consumers’ cultural cognitive process, and divides it into three stages: sensory
stimulation, visual processing and cultural match. Designers refine cultural elements,
use color and pattern to stimulate consumer vision, so that consumers have an initial
impression of the cultural elements; then use pattern design so that consumers through the
processing of visual information, by different forms of expression and the formation of
characteristics of the representation; pattern design with obvious cultural characteristics
can trigger visual associations, so that consumers in memory, experience the cultural
prototype to produce a fit and then emotional projection; finally, consumers because of
cultural identity and the role of cognitive, emotional, aesthetic, social and other levels,
and then promote consumer behavior. And referring to the value-addedmodel of cultural
creative commodity design proposed by Lin, the value-added of cultural creativity is
divided into three stages [20], trying to propose the cultural vision integration model,
as shown in Fig. 2. In order to integrate cultural elements with modern art design in the
subsequent design of cultural and creative industries, the value and meaning of product
patterns can be enhanced, and more cultural elements can be displayed in the pattern
content of cultural and creative products in a visible and disposable form.
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Fig. 2. Cultural visual integration model
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Abstract. With the oversupply of goods, people began to pay attention to a higher
level of emotional consumption. The pursuit of increasingly higher aesthetic qual-
ity has driven the popularity of the aesthetic economy and experience economy
in recent years. The public has begun to pursue products with warm feelings and
connotations. In particular, high-quality personalized handmade goods with senti-
mental value, warmth, and unique texture that are derived from regular handmade
goods are popular in many countries and gradually become a trend. However,
under the wave of globalization, high value-added products are produced through
the trend of branding. Art and aesthetics are integrated into handmade goods to
maximize their value, with the expectation of being stood out in such a competi-
tive market. This study analyzed and summarized the current status of handicraft
brands from the perspective of brand marketing and product design. It highlighted
the handicraft characteristics by combing the brand power to achieve the effect
of value-added goods to use it as a reference to strengthen the competitiveness of
handicraft brands in the future.

Keywords: Cultural and Creative Goods · Handcrafted · Brand ·Marketing
Strategies · Design Strategies

1 Introduction

In a world that is becoming increasingly mechanized, increasingly homogenized, and
almost completely exposed to the scrutiny of the Internet, it is logical to assume that
the unique, the individual, and the culturally resonant will acquire ever more appeal
and luster (Liebl & Roy, 2004). Lash, Urry, and Urry (1993) pointed out that there is a
reciprocal relationship between culture and economy. Culture is presented in a commer-
cialized way due to the economy. In the meantime, the economy makes products more
beautiful and connotative through culture and improves the quality of life and cultural
identity. Cultural features then are considered to be unique characteristics to embed into
a product both for the enhancement of product identity in the global market and for the
fulfillment of the individual consumer’s experiences (Lin, 2005). Although it is difficult
to produce handicrafts on a large scale due to long working hours and small output, new
retail channels have been developed due to the emergence of online platforms and social
media (Luckman, 2015). Market opportunities for craft industries are emerging based
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on this trend in consumption diversification and the traditional economic weaknesses
of craft industries are becoming strengths (Campbell, 2005; Chartrand, 1989). In recent
years, with the trend of an aesthetic economy as well as cultural and creative indus-
tries, handicrafts have become popular in various countries and a wave of handicrafts
has sprung up, making the emotional endowments of products extremely significant.
American design expert Norman (2004) stated that affective/emotional factors are the
ultimate determiner of the success or failure of product design.

Emotion is the most significant factor that attracts consumers to pay for goods, while
beauty is the most important inducement that can evoke pleasant memories as well as
experiences and make people desire to own goods (PostrelVirginia, 2004). Kotler (2012)
said “The art of marketing is largely the art of brand building. When something is not
a brand, it will probably be viewed as a commodity.” Great brands present emotional
benefits, not just rational benefits (Kotler, 2003). Customization and uniqueness of hand-
icrafts can strengthen consumers’ desire to purchase them, thus creating their additional
value, increasing the importance of beauty to products, and making products more com-
petitive, which also bring consumers a pleasant mood and satisfy their potential needs
(Veryzer Jr & Hutchinson, 1998). In the past, the research on handicrafts focused on
their texture as well as the development of cultural and creative markets, rather than on
brandmarketing and design strategies. Therefore, the goal of this studywas to help hand-
icraft entrepreneurs create product diversity by understanding the current development
situation of the existing handicraft brands, the problems they face, and their differences
in the design of handicraft products. The aesthetic economy and brand marketing were
taken as the added value of handicraft entrepreneurship with excellent marketing strate-
gies for the promotion and inheritance of handicrafts to improve the competitiveness of
handicraft brands.

With regard to cultural and creative products, this study explored perceptual mar-
keting based on the characteristics of handicrafts and discussed the development of
Taiwan’s handmade brand companies. It attempted to understand the operation of hand-
made brands and the direction of brand marketing strategies through case interviews.
It further analyzed as well as summarized the practices of product designs based on
case products as a reference for future research on enhancing the competitiveness of
handmade brands in cultural and creative products. According to the above statement,
the main purposes of this study are as follows:

(1) To explore the development of Taiwan’s handmade brand companies.
(2) To analyze the marketing strategies of handmade brand companies.
(3) To explore the practices of product design based on the cases of handmade brand

companies.
(4) To summarize the relevance between themarketing strategies of the handcraft brands

and the product designs.

2 Literature Review

2.1 Cultural Originality

Culture is viewed as men’s way of maintaining life (Baldwin, Faulkner, Hecht, & Lind-
sley, 2006) In a world that is becoming increasingly mechanized, increasingly homog-
enized, and almost completely exposed to the scrutiny of the Internet, it is logical to
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assume that the unique, the individual, and the culturally resonant will acquire ever
more appeal and luster (Liebl & Roy, 2004). Cultural features then are considered to
be unique characteristics to embed into a product both for the enhancement of product
identity in the global market and for the fulfillment of the individual consumer’s expe-
riences (Lin, 2005). Lash, Urry, and Urry (1993) pointed out that there is a reciprocal
relationship between culture and economy. Culture is presented in a commercialized
way due to the economy. In the meantime, the economy makes products more beautiful
and connotative through culture and improves the quality of life and cultural identity. In
the global market-local design era, connections between culture and design have become
increasingly close. For design, cultural value-adding creates the core of product value.
It is the same for culture; designs are the motivation for pushing cultural development
forward (Ho, 1996).

2.2 Value of Handmade Goods

In the cultural and creative industries, handmade goods are considered as a unique exis-
tence. Although it is difficult to produce handicrafts on a large scale due to long working
hours and small output, new retail channels have been developed due to the emergence
of online platforms and social media (Luckman, 2015). According to the Crafts Council
in the UK, since 1998 the crafts have been identified as an industrial sector with the
highest growth potential (Schwarz & Yair, 2010). With the development of the global
market, most companies gradually realize that the keys to product innovation are not
only market and technology aspects but also emotional design (Hsu, Chang, & Lin,
2013). Market opportunities for craft industries are emerging based on this trend in
consumption diversification and the traditional economic weaknesses of craft industries
are becoming strengths (Campbell, 2005; Chartrand, 1989). When product safety and
comfort have been satisfied, emphasis can shift toward the decorative, emotional, and
symbolic attributes of design (Crilly, Moultrie, & Clarkson, 2004). Incorporating “feel-
ing” into product design to present the emotional communication of user experiences
has become a design trend of the twenty-first century (Hsu, Chang, & Lin, 2013). For
consumers, understanding and knowing the whole production process of objects, as well
as the time and labor spent by artisans in that process, indirectly endow commodities
with deeper meaning (Frayling, 2012). Customization and uniqueness of handicrafts
can strengthen consumers’ desire to purchase them, thus creating their additional value,
increasing the importance of beauty to products, andmaking products more competitive,
which also bring consumers a pleasant mood and satisfy their potential needs (Veryzer
Jr &Hutchinson, 1998). (Greenhalgh, 2003) indicates that crafts straddle between the art
and design economies and often get the worst of both worlds. Handcrafts meet the deep
desire of consumers, and scholars see the ultimate existence state of consumers’ desire as
“value” (Rokeach, 1973). Therefore, an optimal product is a craft that opens a discourse
with people through its sensation-evoking image and inspires them (Hsu, Chang, & Lin,
2013). American design expert Norman (2004) stated that affective/emotional factors
are the ultimate determiner of the success or failure of product design.
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2.3 Marketing Strategies

Marketing is an organizational function and a set of processes for creating, communicat-
ing, and delivering value to customers and for managing customer relationships in ways
that benefit the organization and its stakeholders (Rownd & Heath, 2008). Marketing
management is the art and science of choosing target markets and getting, keeping, and
growing customers through creating, communicating, and delivering superior customer
value (Kotler, 2003). Marketing as culture is a basic set of values and beliefs about the
central importance of the customer that guides the organization (Webster, 1992). Kotler
(2012) said “The art of marketing is largely the art of brand building. When something is
not a brand, it will probably be viewed as a commodity.” Great brands present emotional
benefits, not just rational benefits (Kotler, 2003). Wang, Chen, Hu, and Ye (2008) pro-
posed that a brand is abstract and spiritual, and is the sum of all consumer feelings toward
products, reflecting their mood, knowledge, attitudes, and behaviors. Branding means
giving a distinct individuality to a product (Kotler et al., 2000). Therefore, emotional
product design characteristics and brand emotion are crucial (Yen, Lin, & Lin, 2014).
Emotion is the most significant factor that attracts consumers to pay for goods, while
beauty is the most important inducement that can evoke pleasant memories as well as
experiences and make people desire to own goods (PostrelVirginia, 2004).

3 Research Methods

3.1 Research Process

This study adopted a qualitative research method to divide the research process into
three stages (see Fig. 1). In the first stage, after the purpose of this study was established,
the theoretical framework was formed through literature discussion as the basis for
the follow-up analysis of this study. In the second stage, the finalists of the Pop Up
Asia Makers were seen as the research scope, the willingness of the interviewees was
collected over the phone, and ten cases were further selected as the research subjects.
Moreover, the relevant secondary data of the cases were collected, the first draft of
the interview was prepared, the interview test was carried out, the relevant details of
the interview were revised according to the expert advice, and the formal interview
manuscript was formed. Semi-structured interviews were conducted for ten cases to
obtainmore complete data. After the formal interviews, the content of the case interviews
was transcribed into a verbatim draft. In the third stage, the content analysis method
was applied for organization and analyses, and the content was divided into two parts,
companies and their products, for discussion. In terms of companies, the strategies of
the cases in brand marketing and marketing combination were analyzed. The cases were
grouped and the group names were given according to the analysis results. In terms of
products, the practices of product designs based on the launchmotivation, design appeal,
development type, and design focus were analyzed. The research results and suggestions
based on the above comprehensive analysis were put forward.
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Fig. 1. Research process

3.2 Case Sample

The purpose of this study is to explore the marketing strategies and features of product
designs used by handmade brand companies. Therefore, the Pop Up Asia Maker Award
with the theme of handcraft entrepreneurship was taken as the research scope, and
the brand companies under the same market economy background were selected as
the research samples for convenience. Furthermore, the Taiwanese companies of the
shortlisted brands from 2017 to 2020 were selected as the research scope and subjects
by multiple case methods. The researcher contacted the cases in person to inquire about
their intention of being interviewed and eventually selected ten cases willing to be
interviewed.

Since 2017, the Pop Up Asia Maker Award has hoped that through entrepreneurship
exhibitions and online communities, more people can see the business model of hand-
craft entrepreneurship. Through the four thematic categories of manufacturing locally,
handcrafted, personalized mass production, and customized service, it selects the great-
est Asian handcraft entrepreneurship spirit and special representatives. It encourages
those who have been working hard to share stories from creation to entrepreneurship
and supports them through business exhibitions with the exchange of artisans as the core
(Pop Up Asia Makers, 2020). The four major theme categories make the case samples
possess diverse industrial patterns and business modes, so that the case study can explore
the marketing strategies and product design features of Taiwan’s handcraft brands more
comprehensively.

3.3 Interviewees

According to the purpose of this study and the relevant theoretical framework collated
in the literature review, this study drafted an interview manuscript and conducted an
initial interview test. The subjects of this preliminary interview were the founders of
the Taiwanese cultural and creative brands of handicrafts, who are also the operators.
With more than ten years of relevant handcraft brand management experience, they are
competent to serve as the expert consultation subjects of this study. The interview places
are their workshops. After communication, the unclear part of the interview questions
was found, and themanuscript was revised based on experts’ advice and became a formal
interview draft.

The interview cases in this study were listed in the case code (see Table 1) according
to the interview sequence. The interviewee in each case is the founder of the cultural
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and creative brand of handicrafts or an internal senior executive, having a considerable
understanding of the brand’s business model.

Table 1. Brands interviewed

A B C D E

F G H I J

Case A takes the promotion of lacquer art as its core, returns to the original folk art
tradition, abandons the gorgeous and complex decoration, and integrates the traditional
craft culture into the modern life utensils, bringing more people to know and feel the
inheritance of this in generations; Case B integrates the landscape design background
with the design and production of cement products, changes the rough image of cement,
and combines the aesthetic sense and function of space to express the delicate taste;
Case C turns culture into totem and presents it in commodities, conveys the connotation
and belief of culture through paper writing, and integrates it with the traditional cross-
stitch technology of aborigines; Case D prefers wood, selects the most natural painting
process, and attaches attention to the curve and overall proportion of each product, high-
lighting the nature of wood; Case E uses various kinds of claw beads and composite
materials to display different festivals and seasonal themes, and can be applied to var-
ious soft fabrics to present interesting styles; Case F makes pocket items through soft
clay and other materials, and also endows soft clay with practicality; Case G combines
embroidery lace cloth with fashion and modern elements, and matches life accessories
with soft colors; Case H takes the performance of log material as its core through the
technology of local industry and fine manual grinding, and develops the exclusive patent
combination technology to more complete the unique wooden wrist watches full of life;
Case I combines carpentry andmetalwork, creates more practicality and beauty by origi-
nality, has unique characteristics of handicrafts, and advocates handmade travels; Case J
mixes the handmade yarn weaving and factory production, pays attention to practicality
and durability, bright color matching geometric graphics, and warm and thick knitting
materials utilized, highlighting the characteristics of Nordic style.
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3.4 Content Analysis

This study mainly adopted a qualitative analysis method to analyze the content of the
interview. Afterwards, it analyzed the use of case brands’ marketing strategies and the
design practices of their products, and compared the results by cross analysis to conclude
the relevance of case marketing strategies and product designs.

The transcript of the interviewwaswritten into a verbatimversion, then, the datawere
checked sentence by sentence, and open coding was conducted. Because the interview
data were large and scattered, the data were read repeatedly, the content related to the
research topic was extracted, and the paragraphs were marked as the basis for analysis.
As for the coding principle in the interview content, the first letter is the code of the
interview case, the second letter and number is the item of the questions answered by
the interviewees, and the third number is the order of paragraphs marking in the answer
items (see Table 2).

Table 2. Coding diagram

Code Meaning

A-Q06–1 Symbolizing the first paragraph marked in interviewee A’s answer to question 6

C-Q13–2 Symbolizing the second paragraph marked in interviewee C’s answer to question 13

In addition to the in-depth case interviews, this study also took advantage of common
data collection methods of case studies through those companies’ official websites, past
interview information, and exhibition data to obtain various data and improve the analysis
of this study.Due to the different types and nature of interview cases, there are differences
between cases, and they have different strategic plans for their development of brand
management. Therefore, differentiation analysis can be carried out. Because the cases
are all in the industries related to the handmade industry, which are faced with the same
economic market, similar channels, as well as consumers, their common points could
be analyzed. This study utilized the aspects extracted from theories as a reference and
analyzed the similarities and differences of the ten cases, as well as the product analysis
of the entity cases. This way, we could have a detailed understanding of the marketing
strategies and product design practices of the rival brand companies, and make a further
summary.

4 Analysis and Discussion

4.1 Summary and Naming of Brand Marketing Strategic Groups

Before marketing planning, the market environment and consumer behaviors should be
understood first, and a remarkable job of target marketing should be finished to facilitate
the formulation of the marketing mix so that marketing resources can be utilized most
effectively. Therefore, according to the results of brand marketing and product mix
analysis, the strategic groups of brand marketing could be divided into three groups, and
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then each group was given an appropriate name to facilitate the relevant comparison of
subsequent analyses (see Table 3).

Table 3. Summary of brand marketing strategy groups

Group 1 Group 2 Group 3

A E G F H D J B I C

Background
motivation

Industrial expansion

Self-actualization

Brand
strategy

Multiple brands

Single brand

Market
positioning

Life culture

Special emotion

Product
strategy

Material 

Finished product

Experience

Price
strategy

Cost-oriented

Customer-oriented

Competition-
oriented

Promotion
strategy

Mainly offline

Mainly online

Half online
and half offline

Channel Mainly real

“ ” refers to “mainly used”.

strategy Mainly virtual

Both virtual and real

Companies in Group 1 were all transformation and inheritance of traditional indus-
tries. With the rise and fall of the times, having gone through several generations of
inheritance and transformation, they enjoy a deep business foundation. Although the
transformation from traditional industries to brand development is a new start, they have
relatively rich experience in relevant resources, and also have developed multiple brands
for different market segments. Their principle of market positioning is being close to
life. Besides, Most of their products are practical. According to the above findings, the
brandmarketing of Group 1, focusing on the combination of products and people’s lives,
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is characterized by industrial management background and rich technical resources. In
this study, Group 1 was named the technique inheritance group.

The companies in Group 2 are relatively abundant in capital operation, with more
than five human resources, assisted by a basic team. These companies combine interests
with business and achieve good performance. With abundant enterprise resources, they
develop different brands for various target markets and adopt their own marketing mix
strategy. In terms of market positioning, they are also distinguished by their unique
feature and emotional connotation. From the above, it was found that this group’s brand
marketing, focusing on the transmission of specific consumer groups and emotions, has
a clear segment market positioning and development objectives. In this study, Group 2
was named the spontaneous originality group.

In Group 3, the companies’ entrepreneurial motives are all oriented towards interest,
but the difference is that their use of funds is relatively limited, their development scale
is small, and most of them are organizations of one to three people. Because of the lack
of experience, the process of developing interest into a business has no prior planning
of brand positioning, target market, and operation strategy, but through repeated trading
experience and customer feedback, they gradually find their own development basis.
To shape personal brand positioning and style, through professional technology and
innovation, they provide the most favorable service for the single market demand, to
resist the resource-rich competitors, and also take daily life as an investigation factor
in market positioning, with interest and preference as the development motivation, has
specific development market and professional technical innovation. In this study, Group
3 was named the interest and preference group.

4.2 Case Product Analysis and Discussion

Based on the research results, ten case brand companies were classified into three groups
according to the brand marketing strategy. This step is for the purpose of further analyz-
ing the differences in the design practices used by each group in the implementation of
product designs, and understanding their consideration on product designs when formu-
lating marketing strategies. Among the ten case brands, three typical goods cases were
listed for each case respondent, with a total of 30 products. The design practices of the
case products were explored. The items for discussion included product introduction
motivation, product development type, product design focus, and product design appeal
(Table 4).
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Table 4. Case product

Product 1 Product 2 Product 3 Product 1 Product 2 Product 3

A F 

B G 

C H 

D I 

E J 

4.3 Launch Motivation and Design Appeal of Case Product

After a discussion on the 30 products, according to the main introduction motivation,
these products were divided into three types, namely, practical life, unique sentiment,
and technical innovation. Based on the literature, the case productswere divided into four
design appeals of handcrafted products, namely, high quality, well-being, practicality,
and uniqueness, which were further analyzed and summarized (see Table 5).

From Table 5, it could be found that among the 30 case products, high quality and
well-being were the main product design appeals, accounting for nine products each,
followed by uniqueness totaling eight products, and practicality was in last place, total-
ing four products. High quality means that the consumer’s perception and feeling for a
product was from the aesthetic appearance of the product. The essence of the material
was manifested, and the details and quality were emphasized so that the product had
an attractive and good image. Well-being means that the consumers felt the sentimental
value, warmth feeling, hand-feel, and other elements extended by the product through
sense experience. Meanwhile, it brought a pleasant mood, triggered interest and sat-
isfaction, and satisfied their potential needs. Practicality refers to the design based on
life observation and understanding. Practical and innovative ingenuity were combined
to increase the substantive use value and stay close to the daily needs of consumers;
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Table 5. Launch motivation and design appeal of product

High quality Well-being Practicality Uniqueness 

Practical life

Unique 
sentiment None None

Technical 
innovation 

Total 9 9 4 8 

while uniqueness was different from the simple reproducibility of products under mass
production. Combinedwith high originality and aesthetic value, special production char-
acteristics were used to highlight the uniqueness, individuality, and limited quantity of
each work, thereby creating the added value of the product and bringing unique feelings
to consumers.

4.4 Focuses of Development Type and Design of Case Products

According to the development type, the products were divided into four types. New
creation refers to the first revolutionary new product in the world. Creative breakthrough
refers to goods created by integrating existing products on the market but different from
the ideas and technologies on the market. The same type of extension refers to the
extension of a company’s existing product types by different subjects. New application
of the same technology refers to products whose old production techniques are applied
to different dimensions. The design focus was divided into three types: material, color,
and shape, which were analyzed and summarized in Table 6.

In the product development type, no case with the development type of new creation
has been found, and thus, there were no products of this development type in the cases.
In respect of the case products whose development type was a creative breakthrough, a
total of four pieces emphasize that their design focus is mainly on shape; two pieces on
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Table 6. Launch motivation and design appeal of product

Material Color Shape 

Creative 
breakthrough 

same type of
extension 

New 
application 
of the same
technology 

Total 11 4 15

material; and then one piece on color. As for the case products whose development type
is the same type of extension, eight pieces emphasize that their design focus is mainly on
shape; six pieces on material; and two pieces on color. With regard to the case products
whose development type is a new application of the same technology, three pieces each
emphasize that their design focus is mainly on material and shape, followed by color,
accounting for one piece.

4.5 Relationship Between Brand Marketing Groups and Product Design
Practices

After the making of Table 5 and Table 6, it was found that the strategic groups of
brand marketing and product design practices in 30 product cases included four major
items: product launch motivation, product design appeal, product development type, and
product design focus.

The launch motivation of the products is mainly practical life (M1). The number
of it is 17; the number of unique sentiment (M2) is eight; the number of technological
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innovation (M3) is five. The cases with technique inheritance as the strategy group
mainly focus on practical life (M1), accounting for 77.8%; the cases with spontaneous
originality as the strategy group unique sentiment (M2), accounting for 44.5%; the cases
with interests and preference as the strategy group practical life (M1), accounting for
66.7% (see Fig. 2).
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Fig. 2. Analysis of product launch motivation

In terms of product design appeals, well-being (S1) took up themajor, accounting for
ten products, followed by high quality (S2) and uniqueness (S3), respectively accounting
for eight products, and practicality (S4), accounting for four products. The cases with
technique inheritance as the strategy group mainly focused on well-being (S1), account-
ing for 44.5%; the cases with spontaneous originality as the strategy group focused on
uniqueness (S3), accounting for 66.7%; the cases with interest and preference as the
strategy group focused on high quality (S2), accounting for 41.7% (see Fig. 3).
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Fig. 3. Analysis of product design appeal

In terms of the product development type, the “same type of extension” (P3) is
in the largest proportion, with a total of 16; next are “new application of the same
technology” (P4) and “creative breakthrough” (P2), with 7 each; the number of “new
creation” (P1) is zero. The cases with “technique inheritance” as the strategy group,
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mainly focus on “same type of extension” (P3), accounting for 66.7%; the cases with
“spontaneous originality” as the strategy group “creative breakthrough” (P2) and “same
type of extension” (P3), accounting for 44.5% respectively; the cases with “interest and
preference” as the strategy group “same type of extension” (P3), accounting for 50%
(see Fig. 4).
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Fig. 4. Analysis of product development type

In terms of the product design, “shape” (K3) is in the largest proportion, with a total
of 15; the second is “material” (K1), with a total of 11; the last is “color” (K2), with
a total of 4. The cases with “technique inheritance” as the strategy group mainly focus
on “shape” (K3, accounting for 55.6%; the cases with “spontaneous originality” as the
strategy group “material” (K1) and “shape” (K3), accounting for 44.5% respectively;
the cases with “interest and preference” as the strategy group “shape” (K3), accounting
for 50% (see Fig. 5).
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Fig. 5. Analysis of product design focus

Specifically, for companies classified as the technique inheritance group by the brand
marketing strategy, the product introductionmotivation was the practical life. The design
appeal was mainly focused on the feeling of well-being. The development type was
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mostly the same type of extension. The product design focus was mainly focused on
the shape. For companies classified as the spontaneous originality group by the brand
marketing strategy, the product introduction motivation was the unique sentiment. The
design appealwasmainly focusedon theuniqueness. Equal attentionwaspaid to the same
type of extension and the creative breakthrough in terms of development type, and to the
material and the shape in terms of product design focus. For companies classified as the
interest and preference group by the brand marketing strategy, the product introduction
motivation was the practical life. The design appeal was mainly focused on high quality.
The development type was mostly the same type of extension. The product design focus
was mainly focused on the shape. The three brand marketing groups with their main
product design practices were summarized and compared (see Table 7).

Table 7. Comparison of brand marketing groups and product design practices

Brand
Marketing
Groups

Technique inheritance
group

Spontaneous
originality group

Interest and
preference group

Product
Introduction
motivation

Practical life Unique sentiment Practical life

Product Design
appeal

Well-being Uniqueness High quality

Product
Development type

Same type of extension Creative breakthrough
Same type of extension

Same type of
extension

Product design
focus

Shape Material Shape Shape

5 Conclusion

The investment in handmade brands is mostly due to the practice of personal ideas
and the transformation of traditional industries. Since handmade entrepreneurship does
not require enormous capital and manpower. Based on the economic strength of the
entrepreneurs, their business scales can be large or small, but most of them are based
on the personal business model of one to three people. However, due to the investment
of too many people, the market survival space is narrow and the saturation is high. As a
consequence, homogeneous products fill themarket. Consumers in Taiwan are not highly
receptive to the price of handcrafted goods. In spite of the cost of a long production time
for each piece of goods, consumers are not willing to pay for it, which is attributed to
the weak perception of handmade goods and the lack of aesthetic cognition. Therefore,
brand and marketing strategies play a critical role. In the era of the rising experience
economy, handcraft companies are allowed to take advantage of the trend of branding
to maximize the value of handmade goods.
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Through the analysis of ten cases’ interviews, it can be seen that brand marketing
in Taiwan’s handcraft market can be divided into three strategic groups, namely, the
technique inheritance group, the spontaneous originality group, as well as the interest
and preference group. This study divided product design practices into four major items,
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Fig. 6. Product design practices of handmade brand companies
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Fig. 7. Relevance between marketing strategies of handmade brands and product designs
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including product launch motivation, product design appeal, product development type,
and product design focus. The design practices of 30 products (see Fig. 6) were collated,
and the relevance between the marketing strategies of the handmade brands and the
product designs was also sorted out (see Fig. 7).
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Abstract. The winery is a relatively new industry and has certain research value.
We have used theories of experiential marketing and experiential value in past
studies of the tourism industry. However, in the literature in the past, wineries
characteristic integration, cultural communication, and ways to achieve economic
benefits of experience activities have been less explored. This study examines
the successful winery cases and summarizes the models behind those successful
experience activities. This study used a case study approach to analyze the sec-
ondary data collected through wineries characteristics, experience activities, and
visitor participation at four wineries: Changyu Winery, Samuel Adams Winery,
Macallan Winery, and Miguel Winery to present relevant results. The results of
the study show that the wineries usually use the production methods of wine, the
use of historical buildings, and the scenery of the wineries as components in their
experiential activities. The wineries also need to deploy the resources required
according to their circumstances, and on this basis, the design, operation, and
other marketing of winery events are achieved through event planners’ planning,
marketing, and promotion. Besides the regular wine-making activities, the win-
ery offers entertainment and educational activities such as wine-tasting courses to
meet the needs of visitors andmake the winery experiencemodel more effective in
terms of entertainment and education, thus attractingmore visitors to the wineries.

Keywords: Wineries Features · Experience Activities · Visitor Participation

1 Introduction

In recent years, there has been a growing interest in winery industry. Nowadays, eco-
nomic development can be divided into the agricultural economy, industrial economy,
service economy, and experience economy. When an industry develops into an expe-
rience economy, the companies concerned will create good experiences for their cus-
tomers, bringing them unforgettable memories and making them loyal to the brand [1].
Experience design is the extend of product design and service design. Experience design
focuses on the quality of the user experience and is applied to the design of products,
services, processes, events, and environments to provide customerswith an elaborate and
complete experience [2]. By transforming the history and culture of wine into creativity
and designing a good experience, we can provide a good opportunity for the development

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
P.-L. P. Rau (Ed.): HCII 2023, LNCS 14024, pp. 129–140, 2023.
https://doi.org/10.1007/978-3-031-35946-0_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35946-0_11&domain=pdf
https://doi.org/10.1007/978-3-031-35946-0_11


130 Y. Ding and C. Lin

of wineries. Thus, incorporating the experience economy perspective into the planning
and management of winery experiences is an important issue in the development of
wineries.

Researchers have found that researchs on wineries exist around the world, but with
different emphases. In the current academic research environment, there is a lot of
literature on wine, wineries, and experiential marketing, but there is a lack of research
on experiential design to drive winery visitor experience, participation, and experiential
activity models. How can wineries spread from local markets to foreign markets through
their unique culturalmarkets?Facedwith this problem, the culture, customs, andbusiness
environment of different regions differ, so adjustments need to be made according to the
actual situation, and a more effective way is to construct a reasonable experience model
for wineries.

The objectives of this study are. (1) To examine the successful cases of wineries.
(2) To summarize the successful models of wineries experience activities and provide
theoretical and practical references for subsequent research and wineries management.

2 Literature Review

2.1 Wineries Features

In the past, studies on wineries have focused on the wine industry. Researchers have
emphasized the importance of the physical environment of wineries [3]. Wine tourism
involves many physical features of the wineries, and the physical atmosphere of the
wineries, often constructed from vineyards, landscaping and architectural features, plays
an important role in the satisfaction of visitors who come not only for the wine but
also for leisure and relaxation [4, 5]. Wineries need to showcase their own identity,
but they also need the support of visitors. Wine tourists can seek unique experiences
when visiting wine-producing areas or wineries. Wine tourism is based on visits to
vineyards, wineries, festivals and wine shows, where tasting, learning and experiencing
the attributes of the wines produced are the main motivating and entertaining factors for
tourists [6]. Therefore, the researcher believes that three conditions are required for the
development of a winery. The first is to have an area suitable for growing or storing raw
materials for wine making; the second is that the winemaking and bottling process must
take place in the winery itself; and the third is to refine, transform, and develop its own
characteristics into experiential elements.

2.2 Experiential Activities

The tourism field is now placing more and more emphasis on quality travel experiences,
and therefore, more tourism-related research is being conducted in experience design.
Related tourism companies have focused on visitor experience interaction and high-
quality management strategies, so that we regard the tourism experience as the core of
their products and services. However, the nature of tourism experience differs from the
view of tourism service, such as the interaction of tourists with local landscape and local
people can increase their experience of local exploration, which needs to be designed,
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so experience design is more applicable to tourism experience [7]. We can divide the
elements of experience design into relational and physical contexts. Relational contexts
emphasize the design of interactions between customers and service staff, and between
customers and others, which helps to promote recognition between service providers
and customers. Physical context is the tangible aspect of experience design, such as
service facilities, convenience items, meals, sensory design, etc. Through the design or
atmosphere of these tangible aspects, the information and theme of the service area can
be conveyed [8].

We can realize the purpose of implementing the experiential design in the applica-
tion of scenery. Good scenery can make a good experience for visitors, such as tourists
who look for authentic experiences in wine tours because they want to see how wine is
produced and how the vineyards are managed [9]. It has also been argued that this is
a reproduction of an authentic experience, noting that visitors’ authentic experience of
a winery needs to take place in a satisfying and ‘matched’ service context to enhance
positive emotions, satisfaction and behavioural intentions [10]. In terms of the composi-
tion of the winery experience, the main sources are traditional production activities and
festivals, which still build on traditional production activities but are more attractive.
Festival activities form the central focus of the festival and are what visitors do during
the festival [11, 12]. A large festival event at the University of Iowa included educational
presentations and entertainment, resulting in two constructs, an educational experience
and an entertainment experience [13]. Alcohol is also an essential part of the festival, and
its presence adds to the atmosphere of the event. An Australian cultural festival focuses
on ethnic food and wine experiences, with event variables defined as food, wine, and
entertainment [14]. Therefore, the wineries’ experiences activities could be conducted
in an appropriate service setting as much as possible, introducing an educational func-
tion alongside the entertainment experience, which would make the event impactful and
meaningful.

2.3 Visitor Participation

The participation of tourists is the test of tourism results. Using experience design in
the tourism experience is mainly reflected in the interactivity. Interactivity includes the
interaction between tourists and objects (e.g., art scenes, heritage), between tourists and
social elements of the destination (e.g., other tourists, locals, tourism provide staff, other
relevant social networks), and between tourists and media (e.g., mass media, market-
ing media, etc.) [7]. Similarly, experience design elements for cultural venues can be
explored at the level of touchpoints, customer journeys, social environments, and phys-
ical environments. It mainly focused these experience elements on the social and phys-
ical environment levels, with the social environment level emphasizing the interaction
between customers and service staff and the design of interactions between customers;
the physical environment refers to the design of the interior architecture and atmosphere
[15]. Most of the good wineries have good architectural design and ambience, which
helps to create the right conditions for their own experience, and also facilitates the
participation of visitors.

Most of the research onwinery visitor engagement is based on awine-based,Western
visitor perspective. In terms of wine tourism alone, the potential motivations for wine
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tourism are different between Chinese and Western tourists [16]. The wineries model
has been a tradition in theWest for many years and is a “traditional product” forWestern
consumers, but it is still a novelty for Chinese consumers. Even though many wineries
exist in China, and China has a long history of wine production [17]. Major wineries in
China, such as the Changyu Winery, are designed in an European style, as Chinese con-
sumers have an image of European wineries associated with tradition and prestige [18].
In the past, they theorized that tourists’ unforgettable memories of the experience would
leave a good impression on the company providing the travel service.When tourists have
a quality and memorable experience in a tourist venue, it will eventually help to form
tourism brand loyalty [1, 7]. Therefore, it is important for tourism companies to design
quality experiences and deliver values to visitors through tourism-related resources [19].
In the literature of past wineries, tourists can check the authenticity of the winery during
the trip through specific elements related to its physical atmosphere, namely the wine
production methods used, the use of historic buildings, and the winery landscape [20].
The architecture and landscape of a winery can significantly affect the enjoyment and
arousal of winery visitors [5]. Therefore, the researcher believes that visiting wineries
and wine production areas allows visitors to experience the authenticity of wine pro-
duction through various activities offered by wineries, such as wineries and production
tours and walks through the wineries. Therefore, the natural environment (e.g., gardens,
raw material areas, or winery buildings) affects visitor satisfaction.

3 Methodology

3.1 Case Study

This study adopted the case study approach to investigate the experience design of
wineries’ experience activities in a focused manner. A multiple case study approach
was adopted for the following reasons: First, this study was conducted on four cases,
which quantitatively meets the requirements of a case-oriented comparative research
approach. We focused on the relationship between experience activities and wineries,
identifiedwhat strengths are needed in the experience activities, and examined the effects
of experience activities on wineries. Case study method can help researchers investigate
the theoretical logic in terms of the “how” and “why” behind the questions; thus, this
method is helpful for exploring the potential patterns of the development of wineries.
Second, in terms of testing the feasibility of the theories, this study focused on well-
noted wineries. The multiple case studies method emphasizes the identification of key
theoretical concepts from phenomena and empirical data, and can be phenomenon-
or problem-driven. This is helpful for interpreting the process of the development of
wineries, from pioneering to maturity, comprising such wineries’ characteristics and
experience activities [21].

3.2 Cases Selection

We selected four wineries as research objects: Changyu Winery, Samuel Adams Win-
ery, Macallan Winery, and Miguel Winery. We focus on the leading wineries in wine,
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beer, whisky, and yellow wine to be more representative, as shown in Table 1. In addi-
tion, research shows that companies in the cultural and creative field of wineries are
increasingly combining their business model of creativity to enrich their clients’ travel
experience.

Table 1. Study samples.

Case 
Subjects

Case Photos Case Characteristics

Changyu Win-
ery

Ltd. was established in 2001 
as a joint venture between Yantai 
Changyu Winery Co., Ltd. and 
Castel Group, France. In North 
Yujia, Yantai Economic and 
Technological Development 
Zone, Changyu-Castel Winery is 
a modern winery integrating 
wine-making, tourism, leisure, 
and entertainment.

Samuel 
Adams Winery

Samuel Adams Brewery is the 
original American craft beer 
brewery, in Boston, U.S.A. 
Samuel Adams Brewery has been 
named “America’s Best Beer”
four times and is represented by 
Samuel Adams Boston Lager.

Macallan Win-
ery

Macallan winery was formerly 
owned by Alexander Reid, who 
got one of the few winemaking 
licenses in Scotland at the time in 
1824.

Miguel 
Winery

In 2016, Miguel Winery was 
established in Nantong. Miguel 
Winery is based on combining the 
strengths of internationally re-
nowned areas such as beer, wine, 
and sake, and then refining them 
with the traditional Chinese yel-
low wine process, and then doing 
a boost to speed up this industry.

Source: [22–25]
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3.3 Data Collection and Analysis

Aset of relevant secondary datawere collected fromOctober 1, 2022 to January 22, 2023.
The data sources included academic journals, official accounts, industry websites, public
annual reports of listed companies, and interview videos of relevant wineries. Data from
multiple sources achieve a level of objectivity, startingwith the research question, guided
by evidence-based sources for content interpretation and in-depth analysis, carefully
seeking and building a chain of evidence to support the ideas presented here. This study
ensured that the data complement and cross-validate each other by diversifying the
data sources and triangulating the data using multiple sources, thereby improving the
reliability and validity of the cases [21]. This study’s analytical approach is based on the
analytical viewpoints and explanations using the logical relationships generated by the
multiple cases in order to achieve intrinsic validity. To establish an analytical general
rule, this study observed and compared the creative and experience activities practices
of the four cases in their operations, continuously analyzed the logical relationships
between the concepts, and went through an iterative process of building explanations
through continuous comparison. We thus identified the patterns and structures of the
experience activities of the four cases.

4 Findings and Discussion

4.1 Winery Experience Activities

Changyu Winery is designed in a European style from the point of view of visitor
experience. The square and interior decoration of the winery, as well as the professional
tasting room, are the work of Marcel Mirande, a top French architect, who has expressed
his strength through architecture [22, 26].AmuelAdamsWinery brings visitors toBoston
through advertising and marketing, and they believe the best way to experience it is to
be there in person [23]. Macallan Winery has transitioned the industry, distillation and
brewing of the winery to the human, natural, and harmonious. They hope to create a post-
modern humanism of industrial architecture with its unique design, advanced concept
and strict construction [24, 27]. Miguel Winery has changed its traditional approach to
yellow wine brewing and will focus on the transformation of the yellow wine process,
so that the yellow wine, which is rich in Chinese culture, can reach the international
market [25].

All four wineries have made experience their main strategy for development, which
is consistent with Tussyadiah’s [7] findings that visitors’ interaction with the local land-
scape and local people can enhance their experience of local exploration. In the literature,
Pullman & Gross [8] point out that they can design the experience design for interac-
tion between customers and service staff or between customers and other people; They
can also design it in terms of service facilities, convenience items, meals, and sensory
design to create an atmosphere to convey information and themes related to the winery
venue. This is the same as what they did at Changyu Winery, Samuel Adams Winery
and Macallan Winery from the planning of the architectural space, through the planning
of excellent designers, marketing and promotion to achieve the design, operation, and
other marketing operations of winery activities.
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Changyu Winery aims to establish the cultivation and brewing norms with Chinese
origin standards, to build a modern large industrial winemaking demonstration area
and a 5A-level scenic spot for Chinese wine industry tourism, with entertainment and
educational functions [22, 26]. The Samuel Adams Winery will introduce its history
and educate visitors about craft beer while they visit the brewery [23]. Macallan Winery
has set up a related theme to design the experience with the spiritual home, small stills,
fine cores, and quality European oak barrels as the attributes on which it relies [24, 27].
Miguel Winery through the use of a smart chemical plant, the winemaking process can
be started at the touch of a button, and the winemaking process can be made smart,
bringing stability to the quality of yellow wine production [25].

As discussed earlier in the literature, Roberts & Sparks [9] point out that in applying
scenarios to find authentic experiences, tourists on winery tours want to see how wine
is produced and how the vineyards are managed. In their study, Manthiou et al. [13]
noted that festivals can include educational presentations and entertainment activities,
making the festival an educational experience and an entertainment experience. Savi-
novic et al. [14] suggest that festivals can focus on ethnic food and wine experiences,
and therefore, the event variables are defined as food, wine, and entertainment. It rep-
resented these two scenarios at Changyu Winery, Samuel Adams Winery, and Macallan
Winery. Besides the regular experiences, the wineries offer entertainment and educa-
tional activities to meet the needs of visitors. All four wineries have transformed their
wine production into a communication symbol with their own characteristics, further
realizing the currency through the operation of the experience process and activities,
thus integrating and optimizing the wine products and even the industry chain for their
own better development.

4.2 Winery Visitor Participation

The underground cellars of the Changyu Winery are divided into three storage areas,
which are carefully managed with state-of-the-art equipment to ensure the full brewing
and slow maturation of the various wines stored, and are also available for visitors to
inspect [22, 26]. Samuel AdamsWinery offers a space for visitors to explore a variety of
Belgian-style brews, providing an introduction to beer making [23]. Macallan Winery
has created a new experience center inspired by the old Scottish round stone towers that
blend inwith the beautiful natural landscape around them.The exterior, functionality, and
interior configuration are a far cry from the distillery of old [24, 27]. Miguel Winery has
established a production line with separate winemaking, low temperature fermentation
and precise temperature control through technology, and the production process can be
visited by visitors [25].

According to Tussyadiah [7], he use of experience design in the tourism experi-
ence is noted to be interactive and consistent with the processes that the four wineries
offer for visitor participation. In terms of visitor interaction with art scenes and artifacts,
the idea of providing experiences for visitors through winery scene-making. The inter-
action of visitors with other visitors, locals, tourism provider staff, and other relevant
social networks, through wine making and experience, provides relevant experiences.
The interaction between visitors and the mass media and marketing media allows the
wineries to promote the event and themselves through online publicity. The other four
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wineries were able to mobilize the resources they needed to operate smoothly in their
own situations.

The development of Changyu Winery will help Changyu Industrial Park enhance its
international competitiveness in terms of capacity scale, brewing equipment automation,
grape growing technology, brewing technology, and brand promotion, adding a new
urban highlight toYantai Asia International Grape andCineCity [22, 26]. The innovative
and experimental core fermentation cellar at Samuel Adams Winery is not open to the
public. Inside the winery’s Barrel Room, visitors can learn what made these and other
unique beers possible, as well as learn expert high-end beer identification techniques
and aging varieties [23]. Macallan Winery has guarded the Macallan winery as it has
developed in its original environment and uses good brewing equipment to make the
wine appear rich, full, and fruity [24, 27]. Miguel Winery brings some changes to the
traditional yellow wine industry, using modern equipment and standardized processes
to bring new life to the yellow wine industry [25].

Pine II & Gilmore [1] and Tussyadiah [7] have suggested that when visitors have
a quality and memorable experience in a tourism venue, it ultimately contributes to
the formation of tourism brand loyalty. This is in much the same way that the four
wineries bring good experiences to visitors during their experiential activities hoping to
establish their brands in the minds of consumers. However, this study argues that the
four wineries are not small businesses and that capital and talent are prerequisites, so
what the wineries need is the ability to plan strategically, and that the success of brand
promotion through events will lead to better business development and operations. Bev-
erland has also discussed earlier the section on wineries providing interactive resources
for visitors [20]. He found visitors can examine the authenticity of a winery through
special elements related to wine production methods, the use of historic buildings, and
the physical atmosphere of the winery’s landscape. Changyu winery has captured this
by explaining wine production methods to visitors, redesigning and using the historic
buildings, and expanding the winery, which ultimately makes up good conditions for
forming experiential activities. The results are consistent with the insights presented by
the three scholars mentioned above. All four wineries have followed the principle of
creating a good experience for brand loyalty in their operational development, both in
terms of experience process, event design, and promotional marketing, to be close to
visitors’ lives and to attract their goodwill.

4.3 Winery Visitor Participation

Their constituent elements and activity design support the formation of the wineries’
experience activities.We showed the experiential activities of the fourwineries in Table 2
below. As a whole, the winery culture has a deep foundation in the West, so Changyu
Winery, Samuel Adams Winery, and Macallan Winery are more mature in their devel-
opment, specifically because the process technology related to the three categories of
wine, beer, andwhiskey is alreadymature and can bemechanized tomakewine products,
making the wineries have a stable income. As a yellow wine category, Miguel Winery
is still on the go to revamp the yellow wine process, looking forward to using modern
technology to achieve international standards for their wine. Once the winery has many
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high-quality wines, it usually plans further experiences, such as opening experience
spaces, visiting underground cellars, and offering wine-tasting courses.

Table 2. Essential elements of the Case Winery Experience campaign model

Case Subjects Constituent Elements Activity Design

Changyu
Winery

The European-style manor house
incorporates the best of Chinese
and European architecture
Enhancement of wine-making
equipment to improve production
techniques
Creation of a wine landscape

Open the underground wine
cellar for visitors
Wine-tasting classes are available
for visitors

Samuel Adams Winery Shape the winery experience
space

Promote the history of the
brewery and knowledge of craft
beer during visitors’ tours
Provide visitors with an
experience space to make brewed
beer
Provide professional high-end
beer-tasting courses for visitors

Macallan
Winery

Create a new experience center
Use of high-end wine-making
equipment

Take visitors on a tour of the
newest experience space
Provide visitors with the
opportunity to taste and enjoy

Miguel Winery The focus will be on the
transformation of the yellow wine
process

Visitors can tour the latest yellow
wine production line

Source: Compiled by this study

All four wineries differed in their experience models, and a reasonable winery expe-
rience model can be derived by bringing together the different points of difference. We
show the structure of the wineries experience activities in Fig. 1. As mentioned above,
the model takes the winery as the source and the visitor as the goal. We should equip the
winerywith experience activities that focus on the productionmethods ofwine, the use of
historical buildings, and the creation of wineries landscapes. In terms of activity design,
we can divide it into four directions. The first is to design a reasonable wine-making
process for visitors to practice and experience the charm of wine-making. The second is
to take visitors to the newly built wineries experience center to understand the historical
background and relevant features of the wineries. Third, we will hold courses on wine
appreciation and tasting to make the experience educational and attract more visitors to
the wineries besides wine lovers. The wineries can allow local people to take part in the
activities to guide visitors to become familiar with the local culture and increase their
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interaction with the local landscape and local people. In the end, the wineries experi-
ence model will achieve the effect of entertainment and educational experience, thus
attracting more visitors.

Fig. 1. Winery experience activity model.

In terms of the specific implementation, the wineries must first fully deploy the
required resources according to their situation to make their operation smoother. On
this basis, the design, operation, and marketing of the wineries’ activities are carried
out through the planning and marketing of the event planner. Besides the regular wine-
making activities, the winery offers entertainment and educational activities, such as
wine-tasting classes, to meet the needs of visitors. The wineries need to transform their
wine production into a unique communication symbol that can be further monetized
through the operation of the experience process and activities. Visitors gain experience
through winemaking and experience. They can also interact with other tourists, local
people, and tourismworkerswho are taking part in the experience and post the experience
on social networks, which also promote the winery through the network.

5 Conclusion

We summarize the results of the above studies in this study, and we derive the framework
of the wineries experience activity model. Theoretically, most studies related to winer-
ies focused on business development strategies and industry chains of wineries. Few
studies addressed the activities patterns of game wineries’ operations. This study sought
to address these research gaps. Thus, this study identified the experience activities of
wineries, winery visitor participation, and experience activities model of wineries. These
findings can provide a theoretical basis for future research that further distills the provide
theoretical basis for future research on components of wineries experience design and
how to construct the wineries experience activities model. Our work also has some man-
agerial implications. The design of experience activitiesmay differ betweenwineries and
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general companies. In terms of the design of the experience activities process, winer-
ies place greater emphasis on the service attitudes and international visions of managers,
and how they can properly use the resources and capabilities that the wineries pos-
sess. Regarding future research directions, researchers should adopt a combination of
qualitative and quantitative approaches. The study can be conducted by adding wineries
of the same wine category from different regions. The results of this study can also be
verified with wineries in other regions to further improve the ideas presented in this
study.
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Abstract. Under the development trend of globalization, the cultural creative
industries in various countries began to develop towards localization, striving to
present their local cultural characteristics to theworld throughvarious products and
enhance their own cultural soft power. Against this background, museums around
the world began to seek new ways of communication. The Palace Museum, which
has more than 10 million followers in Sina Weibo, is relatively more influential
among the top ten museums in China. Therefore, this study takes the 10 cultural
creative products with the highest sales volume in the new categories of the offi-
cial flagship store of the Palace Museum in China as the subjects, and explores
the differences in the emotional experience of Chinese consumers on the cultural
creative products of the Palace Museum. The study shows that (1) The emotional
experience of consumers of different ages is similar, and the emotional identi-
fication of males is significantly higher than that of females; (2) The emotional
experience of different age groups is similar; (3) The emotional experience of
those with college degree is stronger; (4) Design-related majors have the lowest
scores, while liberal arts majors have higher scores; (5) Low-income groups have
more obvious emotional experience of cultural creative products.

Keywords: The Palace Museum · Cultural Creative Products · Cultural Codes ·
Purchase intention

1 Literature Review

1.1 Cultural Creative Products

In 2016, The cultural creative products of museums led by the cultural creative products
of the Palace Museum bring opportunities to the whole cultural creative industry of
museums. At present, thousands of museums, art galleries and memorial halls have
developed cultural creative derivatives based on their collections. The market size of
cultural creative industry has reached 41.35 billion yuan. In 2021, the market size of
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Chinese cultural creative industry was 87.267 billion yuan, a year-on-year increase of
15.57% [1]. The production of cultural creative products involves transformation from
local history and culture into cultural images, and creative design, so that they can
become products boasting both culture and creativity. With the vigorous development
of knowledge-based economy, consumers begins to pay more attention to the spiritual
value attached to products instead of their functions alone. Their cognition and purchase
intention of cultural creative products play a decisive role in the development of the
cultural creative industry. “Culture” is a shape of life like thought, and “Industry” is a
production and marketing mode [2]. Culture also generally refers to various forms of
human activities and their symbolic structures [3]. Through cultural creative industries
and the impact of Eastern and Western arts, countries around the world create a social
atmosphere in pursuit of freedom, so that local arts can develop and culture can penetrate
into people’s daily life. Furthermore, cultural contents are also used as an investment
tool to make profits, and the cultural creative industry has thus transformed into a new
business form.

1.2 Emotional Experience of Cultural Creative Products

Products can be regarded as a medium to stimulate users’ emotions. When products
concern what users pay special attention to, they can stimulate their emotions, which
also affects users’ cognition of whether they have special views and preferences for
the products [4]. Lynch and De Chernatony [5] believed that emotion can enhance the
brand value and tap the potential of creativity, and it can create sustainable differential
advantages, that is, when the product can meet the basic needs of consumers and provide
a joyful process, then consumers can develop positive emotion for the brand through
emotion for the product [6]. The research on emotions in art and design has attracted
more andmore attention. DonNorman [7] pointed out in the bookEmotional Design that
emotional design is divided into three levels, namely, visceral, behavioral and reflective.
Thevisceral level focuses onuser’s visual, auditory and tactile experience; In thebehavior
level, users focus on the function, understandability, usability and physical feelings of
products; The reflective level focuses on the information, culture and meaning in use
brought by products to users. Therefore, under the guidance of Donald A. Norman’s
theory, this study takes the cultural creative products sold in the official flagship store
of the Palace Museum in Taobao as the subjects, and studies consumers’ emotional
experience and purchase preference.
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1.3 Purchase Intention of Cultural Creative Products

Reflective level. In addition to clearly positioning and segmenting the products, the way
for enterprises to gain competitive advantage in the market is to appeal to customers’
aesthetic feeling and emotional needs, so that products are no longer pure products, but
can win consumers’ hearts [8, 9]. The product that can be successfully sold is often
determined by its beautiful appearance, the feelings of pleasure it produces and the
sense of satisfaction it has brought to customers [10, 11]. Good product design can not
only attract consumers’ attention and promote communication with consumers, but also
enable consumers to increase their purchase intention by their user experience [12].
Purchase intention means that consumers have preference for purchasing designated
products or certain services and are willing to pay for such products or services. That is
to say, consumers insist on purchasing the products after a series of evaluations, which
means, they have purchase intention. Consumers’ behavior tendency is closely related to
their purchase intention and actual purchase behaviors, which can reflect every process
of each consumer in obtaining products [13]. Engel, Blackwell andMiniard [14] believed
that purchase behavior is a psychological decision-making process. Consumers would
seek relevant information for their own needs. After further evaluation and comparison
of information collected, they would make purchasing decisions, and use this experience
as a reference for future purchasing decisions, that is, consumers’ “purchasing decision-
making process”. Purchase intention is the possibility of consumers to buy a certain
product or service, and the higher the purchase intention, the greater the probability of
consumers to buy it [15].

This study selected the cultural creative products of the Palace Museum as the sub-
jects. In Taobao’s official flagship store for online sales, those with the highest sales
volume in each product category were selected for case studies. For example, 10 cultural
creative products were regarded as the research objects, such as twelve-flower-scented
solid perfume in fragrance series, lucky rabbit red agate bracelet and necklace in jewelry
series, the Imperial Palace snow relief lipstick in make-up series, Vast Land travel tea
set in tea set series, palace cat notebook in stationery series. As shown in Table 1, the
differences in purchase preferences of users from different backgrounds are explored
through independent samples T-test and ANOVA analysis. The research purposes are
briefly described as follows:

a. Differences in emotional experience of cultural creative products in the Palace
Museum for consumers from different backgrounds;

b. Differences in emotional experience of cultural creative products in the Palace
Museum for consumers with different incomes.

2 Research Methods

In this study, questionnaire surveys are adopted for statistics and analysis. The purpose
of the questionnaire is to understand the consumer’s value orientation of cultural creative
goods in the Imperial Palace. The subjects are asked to fill in the structured questionnaire.
A total of 135 valid questionnaires were collected in this study. There were 51 males and
84 females in terms of gender; There were 29 people aged 19 and below, 68 people aged
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Table 1. Subjects of study.

Category P1 Fragrance P2 Jewelry P3 Make-up P4 Tea Set P5 Stationery 

Item Name Twelve-Flower-
Scented Solid Per-
fume 

Lucky Rabbit Red Agate 
Bracelet and Necklace 

Imperial Palace Snow 
Relief Lipstick 

Vast Land Travel 
Tea Set  

Palace Cat Notebook 

Category P6 Souvenir P7 Household Prod-
ucts 

P8 Mascot P9 Fan P10 Paintings and Cal-
ligraphy 

Item Name Rabbit children's 
portable lantern 

The animal year red socks Baby reunion doll 
ornaments 

Mini moon-shaped 
fan 

New year peace and safety 
hanging paintings  

20–29, 19 people aged 30–39, 11 people aged 40–49, and 8 people aged 50 and above
in terms of age; There were 30 people of design-related majors, 43 people of art-related
majors, 11 people of liberal arts majors, 20 people of science and engineering majors,
and 31 people of other majors in terms of majors; There were 5 doctors, 17 masters,
77 undergraduates, 12 junior college graduates, and 24 people with senior high school
degree and below; in terms of educational background, There were 62 people with no
income, 12 people with 2,000 yuan or less, 14 people with 2,000–3,000 yuan, 19 people
with 3,001–5,000 yuan, 21 people with 5,000–10,000 yuan and 7 people with 10,000
yuan or more in terms of monthly income. The questionnaire consists of two parts. The
first part is basic information, including gender, age, educational background, major,
income and 4 question items, that is, general evaluation of the cultural creative products
of the PalaceMuseum. The second part takes 10 representative cultural creative products
in Table 1 as examples, and four questions: cultural connotation, creativity, recommen-
dationwillingness and your preference for the creative products as the general evaluation
items, uses the 5-point Likert scalewhich gives 1 to 5 points to response options “strongly
disagree”, “disagree”, “neither agree nor disagree”, “agree” and “strongly agree”, and
puts relevant product information in the questionnaire, so that consumers are clear about
the basic information of products when filling out the answers.

3 Research Results

3.1 Reliability and Validity Analysis

Statistical analysis found that the Cronbach’s alpha was 0.971. Sapp pointed out that
the Cronbach’s alpha was acceptable when it was 0.8–0.9, and when it was above 0.9,
it meant it had good reliability [16], which indicated that the questionnaire had good
reliability. The total correlation for each dimension and item was from 0.576 to 0.765,
and the “Cronbach’s alpha after deletion” was 0.970 to 0.971, which can be seen that
the internal consistency between the topics is relatively high and the topic selection is
reasonable. Through the validity analysis, it can be seen that the KMO value was 0.905,
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which was of high value, the Sig value was 0.000, which was very significant, and the
eigenvalue was 18.907.The factor loadings of each question were from 0.603–0.788, and
the commonality was from 0.363–0.621. Sapp pointed out that it is good when the factor
loading is above 0.5, it was ideal when it is above 0.7. It is good when the commonality
is above 0.3, and it is ideal when it is above 0.5. The factor loading and commonality of
each question are both higher than the ideal value, indicating good validity.

3.2 Analysis on the Differences in Variables Due to Different Genders

Taking the gender of the subjects as the independent variable and the four general
evaluation questions as the dependent variables, this study adopted independent sam-
ples T-test to explore the differences in emotional experience of consumers of different
genders for cultural creative products. The results are shown in Table 1. Consumers
have cognitive differences in the creativity and cultural connotation of Twelve-Scented-
Flower Solid Perfume, and the score of males is significantly higher than that of females.
Twelve-Scented-Flower Solid Perfume takes the cloisonné enamel box collected in the
Palace Museum as the shape of the perfume, and is decorated with flower goddess dress
which goes with corresponding fragrance. Flower goddess dresses are costumes worn
by ancient actresses when they play flower goddesses in each month. Each dress shows
the seasonal characteristics of the current month and integrates the key elements of the
season, such as the August laurel theme of Mid-Autumn Festival, in which the main
patterns are white rabbits and sweet-scented osmanthus. This solid perfume is full of
creativity in appearance design, and incorporates cultural connotation of Chinese tradi-
tional festivals. Its unique creative design is closely connected with people’s lives. The
features and design thinking of cultural creative products of the Imperial Palace are not
only about creativity. What’s more, along the 5,000-year history of the Imperial Palace,
they have dug out the hidden elements of “Forbidden City Culture” as the carrier of
communication and made continuous development. Thus, the consumers have obvious
emotional experience. Compared with females, males are more rational in aesthetic psy-
chology, so they pay more attention to creativity and cultural connotation in purchase
behaviors, and female consumers pay more attention to the appeal of the appearance
features of products when consuming cultural creative products. Therefore, males have
greater emotional experience than females (Table 2).
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Table 2. T test analysis of gender and characteristic differences.

Product Variable LEVEN Test for
Equal Variance

Mean Versus T Test

F Significance T Coefficient of Comparison

P1 creativity 3.784 0.054* 1.981 Man > women

cultural connotation 0.016 0.898* 2.036 Man > women
*p < .05.**p < .01. ***p < .001

3.3 Analysis on the Differences in Variables Due to Different Ages

Variance differences test was respectively carried out on ages and four aspects of gen-
eral evaluation. It turned out that consumers’ scores on creativity, cultural connotation,
willingness to recommend to relatives and friends and preferences of these 10 cultural
creative products were relatively consistent. It can be seen that consumers of different
ages have close scores in the above-mentioned four aspects, there is no significant differ-
ence in these scores, and they have gained relatively consistent emotional experience. In
this study, the series of fragrance, jewelry, make-up, tea set, stationery, souvenir, house-
hold products, mascot, paintings and calligraphy, and fans of cultural creative products
of the Imperial Palace are selected as the research objects. Compared with monotonous
and simple products, cultural creative products basically contain cultural connotations,
which are both practical and aesthetic. The cultural creative products of the Imperial
Palace have realized creative entertainment, paid attention to reshaping the brand image
of being fresh, young and down-to-earth, attracted consumers of all ages, catered to the
entertainment needs of consumers, and enabled the public to obtain relatively consistent
emotional experience after consumption experience.

3.4 Analysis on the Differences in Variables Due to Different Majors

Variance differences test was respectively carried out on majors and four aspects of
general evaluation. It turned out that the consumers had cognitive differences on the
creativity, cultural connotation, willingness to recommend to relatives and friends and
preferences of 10 cultural creative products. The results are shown in Table 3. Consumers
show differences in emotional experience regarding scores of P1, P4, P7, P9 and P10. For
P1 Twelve-Scented-Flower Solid Perfume and P4 Vast Land travel tea set, regarding the
scores of recommendation willingness and creativity, consumers of “other” majors have
higher scores, while those of design majors have the lowest scores. The cultural creative
products are all adapted from the buildings and collections of the Imperial Palace and
the details of court culture, which are based on sufficient historical sources and full of
creativity and bright ideas of the development team. Consumers of design majors have
a higher pursuit of beauty, so in the consumption activities of cultural creative products,
they can deeply understand and analyze the design of products, thus getting lower scores.
For P7 the animal year red socks, regarding the creativity of design, those of science
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and engineering majors have the highest scores, and those of design related majors
have the lowest scores, because consumers of design majors attach more importance to
the application of creativity. For P9 mini moon-shaped fans and P10 new year peace
and safety hanging paintings, those of liberal arts majors have the highest scores. The
Palace Museum is at the forefront in creating cultural products, digging deep into the
rich royal cultural elements of Ming and Qing Dynasties. By integrating the 5,000-year-
old buildings of the Palace Museum, the cultural relics of the Palace Museum and the
stories behind them, with fashion expression concept that modern people like, it has
been turned into a museum with the cultural connotation of the Palace Museum and
distinctive characteristics of the times, that caters to the actual needs of the republic.
Compared with consumers of other majors, those of liberal arts related majors have
much more knowledge of history and culture, so they can sense the cultural connotation
and historical beauty in the process of purchasing and appreciating the cultural creative
products of the Imperial Palace, thus enhancing the overall level of preference.

Table 3. ANOVA analysis of differences between specialty and characteristic evaluation.

Product Variable LEVEN Test for Equal vari-
ance 

Mean Versus T Test 

F Mean St post hoc 
P1 recommendation willingness 2.972* 3.86 0.874  
P4 creativity 2.469* 4.00 0.838  
P7 creativity 2.729* 3.76 1.002  
P9 cultural connotation 2.584* 4.10 0.866 
P10 preference 2.636* 4.12 0.873 

*p＜.05.**p＜.01. ***p＜.001（1= Design correlation，2= Art correlation，3= Liberal arts correlation，4=

Science and technology correlation，5= Other major）

P1 recommendation willingness：5(4.16)>4(4.15)>2(3.79)>3(3.64)>1(3.53) 

P4 creativity：5(4.29)>4(4.25)>3(4.00)>2(3.84)>1(3.77) 

P7 creativity：4(4.20)>5(4.03)>3(3.82)>2(3.53)>1(3.50) 

P9 cultural connotation：3(4.45)>4(4.35)>5(4.29)>1(4.03)>2(3.81) 

P10 preference：3(4.36)>5(4.39)>4(4.30)>2(4.02)>1(3.77) 

3.5 Analysis on the Differences in Variables Due to Different Majors Analysis
on the Differences in Variables Due to Different Educational Backgrounds

Variance differences test was respectively carried out on educational backgrounds and
four aspects of general evaluation, and the results were shown in Table 4. Consumers
show significant differences in emotional experience regarding scores of P1, P4, P6,
P7, P8, P9 and P10. For P1 Twelve-Scented-Flower Solid Perfume and P4 Vast Land
Travel Tea Set, there were significant differences in creativity and recommendation
willingness of products, and those with high school degree and below had higher scores
than consumers above bachelor’s degree. For P6 Rabbit Children’s Portable Lanterns,
consumers with junior college degree had higher scores than undergraduates in terms
of cultural connotation and consumption willingness of products. The consumers with
junior college degree had the highest scores in creativity for P7 animal year red socks and
in cultural connotation for P8 baby reunion doll ornaments. For P9 mini moon-shaped
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fan and P10 new year peace and safety hanging paintings, the junior college graduates
had the highest scores and the doctors had the lowest scores in terms of preference and
recommendation willingness.

Table 4. ANOVA analysis of differences between educational background and characteristic
evaluation.

Product Variable LEVEN test for equal variance Mean Versus T Test 

F Mean St Post Hoc 
P1 creativity 2.446* 3.87 0.888  

recommendation willingness 3.504** 3.86 0.874 5>3 
P4 creativity 2.490* 4.00 0.838  

recommendation willingness 2.465* 3.83 1.004  
preference 5.289*** 3.87 0.937 4>3,5>3 

P6 cultural connotation 2.944* 4.16 0.771 4>2,4>3 
recommendation willingness 3.493* 4.33 0.816 4>3 

P7 creativity 3.198* 3.76 1.002  
cultural connotation 4.148** 3.86 0.948  

P8 cultural connotation 3.252* 4.04 0.818  
P9 cultural connotation 3.577** 4.13 0.845 4>2 

preference 2.961* 4.07 0.895  
P10 recommendation willingness 2.945* 4.01 0.926  

preference 3.039* 4.12 0.873  
*p＜.05.**p＜.01. ***p＜.001（1= Doctor degree，2= Master's degree，3= Undergraduate，4= Junior Col-

lege，5= Senior high school and below）
P1  creativity:1(4.25)>4(4.20)>5(4.17)>2(3.94)>3(3.68) 
P4  creativity: 5(4.38)>1(4.20)>4(4.17)>2(4.12)>3(3.82) 

recommendation willingness: 4(4.25)>5(4.21)>1(4.20)>2(3.82)>3(3.62) 
P7  creativity：4(4.33)>5(4.21)>3(3.61)>2(3.53)>1(3.40) 

cultural connotation：4(4.50)>5(4.29)>1(3.80)>3(3.71)>2(3.47) 

P8  cultural connotation：4(4.50)>5(4.25)>3(3.61)>1(3.60)>2(3.59) 

P9  preference：4(4.67)>5(4.29)>3(4.03)>2(3.71)>1(3.60) 

P10  recommendation willingness：4(4.67)>5(4.25)>2(4.06)>3(3.84)>1(3.60) 

preference：4(4.67)>5(4.46)>2(4.00)>3(3.97)>1(3.80) 

3.6 Analysis on the Differences in Variables Due to Different Monthly Incomes

Variance differences testwas respectively carried out onmonthly incomeand four aspects
of general evaluation. Consumers of different income groups had obvious differences in
emotional experience regarding P6 rabbit children’s portable lanterns, but there was no
significant difference in emotional experience of other nine cultural creative products.
The results were shown in Table 5. Lanterns, also known as festive lanterns or colored
lanterns, are a symbol of good fortune and festivity. They are often used in the court
to enhance the festive atmosphere. Designers inspired by the images of palace cats and
moon rabbits made exquisite and interesting lanterns. 2023 is the Year of the Rabbit in
Chinese New Year. Consumers have special emotional experience for cultural creative
products containing rabbit elements, and are more willing to recommend relatives and
friends to buy them. Consumers with monthly incomes of 2000–3000 had the highest
scores of emotional experience, and those with monthly income of more than 10,000
yuan had the lowest scores. The official price of rabbit children’s portable lantern is 29
yuan, which is within the range of consumption level of ordinary income groups, so
that they are more willing to recommend it to relatives and friends after consumption
experience. However, consumers with monthly income of more than 10,000 yuan have
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higher living standards, pay more attention to product quality during consumption and
are more capable, so they are less willing to consume and recommend rabbit children’s
portable lanterns.

Table 5. ANOVA test analysis of differences between income and characteristic evaluation.

Product Variable LEVEN Test for Equal Vari-
ance 

Mean Versus T Test 

F Mean St Post Hoc 
P6 recommendation willingness 2.685* 4.03 0.889 

1= Temporary absence of income，2=2000yuan and below，3=2000-3000 yuan，4=3001-5000yuan，

5=5001-10000yuan ，6=More than 10,000 yuan. 
P6  recommendation willingness:3(4.50)>5(4.33)>2(4.25)>4(4.11)>1(3.77)>6(3.86) 

4 Conclusions and Suggestions

On the basis of aforesaid studies, it can be seen that consumers from different back-
grounds have both the same and significantly different emotional experience of cultural
creative products in the Imperial Palace. The conclusions of this study are as follows:

1. Consumers of different genders have cognitive differences in the creativity and cul-
tural connotation of Twelve-Scented-Flower Solid Perfume, and the scores of males
are significantly higher than those of females. Compared with female’s delicate think-
ing and feelings, males pay more attention to the creativity and cultural connotation
of products when buying cultural creative products due to their rational thinking.

2. Consumers of different ages have relatively consistent emotional experience of cul-
tural creative products, with no significant difference. The consumer groups of cul-
tural creative products in China are mainly young people, and young people play
a key role in consumption of cultural creative products in the Palace Museum. The
younger generation has unique consumption concepts and behaviors. The cultural
creative products of the Palace Museum are of economic value, cultural value, tech-
nical value, artistic value and practical value. For different age groups, there should be
reasonable differences in the perception of economy, culture, technology and artistic
connotations. In the future, cultural creative products can be designed and developed
for different age groups to better meet the consumption needs of different age groups
for them.

3. There are significant differences in the emotional experience of cultural creative
products for consumers with different educational backgrounds. From the results
above, it can be seen that those with junior college diploma have the highest scores
in most aspects, and there are also significant differences in scores of groups with
other educational backgrounds. Consumers have different educational backgrounds,
knowledge reserve and perception of things, so there are great differences in their
scores.

4. Consumers with different professional backgrounds have significant differences in
emotional experience of cultural creative products. According to the results of this
study, the scores of consumers of design-related majors are relatively low, while
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those of liberal arts majors are relatively high. Consumers of design-related majors
tend to pay more attention to the creativity of products when buying cultural creative
products, while those of liberal arts-related majors tend to capture the connotation of
history and culture. In the later period, the production of cultural creative products can
start from the professional characteristics of science and engineering related majors
and art related majors, create more cultural creative products that meet consumers of
other majors, and enrich the diversity of players in the consumer market.

5. Different income groups have some differences in emotional experience of cultural
creative products. Consumers’ consumption capacity is determined by their income
level. Consumers with lower incomes have more factors to consider during consump-
tion, and their consumption level is within a reasonable range. In the future, some
cultural creative products will be designed for consumers whose monthly income is
more than 10,000 yuan, so as to enhance their consumption willingness. The factors
that affect the consumption willingness of high-income groups for cultural creative
products still needs further study and discussion.

In the future, the Palace Museum can cooperate with more high-quality enterprises
with the same cultural concepts, good social reputation and economic strength. Through
the strategies of complementary advantages, they can jointly develop creative products
with added value of high-level creativity and representing excellent Chinese traditional
culture, so that consumers can directly touch the Imperial Palace through these products,
feel the profoundness and aesthetic connotation of the ForbiddenCity culture, and realize
the inheritance and promotion of Chinese traditional culture. Follow-up research may
focus on in-depth and systematic studies on the cultural creative products of provincial
museums, and explore other factors that affect the differences in consumers’ emotional
experience.
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Abstract. Shifting from an informational to experiential age, Virtual
Reality (VR) represents a new revolution of natural human-computer
interaction. However, pricey VR devices and the complicated setup
greatly discourage the diffusion of VR and isolate users from one another.
This paper proposes an interactive art installation titled “Immersive
Museum”, which provides a theatrical virtual museum experience that
engages sight, sound, touch, and behaviors. The proposed system focuses
on enhancing interaction and immersion in a Virtual Environment (VE)
by allowing a user to interact with the virtual museum through head
orientations, body movements, and facial expressions.

Keywords: Virtual Environment (VE) · Body Center Interaction
(BCI) · Immersiveness

1 Introduction

A museum is a collection of art history and human civilization. It classifies
cultural evidence and then presents it in the form of statues, textiles, paintings,
drawings, etc. When walking in a museum, surrounded by great art, we immerse
ourselves in human civilization. However, our interaction with artworks is limited
and unnatural. We can be easily distracted from our beautiful imagination of the
art world. As immersive Virtual Reality (VR) technology matures, a number of
existing museums like the Palace Museum in Beijing, MOCA Los Angeles, and
the British Museum have begun to use VR for developing virtual museums and
sharing their collections worldwide [1–4]. VR can transcend a physical location of
a built environment [5] and has a formidable ability to immerse people in artistic
illusions [6], but like any new technology, it brings challenges as well. Currently,
VR headsets can produce the effect of real vision but can also cause anxiety and
motion sickness because there is a disconnect between a user’s physical body
and sensory experience [7]. Moreover, VR devices are expensive and difficult to
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maintain. The VR headsets make direct contact with the eyes and skin, and this
can easily transmit infections. On the other hand, vision has been considered
an important sense for developing human perceptions and experiencing space.
Therefore, most VR projects focused on visual development and high-resolution
display to immerse people. However, immersion is not just a visual sense. There
are different aspects to it. Building a museum in a Virtual Environment (VE)
means there would be no limits to space, financial resources, and interaction
methods. A virtual museum should have the potential to host the history of
humanity and provide an enjoyable, immersive user experience.

Therefore, instead of being obsessed with visual development only, the
Immersive Museum system creates immersion in three distinct ways: maximiz-
ing body interactions, associating visual displays with a user’s behaviors, and
reducing the response time of the virtual space. In addition, to avoid motion
sickness, the proposed system eliminated VR headsets and allowed the human
body to become the interface. It used portable devices such as sensors and a
face-tracking system for digitizing human behaviors and facial expressions.

2 Related Works

2.1 What Interactions Can Make People Feel “immersed” in a VE?

Movement-Produced Stimulation. According to the vision experiment per-
formed by Held and Hein in 1963, self-produced movement with its concurrent
visual feedback is necessary for developing normal visual perception [8]. In this
experiment, a pair of kittens was harnessed to a carousel, one of them could
move freely by itself while the other one was placed in a gondola. They received
the same visual stimulation with the important difference that one kitten could
move actively, while the other kitten moved passively. The experiment results
showed that only the self-moving kitten developed a normal visual perception.
The other one, which was deprived of self-actuated movement, behaved as if it
was blind.

Body Center Interaction (BCI). Based on a previous study, the degree of
immersion in a VE is increased by adding additional, and consistent modalities,
a greater degree of body tracking, richer body representations and decreased
lag between body movements and result changes [7]. It is also necessary for the
actions that a person makes in a VE to be intuitively associated with the cor-
responding actions that they would need to take in everyday reality [7]. This
conclusion is supported by Schuemie et al.’s research on presence in VR. There
were 246 people participating in this survey after using different VR devices.
The results showed that “Body Movement” (ranked 4th) and “Head Tracking”
(ranked 5th) can make users feel more immersed in a VE than “Illusory Inter-
action” (ranked 7th) and “Social Cues” (ranked 8th) [9].
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2.2 How to Digitize Human Behaviors in a Virtual Museum?

The natural and common behaviors people perform in a museum include:

1. Walking/Movements: including both head pose and body movement, which
enable a user to change view and position.

2. Taking photos: a user can use external devices (such as a camera or mobile
phone) to “save” artworks.

3. Moving eyes and mouth: facial expressions that indicate a viewer’s emotion.
For example, a slight pupil dilation indicates being attracted.

Head Pose Estimation. In the context of computer vision, head pose esti-
mation is the ability to infer the orientation and position of a head relative to
a global coordinate system [10,11]. A head pose is limited to three degrees of
freedom (DoF), which can be characterized by pitch, roll, and yaw angles.

Eye Aspect Ratio (EAR)/Mouth Aspect Ratio (MAR). Previous studies
have proposed a real-time algorithm to detect Eye/Mouth state using facial
landmarks [12,13]. According to the study, the value of the EAR and MAR can
be calculated by using the key 2D facial landmarks [12]. When the EAR is less
than 0.20, it means that the eye of a user is closed; when the MAR is greater
than 0.60, it means that the mouth of a user is opened [13].

3 System Overview

The Immersive Museum includes three components, a 3D virtual museum devel-
oped with Unity3D software, a face-tracking system for monitoring a user’s real-
time facial expressions, and a motion-tracking system for a user to change view-
points and move freely in the virtual museum (see Fig. 1).

A user could interact with the proposed system as follows:

1. When the system was launched, the user saw the virtual scene and digital
artworks projected on the screen.

2. The user changed viewpoints in the virtual museum by slightly rotating his
head. This interaction allowed the user to enjoy the details of each artwork
from all points of view.

3. The user moved freely in the virtual museum by stepping on different foot
pads.

4. The user heard a story about each artwork by stepping closer to it. The sound
system corresponded to the distance between the user and the display. The
sound would be louder when the user got closer.

5. Eye blinking triggered the “Take Photos” command. The system automati-
cally took a screenshot of the current scene when the user blinked his eyes.

6. Mouth opening triggered the color change of the 3D sculptures. Under the
default condition, the 3D sculptures were gray. When the user opened his
mouth, the 3D sculptures would display the preset colors.
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Fig. 1. System Construction: the proposed system includes a 3D virtual museum devel-
oped with Unity3D, a face-tracking system for monitoring a user’s real-time facial
expressions, and a motion-tracking system for tracking a user’s head orientation and
movements.

Fig. 2. Visual Elements: (a) 2D book illustrations (b) Interactive 3D sculptures.

3.1 The 3D Virtual Museum

The visual and audio elements in the virtual museum were developed with
Unity3D software and contained:

1. Static images such as book illustrations created in the 18th century. (see
Fig. 2(a))

2. Interactive 3D sculptures such as mythical beasts created by computer graph-
ics. (see Fig. 2(b))

3. Audio sources [14] that were related to the art, history, and collections of the
virtual museum.
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3.2 Motion Tracking System

We first developed a motion tracking device (6 DoF) with an MPU-6050 sen-
sor and Arduino for monitoring a user’s head orientation. The MPU-6050 sen-
sor combines a 3-axis gyroscope and a 3-axis accelerometer, together with
an onboard Digital Motion Processor, which processes complex 6-axis Motion
Fusion algorithms [15]. We then used Arduino for reading the sensory data such
as Yaw, Pitch, and Roll values, and sending them to Unity3D via Bluetooth.
Finally, we created a C# script in Unity3D for processing the sensory data and
using it to manipulate the Camera component [16]. The process for mapping the
sensory data with the Camera behavior (transform rotation and position) has
been summarized below:

1. First, we determined the range of a user’s head pose (Pitch, Yaw, Roll) [17],
Pitch ∈ [Pmin, Pmax], Y aw ∈ [Ymin, Ymax], Roll ∈ [Rmin, Rmax]. The sen-
sory data that was out of the range would not be processed by the system.
According to a previous study, the range of head motion for an average adult
male includes a sagittal flexion and extension (Pitch) from −60.4◦ to 69.6◦,
a frontal lateral bending (Roll) from −40.9◦ to 36.3◦, and a horizontal axial
rotation (Yaw) from −79.8◦ to 75.3◦ [18].

2. Then, we used the map range formula to convert the incoming data into a
rotation angle in the 3D virtual museum (nPitch, nYaw, nRoll). For example,
if the sensory data X ∈ [Xmin,Xmax] and the field of view in the 3D scene
is [a, b], the formula for this transformation is:

X ′ = a +
b − a

Xmax − Xmin
∗ (X − Xmin) (1)

3. Finally, we created a local Quaternion variable in Unity3D and use it to
manipulate the Camera rotation:

Q = Quaternion.Euler(−nPitch ∗ RotationSpeed,

−nY aw ∗ RotationSpeed, nRoll ∗ RotationSpeed)
(2)

Camera.Transform.rotation = Q (3)

This allowed a user to change viewpoints in the VE by slightly rotating the
head. The real-time data transmission gave the user an accurate and imme-
diate response.

There were four pads on the ground. A user could move forward, backward, left,
and right in the virtual museum by stepping on different foot pedals.

3.3 Face Tracking System

The FaceOSC software [19] was selected to read facial data from a webcam
and track an array of perceptual signals, including 68 facial landmark points
(XY-pairs), face poses, and face gestures. The signals were in raw numerical
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form (e.g., raw/position 300.93, 168.44; pose/scale 0.23, 0.14, 0.10; eye/left 3.08)
and forwarded to Unity3D over Open Sound Control (OSC, a communication
protocol for sending information between computers, sensors, and multimedia
devices) (see Fig. 3).

In Unity3D, we wrote a C# script to achieve the following goals:

1. It used key facial landmark points to calculate MAR and EAR:

MAR =
‖P62 − P68‖ + ‖P64 − P66‖

2 ∗ ‖P49 − P55‖ (4)

EAR(right) =
‖P38 − P42‖ + ‖P39 − P41‖

2 ∗ ‖P37 − P40‖ (5)

If the MAR value was greater than the threshold (set to 0.60), it means
that the user opened his mouth and this would change the color of the 3D
sculptures. If the EAR value was less than the threshold (set to 0.20), it
means that the user blinked once and if the time between two blinks was less
than 1 s, the system would take a screenshot of the current scene. (see Fig. 4)

2. It used the face scale (0< s < 1) value to adjust the volume of the 3D sound
system:

audioSource.volume = a0 + s ∗ a0 (6)

4 System Implementation

The setup of this system consists of a projector, a large screen, a webcam, a
stereo system, a motion-tracking device, four foot pads, and a computer with an
Intel Core i7 2.9 GHz processor, 16 GB of memory, and an Intel HD Graphics
630 graphics card (see Fig. 5). The participant put on the motion-tracking device
and stood in front of the installation. The participant’s facial data was captured
by the webcam in real time.

5 Result and Discussion

The proposed system had been tested with people from different professional
backgrounds. The representative quotes have been summarized below:

“I love that there are no VR goggles on my head. However, it would be better if I
did not need to wear any sensor.” (a graduate student in Digital Media Design)

“I need a cue that tells me what will happen next and what I should do...It
would be great to have a storyline for this experience. The combination of tech-
nical capacity and emotional resonance can motivate people to dive deeper” (a
professor of UX Design)
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Fig. 3. FaceOSC software

Fig. 4. (a) 68 facial landmark points; (b) By Default, the 3D sculptures were gray; (c)
Open mouth changed the colors of 3D sculptures.

“I didn’t realize that I can take a photo by blinking my eyes. I need a response
from the system to indicate this interaction.” (a software developer)

“I felt awkward because I need to open my mouth to interact with the system.
How can you immerse people by asking them to do this awkward behavior?” (a
senior manager)
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Fig. 5. Physical Setup

Fig. 6. A user’s head orientation was tracked by a webcam and the real-time face
tracking algorithm. A user changed viewpoints in the virtual museum by rotating her
head. (a)Yaw: a head rotation to the left or to the right; (b)Roll: a downward or upward
head rotation; (c)Pitch: a head tilt toward the shoulders.

Most participants loved the idea that there were no VR headsets but they also
suggested reducing the size of the current motion-tracking device. Ideally, the
tracking device should be light, wearable, and invisible. The size of the tracking
device can be greatly reduced with a micro CPU and a tiny battery. In addition,
we tried to remove all the sensors and measured a user’s head orientation only
by a webcam. We used the tracking data to change a user’s viewpoints in the
virtual museum (see Fig. 6). The system works well in most cases. However, the
face tracker might lose track in complex background or poor light.

Some participants felt that “Moving” by both head orientation and foot
movements broke the limitation of the space and made them feel immersed in
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the virtual museum. We also found that to avoid motion sickness, the amount of
vertical head variation should be reduced and yaw behavior could be increased.
These findings are consistent with Slater and Usoh’s study [7].

“Changing the colors of virtual sculptures” by opening the mouth was effec-
tive for some participants. It made them feel that they were communicating with
the virtual artworks. However, a few of the participants felt awkward about this
interaction. The “eye blinking” interaction was not obvious and effective for most
participants. It had been suggested to use a more accurate and smart sensory
system and provide a response such as a flash or a sound to indicate this inter-
action. Finally, some participants suggested developing a storyline to make the
experience more meaningful.

6 Conclusion and Future Work

A physical museum contains unique emotions and memories that cannot be
replaced by a virtual museum. However, VR can be used as an extension and
complement. People can stay in their own homes and see the exhibits remotely.
This is more convenient and accessible. VR provides at-home viewers with perfect
lighting, all the possibilities to enjoy artwork, and the experience of entering
actual art. In addition, the interactive storytelling ability of VR can make the
museum experience more appealing to the younger generation.

A truly immersive experience requires more than just convincing visuals.
Replacing VR headsets with head and face tracking technologies, will not only
free users from clunky headgear but will allow for the creation of VR experiences
where the user’s body movements and micro-expressions, can become fully inte-
grated into the interface. Due to the technical limits, the proposed system still
requires external sensors. However, with the accuracy improvement of the face
and head tracking algorithms, it is possible to develop a human tracking system
only based on multiple cameras.

The ideal form of the Immersive Museum will be a spherical gallery with
a 360◦ video projection, a stereo system, and a multi-camera body tracking
environment. Visitors can see the 3D replicas of the artworks all around them
when they step inside. Under the default condition, the context of the video pro-
jection will evolve to show the chronological progression of artworks. The video
projection can respond to the visitors’ gestures, body movements, and subcon-
scious facial reactions. For example, the visitor can choose, rotate and magnify
an artwork by hand gestures. The visitor can hear a story about the artwork
by stepping closer to it. Also, if the visitor becomes attracted by the current
view (pupil dilations or a long-time staring), the system will automatically take
a photo of what they are looking at.
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Abstract. This paper analyzes the pain points faced by the museum indus-
try today, interviews relevant museum exhibitors, and proposes the “Light Up”
national cloud museum app system, which is a practical tool for digital museum
construction that integrates the functions of theme creative design, collection col-
lection and publicity, and space layout and exhibition, to create a thematic, diversi-
fied, and Thematic, diversified, flexible digital museum open platform. To build a
sustainable development system of digital museums with the important support of
cultural and museum experts, collection trading, museum community, etc. At the
same time, the study designs questionnaires based on usability testing, conducts
user research on the product, meanwhile, analyzes the operability, practicality,
and public acceptability of the product. The user usage of the APP is studied and
analyzed through questionnaires, user interviews, and user field tests to collect raw
data on user experience. It provides material support for the subsequent product
optimization and upgrading.

Keywords: Cloud museum · Human-computer interaction · Usability testing

1 Introduction

China has a long history with rich and profound traditional cultural resources. Since
the founding of the People’s Republic of China, under the leadership of the Communist
Party of China, China has made remarkable achievements in economic social develop-
ment and undergone profound changes [1–3]. In today’s China, it is of great importance
and urgency to strengthen cultural construction, we also face a rare historical opportu-
nity. Museums should play a greater role in preserving traditional values and inheriting
historical culture [4].

Since reform and opening up, the number of museums is increasing, the quality is
improving, and the functions of all aspects are constantly improving. It has played its
due role in cultural undertakings and social development. Museums are thriving and
prospering [5]. China has formed a museum system with national museums jointly built
by the central and local governments as the leading, national first, second and tertiary
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museums as the backbone, state-owned museums as the main body, and private muse-
ums as the supplement, to build a museum resource sharing platform that radiates to the
whole country and faces the world [6]. Museums can be divided into comprehensive
museums, archaeological museums, art museums, history museums, ethnic museums,
etc. According to management classification, it can be divided into government muse-
ums, local museums, university museums, etc. [7]. At present, Chinese museums are
mainly comprehensive museums and historical museums, accounting for 36.28% and
35.27% respectively. Details in Fig. 1.

Fig. 1. Museum Classification

At present, China has 767,000 immovable cultural relics [8], 56World heritage sites,
5,058 key cultural relics under national protection [9], 36 national archaeological parks,
and 137 national historical and cultural cities. The number of museums in our country
is close to 5800. At the same time, there are more than 100 million pieces (sets) in the
national collection of movable cultural relics. In 2019, museums nationwide held nearly
30,000 exhibitions and 335,000 educational events, receiving 1.227 billion visitors [10].
The “Internet Plus Chinese Civilization” action plan cultivates new business forms of
cross-border financial platform, cloud exhibition, cloud education and cloud live broad-
cast continuously expand the radiation range of museum cultural services;From “Na-
tional Treasures” [11] to “China Archaeology Conference” [12], from “I Built Cultural
Relics in the Forbidden City” [13] to “If National Treasures Could Talk” [14], cultural
relics are interacting with education, linking with science and technology, creativity and
integrating, and constantly meeting the people’s yearning for a better life.

In recent years, under the advocacy of the state, the society has gradually realized the
importance of traditional culture, established intangible cultural heritage, and paid more
and more attention to the protection and inheritance of traditional culture. As the form
of traditional culture is relatively simple, and the current expression form of the network
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era is incompatible, the effect of traditional culture communication is not as expected. At
the present stage, traditional culture mainly relies on physical objects and paper books,
which requires the audience to enter a fixed cultural transmission place and a specific
time to realize the cultural transmission function [15–17]. With the development of
technology, people have higher requirements for information dissemination, and single
media communication can no longer meet people’s needs.

As early as 1998, the Palace Museum put forward the slogan of “Digital Palace
Museum” and started the digital construction of the Palace Museum, which laid the
foundation for the emergence and development of online exhibitions. In early 2020, the
outbreak of the COVID-19 caused museums around the world to close. Since January
2020, the State Administration of Cultural Heritage has guided museums at all levels
to actively expand online services for cultural relics. “Online exhibition” has become a
landmark event for museums to creatively transform traditional exhibition methods in
the era of “Internet +”, and a new form of museum services in special times. Among
them, 74.8 percent of museums have increased their digital content and online services.
According to the official website of the State Administration of Cultural Heritage, more
than 1,300 museums across China launched more than 2,000 online exhibitions during
the Spring Festival in 2020, attracting more than 5 billion visitors. Since then, the online
exhibition has officially entered the public’s vision [18].

During the epidemic, online exhibitions, online classes, live interaction and other
activities in museums around the country have appeared one after another [19]. In a way
to break the isolation of the epidemic, the public’s huge demand for “online services”
in the culture and museum industry has been met, indicating the infinite possibilities of
a new model of digital cultural services in the future. In this context, more and more
museums are actively seeking newbreakthroughs and improvements in value orientation.
While providing high-quality cultural supplies, museums are opening their collection
resources for the whole society to share, and innovative participatory and interactive
learning experience projects are launched.

Themuseum in the future is not only themain space to display cultural relics, but also
the cultural field to spread culture and improve the level of public culture and aesthetic
education [20]. How to use digital technology to form a larger scope and more three-
dimensional cultural promotion, tell good museum stories, attract more public attention
to museum culture, maximize the social sharing of excellent cultural resources, will be
the goal and vision of the future museum digital development.

In this context, based on the user-centered design, this project focuses on how to
better develop the “online museum” and its supporting system, in order to supplement
the lack of similar products in the market.

2 Methodology

This study follows the user-centered design steps to explore the possibility of developing
an “online museum” and its supporting system. The specific steps of the research are
shown in the Fig. 1: (1) Conduct interviews with museum enthusiasts to understand
the public’s attitude towards the digital transformation and upgrading of museums, put
forward effective solutions and possible future development directions according to the
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answers of volunteers participating in the interviews. (2) Based on the interview results,
we propose to build a multi-cultural gathering platform as wechat mini program, taking
the step of all-round digital transformation and upgrading of museums in the digital era.
(3) User tests are then conducted to investigate the feasibility of the information system.

3 Interview

This study mainly adopts a user-centered design and proposes a more effective system to
solve the problems faced by the digital transformation and upgrading of China’s offline
museums to a certain extent. Through interviews with museum exhibition enthusiasts,
the paper investigates the ways people acquire knowledge in daily life, the problems
existing in offline museums, the necessity of online museums and the generally accept-
able curatorial forms. The sample size of the interview is determined by the BJHP rule,
which states that a sample of eight participants is suitable for exploratory research with
a focus on identifying underlying ideas about the topic. In this study, eight exhibition
enthusiasts participated in the interview.

The purpose of the interviews with the participants was to investigate the ways in
which people acquire historical knowledge and the current situation of offline museums.
In addition, the design of existing online museums, the influence of online museums on
people’s visits to offlinemuseums, and the attitude towards further optimization of online
museum system are also investigated. The interview questions were based on previous
relevant research and reviewed by a panel of experts. Prior to conducting interviews, a
preliminary study was conducted to refine the questions. This paper mainly examines
the following research questions:

(1) What the concern and understanding of the existing digital museums?
(2) What do you think of the current status and deficiencies of offline museums?
(3) How about the influence of online digital museum on participation intention and

behavior?

Interview questionnaires were posted on social media, and pedestrians interested
in the topic could sign up for interviews.In total, eight volunteers participated in the
interviews. Participants included students, office workers, parents, the elderly and chil-
dren. All interviews were conducted in the Usability Lab and lasted approximately 1
h. Interviews with different participants were conducted separately.Participants came to
the usability lab separately at the assigned times. Two staff members participated in the
interviews: one conducted each interview and the other recorded it. Every interview was
recorded and transcribed verbatim.

The volunteers’ answers were divided into three parts: museum participation experi-
ence, the dissemination ofChinese cultural values and the necessity ofmulti-dimensional
transformation in the digital age.

As formuseumparticipation experience, every volunteer has visited offlinemuseums
(8/8), and some have visited online museums (3/8). They decide whether to visit an
exhibition or not based on the number of visitors to the museum. Those who have no
online exhibition experience will pay more attention to the exhibition form and scale of
offline museums (2/8). In addition, except for one volunteer who was not yet an adult,
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all the other volunteers had the habit of using mobile phones in daily life (7/8). Although
the current curatorial method of digital museum exhibition is not popular and needs to
be developed, most people are still very interested in the concept of online museum. At
the same time, most of the volunteers have the habit of watching pictures, texts and short
videos on their mobile phones (6/8). Most of them think this is a way to relax and relax in
daily life. Regarding the attitude towards visiting museums, all respondents (8/8) agree
that visiting museums can enable people to have a deeper understanding of the displayed
collections and the history related to the collections in a certain extent.However, most
people think (5/8) after watching the offline pavilion due to lack of communication, the
common interests of people get knowledge and can’t absorb well.

As for the dissemination of Chinese cultural values, most of the volunteers believed
that the current traditional offline museum form could not carry Chinese culture well.
Some volunteers (2/8) thought that the organizational system of museums should
strengthen the scientific interpretation and interpretation of the value of Chinese cul-
tural relics, build a world window for the international expression of Chinese cultural
relics. In addition, some people mentioned (4/8) that during the epidemic, online exhibi-
tions, online classes, live interaction and other activities in museums around the country
have appeared one after another. In a way to break the isolation of the epidemic, they
have met the huge demand of the public for “online services” in the cultural indus-
try, indicating the infinite possibilities of new models of digital cultural services in the
future. In this context, more and more museums are actively seeking new breakthroughs
and improvements in value orientation. While providing high-quality cultural supplies,
museums are opening their collection resources for the whole society to share, and
innovative participatory and interactive learning experience projects are launched.

As for the necessity of multi-dimensional transformation and upgrading of museums
in the digital era, all volunteers (8/8) believed that transformation and upgrading of digital
museums is the top priority of future museum reform. Some volunteers mentioned (5/8)
that with the continuous progress of science and technology, the digital construction of
museums faces huge public demand for “online services”.

To sum up, the vast majority of volunteers believe that there are some problems in
offline museums at present, and museum digitization is the trend of future development.
Developing the cultural industry and enhancing the soft power of culture is an inevitable
requirement for building a strong cultural country. It will also add strong impetus to
economic development and open up broader space. In particular, museums can play
an irreplaceable role in creating local cultural identifications, promoting the integrated
development of culture and tourism, and promoting Chinese culture to go global. The
digital transformation of museums is imminent.

4 Design of “Light Up” National Digital Museum

According to the interview results, it can be found that currently traditional museums
are faced with a series of problems, such as single collection form, few contacts between
exhibition participants, difficulties for individual collectors to build museums, and many
collections with display value can only be stored in ashes. In the past few years, due
to the impact of the epidemic, previous activities in the physical space of the museum
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were forced to stop, and the Internet has become an important link between the museum
and the audience. During this period, many large museums have innovated cultural dis-
play methods, expanded communication channels through cooperation with new media
platforms, aroused active participation of the public, and achieved good social response.

Unlike the existing online museums, our collections are not limited to physical
objects, but can also be in the form of sound, video and pictures that can carry and
express memories, so that people can display and share their collections, their common
life memories, cultural resonance, and the same interests through thematic pavilions.
The theme pavilion is a collection of people’s collections, their common memories,
their cultural feelings and interests. At the same time, according to the interview and
practice results, the development plan of the small program form in the next ten years is
speculated, as shown in Fig. 2.

Fig. 2. The Development Vision of the Program

“The project insists on the integration of “culture + technology” and independent
innovation, system integration and application, relying on mobile Internet, Internet of
things, big data, cloud computing, 5G, artificial intelligence, regional chain and other
new generation Information technology, focus on individualized, small and medium-
sized social museums and comprehensive museum exhibitions, in-depth research and
development of the theme of creative design, collection collection publicity, space layout
exhibition and other functions in one digital museum construction practical tools, to
create thematic, diversified, flexible digital museum open platform, to build a digital
museum expert library, collection trading, museum community as an important support.
The “Light Up” program is a practical tool for digital museum construction. The main
design functions of the “Light Up” program are shown below.

After users enter the system, the platform guides users through four entrances:
“Building museums”, “Visiting museums”, “Cultural and museum expert pool” and
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“Museum community”. Users can access different functional areas according to their
personal or corporate needs.

4.1 Building Museums

Individual or corporate users are required to register and submit information on the
platform (individual users can authenticate by swiping their faces and scanning their
ID cards, while corporations are required to submit copies of relevant business licenses
for authentication), and accounts that have been approved by the backend can upload
collections and create new museums. After the user uploads the collection successfully,
the system will classify the collection and send it to the cultural and museum experts
for review, and the final approved collection and museum will be displayed in the front-
end. Through the “New Museum” portal, individual and corporate users can create
personalized private museums and digitally share and exhibit their existing collections.

4.2 Visiting Museums

Users who choose this portal can browse the system has been shared collections and
carry out cloud viewing exhibitions, browse through graphics, audio, video and VR
panoramas and other browsing options classification, and have the right to comment,
praise, report and other interactive rights. Realize the docking of collections and visiting
users, benchmarking digital Forbidden City, digital cultural and creative products and
blockchain technology, etc., for the dissemination of commercial value.

4.3 Cultural and Museum Expert Pool

Culture should dominate the integration of culture and technology. The library of cul-
tural and museum experts is mainly through user applications and company hiring,
inviting scholars in the society who have relevant research on planning and building
museums to register as experts, and providing detailed introduction to the cultural and
museum experts who are in the library. The members of the cultural and museum expert
pool review the collections or new museums uploaded by users, propose modifications
and rejections for collections and museums that do not pass, present the front-end for
collections and pavilions that pass, and automatically generate thematic museums.

4.4 Museum Community

The museum community provides an interactive platform for users, with boards includ-
ing Community Affairs, Blockchain Planet, BoG, Talking about the World, etc. The
community is divided into visitor and user access, with both visitors and users browsing
posts within it by selecting different boards. Users can accumulate points, activity and
levels after logging in to gain more community power lines. As the user’s reputation
rises, he or she can apply to become an administrator. Users with administrator rights
can manage posts, users and boards in the community, improve community services and
optimize the user experience.
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The initial version of the project demo is shown in the Fig. 3. The project has
been implemented in the field of agricultural cultural heritage and red cultural heritage
museums on a pilot basis, effectively verifying the practical functions and business
operation mode of the “Light Up” digital museum software system for all people; on
this basis, the next step will be to embed it into the public cultural service system of the
cultural and museum industry in a high standing, deep and flexible manner, and promote
its application in awider scope andmore industries to fulfill the vision andmission of our
team based on the new era, helping to cultivate a newmode of digital cultural production
and dissemination, empowering the public to have a new cultural life experience, telling
the Chinese story vividly and enhancing the national cultural soft power.

Fig. 3. Program Interface

5 User Tests

5.1 Purpose of the Study

We invited 8 users to conduct usability research for the “Light Up” national digital
museumApp.We allowed the users to experience the product in real cell phone environ-
ment and conducting in-depth interviews after the usability test to obtain more detailed
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user experience and compile a product experience report to provide feasible solutions
for subsequent prototype design and usability evaluation research [21].

5.2 Research Process

Study Subjects. Eight subjects were randomly selected for this study, and the specific
information is shown in the Table 1 below.

Table 1. Subjects’ basic information

NO. Gender Age Education Occupation

1 male 20 undergraduate student

2 female 21 undergraduate student

3 male 24 master student

4 female 27 high school employees of state-owned enterprises

5 male 45 junior high school freelancer

6 female 43 high school teacher

7 male 65 primary school freelancer

8 female 35 primary school civil service

Experimental Procedure. The usability test is divided into task tests and post-test
interviews. The task test is divided into a total of 9 tasks to be completed, which are as
follows:

(1) Download and register an account, change password, fill in personal information,
etc.

(2) Browse each interface of the app, and use each function, view system messages, etc.
(3) Browse existing museums and visit collections.
(4) Create a new theme museum, upload materials (pictures) and improve information.
(5) Create a new gallery in the personal museum, upload materials (pictures) and

improve information.

After the tasks are completed, the users’ task performance is analyzed, and the degree
of satisfaction with the completion of the tasks is scored from 1 to 5, indicating 1 - very
dissatisfied, 2 - relatively dissatisfied, 3 - average, 4 - relatively satisfied, and 5 - very
satisfied, respectively. The higher the average score of the subjects’ completion of each
task, the more the task can be completed successfully and the higher the satisfaction of
the users.

After completing each task, subjects are interviewed about the “Light Up” national
digital museum App.

The process tasks are as follows in Fig. 4:
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Fig. 4. Process of tasks

5.3 Research Results

Satisfaction with Task 1. The average satisfaction score of 8 subjects for the smooth-
ness, difficulty and time spent on task 1 is above 4.5, which is higher than the score of
“relatively satisfied” (4) and close to the score of “very satisfied” (5), indicating that
the app is more perfect and the user satisfaction is higher. The results of task1 is shown
in Fig. 5. Through calculation, the mean values of the smoothness of completing the
task, the difficulty of completing the task and the time it took to complete the task in
user satisfaction survey are 4.63 (SD = 0.23), 4.50 (SD = 1.00) and 4.50 (SD = 0.50)
respectively.

Fig. 5. Distribution of subjective ratings in task 1



172 J. You and G. Lin

Satisfaction with Task 2. The average scores of smoothness and difficulty of task 2
for the 8 subjects were 3.75 and 4 respectively, indicating that the overall page flow of
the app was relatively good. But the satisfaction score of fluency was only 2.75, which
was lower than the score of “Just so so” (3), indicating that most users were not satisfied
with the fluency of system operation. The results of task2 is shown in Fig. 6. Through
calculation, the mean values of the smoothness of completing the task, the difficulty of
completing the task and the time it took to complete the task in user satisfaction survey
are 3.75 (SD = 1.44), 4.00 (SD = 1.00) and 2.75 (SD = 1.44) respectively.

Fig. 6. Distribution of subjective ratings in task 2

Satisfaction with Task 3. The average satisfaction scores of 8 subjects for the smooth-
ness, difficulty and time spent in completing task 3 were above 3.5, indicating that users
had a high degree of completion of “visiting the collection” on the app. The results
of task3 is shown in Fig. 7. Through calculation, the mean values of the smoothness of
completing the task, the difficulty of completing the task and the time it took to complete
the task in user satisfaction survey are 3.88 (SD= 0.61), 4.00 (SD= 1.00) and 4.25 (SD
= 0.44) respectively.

Fig. 7. Distribution of subjective ratings in task 3
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Satisfaction with Task 4. The average satisfaction scores of the 8 subjects with the
smoothness, difficulty, and time spent on Task 4 ranged from 3 to 3.5, i.e., which is
between “Just so so” (3) and “quite satisfied” (4) and close to the average score of “Just
so so” (3) indicates that users are not satisfied with the operation of “Create a new theme
museum”. The results of task4 is shown in Fig. 8. Through calculation, the mean values
of the smoothness of completing the task, the difficulty of completing the task and the
time it took to complete the task in user satisfaction survey are 3.25 (SD = 1.94), 3.38
(SD = 1.98) and 3.50 (SD = 1.75) respectively.

Fig. 8. Distribution of subjective ratings in task 4

Satisfaction with Task 5. The average satisfaction scores of 8 subjects for the smooth-
ness, difficulty and time spent on task 5 ranged from 3 to 3.5, i.e. between “Just so so”
(3) and “quite satisfied” (4), close to “The average satisfaction score for the smoothness
of completing task 5 is only 3, which indicates that the operation of “New Showroom”
is not smooth and the users are not very satisfied. The results of task5 is shown in Fig. 9.
Through calculation, the mean values of the smoothness of completing the task, the dif-
ficulty of completing the task and the time it took to complete the task in user satisfaction
survey are 3.00 (SD = 1.88), 3.25 (SD = 1.94) and 3.50 (SD = 2.25) respectively.

Fig. 9. Distribution of subjective ratings in task 5
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5.4 In-Depth Interview Data

Overall Evaluation of the Product. In the in-depth interview, 5 out of 8 users indicated
that the overall operation of the APP didn’t run smoothly. For the overall page color,
the majority of users said that the APP’s page design was suitable for the style of the
theme museum. While a few users said that the APP’s page was monotonous and they
hoped to customize the theme of the museum. For the practicality of the functions,
5 subjects thought that the functions were practical, while 3 subjects thought that the
APP’s functions were general and not innovative, and there were no novel functions to
distinguish it from similar APPs (Table 2).

Table 2. Overall user evaluation

Question Result Frequency

overall smoothness of
operation

satisfaction 1

general 2

dissatisfaction 5

page color design satisfaction 6

general 1

monotony 1

functionality and
usefulness

practicality 5

general 3

Product Improvement Suggestions. From the interview results, it can be seen that
although the majority of users are satisfied with the product, the APP still has problems
such as the operating system is not smooth, the function keys are not properly positioned,
and the functions are monotonous. The improvement suggestions made by users are as
follows:

Improve page fluency, enrich page color, adjust function icon position, enrich theme
museum type, enrich cultural and creative products, increase innovative functions, etc
(Table 3).
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Table 3. User Suggestion

Problems Frequency

Improve page fluency 4

Adjust the position of function keys 2

Set showroom type 2

Enrich the color design of the page 3

Add different functions 1

Enrich cultural and creative products 3

6 Conclusion

Through interviews and questionnaires, we believe that the design of “Light Up” is
practicable and actionable based on the following advantages.

Supported by Novel Architecture Design Concept. The vast majority of people
believe that the current offline museums have certain problems, and the digitalization of
museums is the trend of future development. The development of cultural industries and
the improvement of cultural soft power are inevitable requirements for building a strong
cultural country, and will also add a strong impetus to economic development and open
up a wider space.

Powerful Series of Practical Functions Support. It’s no longer a dream for everyone
to have their own museum.

Human-Centered Human-Computer Interaction System. Our products are based
on user interviews to design ideas and concepts, we further conduct a thorough product
usability test to determine that the product can be put into practice.
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Abstract. Because of the different geographical and cultural environment, the
traditional Chinese mending embroidery craft is called silk embroidery, needle
embroidery, silk embroidery, silk embroidery, cloth embroidery, etc.Modern com-
monly known as silk brocade. The palace repair embroidery is “based on mending
and supplemented by embroidery”. Throughout the history of human existence
and development, various products and their functions are constantly changing due
to the development of human physiological and psychological needs. Apparent
embroidery was one of the traditional handicrafts that appeared in response to the
needs of the imperial court and was handed down from generation to generation.
To understand and master it, while inheriting and protecting it, we can introduce
this materialized crystallization and humanistic idea into the aesthetic education
of individual person, man and man, man and society, man and humanity under
the modern thinking system, so as to understand ourselves and discover human’s
demand for truth. Goodness and beauty exist between good life and materializa-
tion, and the carrier is the internal force that promotes the orderly progress of
society. As an intangible cultural heritage, its historical development is a continu-
ation of China’s 5,000 years of incense. Every stitch and thread can let the Chinese
people feel the temperature of history, like a strong pulse of China’s vitality. It
is also an aesthetic education function of traditional skills in modern design and
production life.

The writing of this paper is based on the comprehensive research method,
through the essence of the traditional Chinese mending embroidery craft to reflect
the correlation between various disciplines to state the development law and char-
acteristics of things, mainly through works and literature, thinking and practice
to raise questions, analysis and summary. It covers the research, investigation and
visit of the regional, social production or research and development institutions
involved in the traditional Chinese mending embroidery process in the early work,
in order to obtain the relevant knowledge elements for paper writing and design
creation, including the Beijing Institute of Yarn drawing and the Chaoshan region
of China workshop. In addition, it also includes the collection, sorting and clas-
sification of materials related to the knowledge of Chinese traditional mending
embroidery craft. Through systematic sorting, it is more intuitive to describe the
influence of cultural origins and folk customs related to mending embroidery on
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people and things in the growth process. While sorting out and constructing the
framework of this paper, it also considers whether the application of modern tech-
nology can be effectively grafted on the basis of the traditional aesthetic education
creation of menshu embroidery, which may involve the traditional experimental
methods of aesthetic education, such as material replacement, process promotion,
style conversion and subject matter dabbling. In the conclusion part, it discusses
the relationship between traditional Chinese mending embroidery and aesthetic
education on the basis of theoretical maturity and social practice. At the level of
creation,we need to pay attention to social hot topics and keep pacewithTheTimes
of modern creative thinking, to promote a value concept and survival criteria.

Keywords: Aesthetic Educatio · Chinese mending embroidery technology ·
spread of costume culture

1 Research Background of Mending Embroidery

1.1 Concept of Mending Embroidery

In the Southern andNorthernDynasties of ancient Chinamore than a thousand years ago,
the rudiments of mending embroidery, often called pickmending embroidery, developed
in the Tang Dynasty and formed a unique handicraft called “pasting silk” and “making
satin”. Silk paste is a single layer of silk fabric cut into patterns flat paste, pile of silk or
other silk fabric cut and stacked, to form a multi-level pattern. The poet Wen Tingyun
of the late Tang Dynasty once described in his poems, “New embroidered Luo Ju, both
golden partridges.” He described putting on a popular silk short jacket and satin skirt
jacket with a pair of golden partridges in a good pattern of gold thread, which was called
“gilding.” The most popular and mature period of this craft was the Qing Dynasty. To
this day, robes, coats, chair cushions and purses made of this craft are still collected
in the Imperial Palace. Broadly speaking, “mending embroidery” is an ancient Chinese
embroidery technique. From a separate point of view, the technology of easy mending
embroidery decorates the five-color thread and silk cloth piece on the bottom cloth (silk
silk). Combined with the techniques of “making satin” and “pasting silk” in the Tang
Dynasty, it developed into today’s “court mending embroidery”.

1.2 Sources and Causes

To studymending embroidery, we have to understand the splendid needlework culture of
China. It is a great progress in human civilization that we have grown silkworms, grown
cotton, spun yarn and woven cloth, and gone from threading a needle to sewing clothes.
In the five thousand years of Chinese civilization, textile, clothing and needlework are
closely related, difficult to separate. During the development of agricultural society in
ancient China for more than three thousand years, women learned to draw flowers and
embroider, spin yarn and weave cloth, cut clothes and sew at an early age, especially in
the Jiangnan area. The “gong” among female workers is “female red”, also known as
the “gong of women”. In the volume of the Book of Kao Gong, “the treatment of silk
and hemp is called” Gong of women “, which refers to women’s needlework and other
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work, which is regarded as the externalization of women’s virtues, virtuous conduct and
cultivation of knowledge. It is one of the four virtues of “appearance, speech, Gong
and virtue” [1]. of ancient Chinese women. As one of the skills, mending embroidery
also gradually matured and developed along with this flood. The traditional concepts of
governance and development in ancient China created an environment that emphasized
agriculture and oppressed commerce. As a scarce social resource, textile symbolized
the attraction of social status and wealth level that was hard to resist at that time. In
ancient China, the traditional women who were good at thrift would not waste the scraps
of clothing. They were intelligent and could always find and create the beauty around
them, clarify the practical functions of production and life, and make the best use of the
household. Inadvertently, they in the cold lonely boudoir, with the visual aesthetic and
functional aesthetic clothing gradually dissolve these production and life “fragments”.

1.3 Aesthetic Education Status of Mending Embroidery

The application of raw materials in the creation of traditional Chinese mending embroi-
dery is full of creativity and originality. Silk, satin, silk, tail yarn, cotton, etc. The final
formation of the process is mainly due to the rich techniques. On the basis of the fabric,
various techniques such as relief, weaving, embroidery, stitching, pile paste and drawing
are combined. After years of research and practice, the development has broken the stan-
dard and limitation of traditional layering materials and techniques, and created a variety
of new techniques such as painting. There are realistic patterns, deformation patterns,
abstract patterns, freehand patterns and so on. In structure, it is mainly manifested as
single pattern, corner pattern, suitable pattern, edge pattern, continuous pattern, etc. Its
subject matter content is much more than the courage of the predecessors, such as plant
pattern, animal pattern, figure pattern, landscape pattern, object pattern, text pattern, nat-
ural phenomenon pattern, geometric pattern and by a variety of themes combination or
composite pattern. Among the themes and patterns it focuses on, the aesthetic education
it involves involves the objective phenomenon and practical significance reflected by the
ethics of Chinese traditional culture and the survival and development of society. Use a
three-dimensional perspective to interpret the story and content behind a symbol. In a
sense, it is part of the general linguistics, which will promote the study of the traditional
embroiderymore comprehensive, because the symbol itself has the function of language,
which determines that the allegorical design of traditional Chinese patterns and patterns
can not only speak, but also its words are worth thinking and self-examination.

2 The Content and Significance of Mending Embroidery inModern
Costume Aesthetic Education

The three-dimensional effect of traditional Chinese mending embroidery is very consis-
tent with the relevant themes of contemporary fashion design, which is mainly reflected
in the three-dimensional processing of vision and touch. Mending embroidery breaks
through the limitation of two dimensions, and fabrics are not processed by any physical
or chemical methods, making it possible to be three-dimensional. The popular 3D print-
ing technology strengthens people’s cognition of 3D products. Besides the avant-garde
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3D effect, it will give people a brand new visual experience through the implantation of
traditional elements and popular elements. Today’s science and technology is enough to
support the further improvement of the technological level, whether in the selection of
materials or expression techniques, and the expression of style can also present diver-
sified forms and contents. With the improvement of people’s material level, the pursuit
of beauty and the demand for taste are increasing day by day. From the perspective of
technological inheritance and cultural edification, its educational significance involves
the following aspects:

2.1 Entertainment Aspect of Life

In recent years,more andmore folk customTours have been incorporated into the content
of characteristic tourism, which first drives the recovery of regional folk culture. At the
same time, exquisite and exotic folk culture has also sprung up like bamboo shoots in
major cities in China, which is worthy of affirmation. Different cultures are rooted in
the same region, which can well prove the third point below. Cultural diversity is quite
necessary for the healthy demand and development of large cities. People from different
regions, nationalities and beliefs under the same roof can greatly enrich their spare time
life and form a good cultural atmosphere. The gradual and sound development after it
takes root will also contribute to the mutual understanding and trust between people and
between people and society, as well as greater tolerance and support. This will make the
development planning of any country or city truly “tolerant and big”.

2.2 It is Possible to Expand Employment

With regard to employment, we have to talk about the vanishing demographic dividend.
A simple interpretation is that the income of working-age people is greater than the
expenditure of retirees, and more and more young people are unemployed or idle, which
is not conducive to social stability, unity, prosperity and stability. In the aging society is
becomingmore andmore serious to forma problem, the rise of traditional handicraft such
as mending embroidery is helpful to revitalize the development of traditional culture.
Through this method of word and example, word of mouth can gradually expand the
team of traditional craftsmen. Strictly speaking, it is not limited by age, but also need to
be able to endure patience, calm down the heart of the “sunset red” to raise some young
people, with the people who love it to carry the flag, this is one. Under the premise that
the traditional craft such as mending embroidery can be integrated into people’s social
life and entertainment needs, it helps to the prosperity of regional handicraft industry.
If a highly distinctive cultural and creative industry can be formed, it is not impossible
to find new employment for those laid-off workers, retired people, unemployed people
and unemployed people.

2.3 Reflect Cultural Diversity

People’s education and rich social life have given rise to cultural diversity and changeabil-
ity, and more choices means more space. The rapid development of communication and
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transportation has given people from different regions, countries and nationalities more
time to communicate. P. Feyerabend, a famous contemporary American philosopher of
science, explains the creation process of modern design in a way that can be understood
in any way. Throughout the modern history of the world, the arrival of the industrial
revolution has almost destroyed the living conditions of small commodity economy and
traditional craftsmen. Industry represents machinery, law, uniformity and mass repro-
duction.While people enjoy the pleasure brought by cheap industrial products, more and
more people are aware of the “ambiguity” of the loss of traditional culture. Literati try
to transform the material culture needs into a “system” and “theory” that can be carried
forward and developed to continue to guide the progress and survival of human society.
In order to meet the growing material and cultural needs, people discuss new perspec-
tives and concepts of artistic expression forms. And how the field of design can break
through the traditional “box” and clarify what can and cannot be changed by liberating
the creative process! The Peacock Revolution of the 1960s by fashion designer Hardy
Ames about the diversity of men’s wear also speaks to these issues. The development
needs of the whole and the individual, the following and the individuality presented by
the cultural diversity are unavoidable problems. Otherwise, with the rapid development
of science and modern industrial technology, it is highly possible that humans will prove
the existence of the uniform army of machines in Hollywood blockbusters such as Star
Wars and I, Robot.

2.4 Education that Benefits People

The saying that diligence and frugality is the traditional virtue of the Chinese nation can
be seen in most public Spaces of various cities in China. What kind of spirit and artistic
conception is the complement character in the “complementing with complementing”
feature mentioned in the article? It can turn waste into treasure, turn stone into gold,
be pragmatic and honest, manage the family in a prudent way, be skilled in nature and
make the icing on the cake. All these are the spirit passed down by our ancestors through
materialization, which is also the educational significance for any nation or country to
cherish the inheritance and development of traditional culture. Perhaps the skills may
be lost. Even more precious is its language. A person’s growth must have self-esteem,
self-love, self-confidence, self-reliance, self-improvement these five characteristics, and
the cultivation of culture and knowledge accumulation throughout. Without these, how
can cohesion be achieved? How can you be patriotic? Where are feelings and thoughts?
Therefore, the development of society and the progress of human civilization need not
only strong people, but also “healthy” people.

3 Cases of Aesthetic Education

3.1 Significance of DIY Creative Study and Aesthetic Field

In recent years, more and more educational training institutions and cultural dissemi-
nation institutions have sprung up in cities and towns all over the world. Under the fast
pace of modern people always take some time in their busy work to learn the traditional
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culture of various countries and feel the influence and perception of various cultural
fields. DIY creative study is a very important part of it. Among many traditional Chi-
nese embroidery crafts, methods, elements, styles and DIY creative study institutions
can be found everywhere. For example, China Central Television, Chinese local satel-
lite TV (documentary, archives, national treasure archives, Lecture room, etc.) treasure
promotion, China’s traditional embroidery study studio in Beijing Haidian District (Chi-
nese Traditional embroidery Research Institute, Chinese Traditional embroidery skills
training, Chinese traditional embroidery culture inheritors), a group of national arts and
crafts masters in order to greatly promote traditional culture, We have successively held
seminars on silk embroidery technology in Beijing University for the Aged, Beijing Uni-
versity for theAged of ChineseAcademy of Sciences, BeijingRailwayUniversity for the
Aged, and General Logistics Department for the Aged, etc. The training course “High
Finishing Hand Making and Flower Making” of Beijing Left Side Culture Communica-
tion Co., LTD. (Left Side Training Organization) will include the study and creation of
traditional Chinese touch embroidery. Institutions such as Beijing Nanyi First-line Cul-
ture Communication Co., LTD., Beijing Wild Culture Communication Co., LTD., etc.,
also set up corresponding courses related to fabric transformation, study and creation,
traditional embroidery craft and so on. In China’s community life, such as universities for
the elderly, community classes, community activities and other relevant city, district and
county governments are also vigorously promoting traditional culture, actively carrying
out offline classes and creative practices of traditional Chinese crafts, which not only
greatly enrich people’s material life, but also further enrich people’s spiritual world. In
addition to improving the quality of life and taste, in the process of continuous learning,
communication and creation in this kind of institution based on community and small
class, modern aesthetic education is constantly enriched at all levels from school-age
education to social education, which is the cause of continuous inheritance and devel-
opment of traditional culture. The more severe the regional restrictions of traditional
culture on humanity, geography and environment are. The more it shows that traditional
culture is one of the indispensable nutrients for modern aesthetic education.

3.2 The Significance of the Field of Professional Events

In the process of modern design education and aesthetic cognition, the field of aesthetic
education has always been the top priority in the teaching practice of higher educa-
tion departments all over the world. Learning to observe and understand life, and then
obtaining better intuitive experience, at the same time by more appropriate perception,
is one of the prerequisite elements of good design, but also a key link to carry out aes-
thetic education. In the field of design, there are a large number of professional-related
competitions around the world every year, which provide a good platform for young
designers to create and display. At the same time, it also continuously promotes young
people from different regions, different age groups, different social roles, different cul-
tural backgrounds and growing environments to learn from each other, communicate
and compete. At the same time, The introduction of professional competitions is also
a kind of examination and self-examination of the teaching achievements in the field
of modern design education, so that more and more young people understand that the
significance of aesthetic education is extensive and profound. Compared with modern
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aesthetic education, traditional craft itself is not a kind of vague and superficial, but has
good content support, cultural continuation and formal expression. Life perception and
other aspects, rather than a simple appearance design or a kind of inherited skills or
methods to learn and digest, because it carries the experience and precious crystalliza-
tion that human beings have accumulated and improved in the process of production and
life for years and years, contains not only physical needs, but also spiritual sustains. It
not only contains a certain way of life, but also represents a certain concept and thought
of holding on to things.

3.3 Significance of Commercial Design and Application Field

The methods, elements, styles and ideas of traditional crafts are a very comprehensive
and extensive existence in the modern market environment. The products of Chinese tra-
ditional repair embroidery process can also frequently appear in many product systems,
mainly used in the garment industry and enterprises, clothing companies, home textile
enterprises, transport vehicles (automobiles, ships, aircraft, trains, etc.) interior deco-
ration manufacturers, clothing accessories (luggage, bags, shoes) enterprises and other
fields. Some of its products in the process, elements, style, concept are involved in the
repair embroidery technology related level, in the process of discussing the purpose and
significance of this part, or to briefly elaborate on the designer’s multi-angle thinking,
about the traditional repair embroidery in the “repair” and “embroidery” the extended
meaning of the two words. “Supplement” can be extended to be understood as a kind of
supplement, filling, patchwork, supplement, repair, and supplement/subsidy of objects
and objects. On the surface, it is a kind of connection (link) function. Its connotation is
not only the increase of rich visual effects, the identification of different categories, the
embodiment of enlargement and enhancement, but also a life use philosophy of making
the best use of objects. “Embroidery” is a simple and clear technique. Through the basic
carrier of textiles (or other materials), it uses different stitches and materials, and is sup-
plemented by the aesthetic cognition of craftsmen (machines) under different regional
cultures, customs and cultural backgrounds. A variety of products with different styles,
tastes and sentiments have been formed (such as Li Ning brand in China, silk industry in
Jiangsu and Zhejiang provinces), which makes clear the above contents. Then, looking
back at textile products related to manufacturing industry in modern enterprises, it is
clear that in the field of commercial design, frommaterialized products to the circulation
of spirit and thought. It is a good confirmation of the eight-word motto of environment
health, culture and people. Jonathan, Apple’s chief designer, also said it’s important to
understand that our goal isn’t just to highlight our products, but to create products that
people will love in the future [14].

4 Conclusion

To sum up, as an important part of Chinese traditional needlework culture, the aesthetic
educational significance of traditional mending embroidery is worth thinking about by
every Chinese. It is inseparable from People’s Daily life, closely connected with local
national customs, in line with profound social culture, and a cultural crystallization
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integrating aesthetic appreciation value and practical education and use functions. Mr.
QianMu, themaster of Chinese studies, once said that the difference between civilization
and culture is that civilization is outside, which belongs to the material aspect. Culture
is part of the spiritual side [13]. Therefore, civilization can be spread and accepted, and
culture must be produced by the accumulation of spirit within the group. The demands
of modern society for products with functions such as fast, simple and comfortable make
it gradually far away from the visual range of People’s Daily life, which will inevitably
result in the traditional mending embroidery process gradually losing its function and
significance of aesthetic education, although in recent years, Some Chinese literati and
educators who love collecting gradually brought the aesthetic education function of the
traditional mending embroidery craft machine back to us through collection, cultural
tourism, education and training and other fields. It aroused our memories of the past,
our late appreciation, and our responsibility to preserve and care for it. On the basis of
ensuring the virtuous cycle and development of traditional skills, technical innovation
and breakthrough make it “live” in the present. Considering the respect and pursuit
of traditional culture, the prospect of aesthetic education can be considered from the
following levels for the features of theme, materials, techniques and techniques involved
in menshu embroidery:

4.1 Cultural Diversity and Variation

“Zhouyi” said that when things have reached the extreme, they need to change. Only
when changes occur, can the development of things not be blocked and things continue
to develop. It shows that in the face of the situation that cannot develop, we must change
the status quo and carry out reform and revolution. Different people’s “taste” demands
require creators to dare to integrate culture and tradition. The three elements of creation
can be transformed to meet different needs.

4.2 Genes and Emotions

Under the traditional Chinese mode of thinking, the internal causes of the development
of the forms of all things are objectively drawn to the logic of “poverty leads to change,
change leads to prosperity, and general principles lead to attainment”. This is also the
significance of discussing the status quo of mending embroidery in the aesthetic edu-
cation of clothing through its history. As Louise Wilson, the late Central Saint Martins
professor, said in an interview: “A lot of people think you don’t need to know history so
you can create something new. I think we should understand history and destroy it.” In a
sense, innovation always has the suspicion of destruction, and of course, there is also the
suspicion of fraud in the “constant response to change”. In the collation and preservation
of the source of cultural blood, we should dare to dig deep into the way of survival and
the absorption and discarding of the internal causes of consumption. Everything can be
transformed, but the spirit and style remain forever. It is engraved with the difference
between you, me and “others”. The real aesthetic education should be a hundred flowers
blooming, not just one flower.
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Abstract. With Virtual Reality (VR) and Augmented Reality (AR) technologies
are becoming a trend in digital innovation in education due to their great strategic
potential and are of great importance for many studies and programs. As a result,
VR has become an indispensable tool in various fields such as science, geography,
art and culture. VR creates a unique cross-cultural environment that enables deeper
learning, stimulates interest and offers a very high educational potential. Today,
new curatorial approaches are emerging alongside digitally activated modes of
presentation and dissemination, characterized by permanent reproducibility and
the sinking of physical space. Digitalization and global sharing of educational
resources has been a hot topic of concern for arts management teaching. Cross-
cultural courses on art exhibitions using virtual reality technology enable the
integration of teaching resources fromdifferent cultural backgrounds and language
environments.

Virtual simulation technology is truly applied to a wider range of exhibition
planning and research, bringing more resources and practical opportunities for
teaching and industry. Practical art curation training has limitations such as high
teaching costs and high transportation risks. However, virtual art exhibition teach-
ing can allow students from different cultural backgrounds and regions to break
through the limitations of time and space and feel the context and cultural conno-
tation of the exhibition more intuitively, which improves students’ cross-cultural
thinking and discernment awareness and cross-cultural communication ability.

In order to give students the opportunity to practice the tedious and highly
specialized curatorial process visually. This study focuses on a virtual art exhibi-
tion experimental teaching system using VR as a carrier to provide students with
opportunities to cognize theory and practice and to build a platform for effective
practice. On the one hand, it improves students’ exhibition planning ability. On the
other hand, it gradually forms an integrated platform to promote the continuous
updating of cross-cultural teaching of art exhibitions.

Through the system to accurately restore the exhibition space of domestic and
foreign art institutions, a large number of artwork resources. It enables students
to easily feel the exotic spaces and precious artworks that are out of their reach
on a daily basis, which greatly increases the importance and interest of online
learning during the epidemic. In the course of teaching virtual art exhibitions,
students can further experience and understand spatial planning, artwork display,
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and other curatorial expertise while focusing on conceptual expression and spatial
presentation.

Methods: This experiment adopts a quantitative research method, taking stu-
dents of a school in China as the research object, randomly selecting 30 students
(15 male and 15 female) as the control group and 30 students (15 male and 15
female) as the experimental group, the basic background of the two groups is
similar, and all of them have initially studied the art exhibition course and have
preliminary knowledge of the exhibition.

The control group adopts the traditional teachingmode,with the teacher teach-
ing knowledge and operation demonstration, while the experimental group adopts
virtual reality technology for teaching. A pre-test was given to the two groups of
students before the teaching activity to ensure that there was no significant differ-
ence in the prior knowledge of the two groups. After the teaching, a post-test was
conducted and a questionnaire survey on learning interest and learning confidence
was organized.

By This study can be found by comparing the test scores, teaching question-
naire results and teaching satisfaction questionnaire between the control group
and the experimental group. Students in the experimental group had higher aver-
age test scores than those in the control group, and students in the experimental
group had higher classroom concentration, learning initiative, and satisfaction
with classroom teaching than students in the control group.

Students in the control group indicated that the knowledge in the classroom
was too boring and they did not pay attention in class, while students in the exper-
imental group indicated that the classroom participation was high, the classroom
was more interesting, and they hoped that more experimental courses could be
taught in this way. Through the study, it was learned that virtual art exhibition
teaching can enhance students’ knowledge and classroom motivation about art
exhibitions.

Conclusions:This study found that the traditional art curation teaching course
is not able to fully meet the students’ learning needs. Hands-on courses require
more hands-on experience for students, and the use of virtual reality technology
combined with traditional teaching can solve this problem well and improve stu-
dents’ learning efficiency. The application of virtual reality technology in art exhi-
bition course teaching focuses on building real cross-cultural contexts for students
and conducting comprehensive practical training, thus improving the interactivity
and efficiency of experimental teaching in cross-cultural courses.

In addition, there are some noteworthy issues that need to be noted, whether
the novelty of virtual reality technology will affect the actual operation and how
to solve this problem remains to be examined.

Keywords: VR technology · Art exhibition · Cross-cultural training · Teaching
model

1 Introduction

Virtual Reality (VR) and Augmented Reality (AR) are becoming increasingly popular in
this digitally connected world due to their great strategic potential. Virtual reality tech-
nology is becoming a trend in digital innovation in education and is of great importance
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to many studies and programmers’ creation of virtual art in a global virtual environment
and the viewing and critiquing of virtual art in art exhibitions are huge advantages for
conceptual learning and art education [1]. As a result, VR has become an indispensable
tool in various fields such as science, geography, heritage, art and culture. VR creates a
unique cross-cultural environment that enables deeper learning, stimulates interest and
offers a very high educational potential. Today, the development of VR also offers new
opportunities for art exhibitions [2]. Virtual simulation technology is truly applied to a
wider range of exhibition planning and research, bringing more resources and practical
opportunities for teaching and industry [3]. Immersion and integration have become the
key words in the field of art exhibitions in recent years, and a single professional back-
ground and creation model can no longer meet the diversified development of today’s
art exhibitions. For art exhibition courses, exhibition is a comprehensive creative work,
a creation of ideas and a production of knowledge. Compared to the traditional course
model, theVR teachingmodel empowers the virtual scenario of the intercultural art exhi-
bition course through the innovation and diversity of virtual reality technology, as well
as building a platform for inter-temporal communication and discussion with experts
and scholars from different fields. This research uses virtual simulation and digital inter-
active technology as a carrier to focus on a virtual art exhibition experimental teaching
system, providing students with the opportunity to perceive artworks and exhibition
theories perceptually and building a platform for effective training in the exhibition pro-
cess. In order to give students a tangible understanding of abstract art exhibition theories
and an opportunity to practice intuitively the tedious and highly specialized exhibition
process, virtual art exhibition teaching provides teaching courses through virtual simula-
tion technology and online teaching platforms to improve students’ exhibition planning
skills on the one hand; on the other hand, it gradually forms an integrated and linked
platform to promote the continuous updating and progress of cross-cultural teaching of
art exhibitions.

2 Literature Review

2.1 Virtual Reality Technology

The term “virtual reality” was coined by Jaron Lanier in the 1980s in the United States as
“the immersion of humans in a synthetic world”. Scavarelli, A argues that there is hope
for more mainstream and diverse applications in the field of VR/AR, where we can push
the limits of physical space and the physics of the known universe [4]. Alhalabi, W also
recognised the increasingly important role that artificial intelligence, image processing
techniques, simulation, and sensing virtual reality technologies are playing in people’s
work and learning [5]. Jerald proposed building an artificial environment through sen-
sory stimuli (visual, auditory, sound) provided by computers, in which human behaviour
partly determines what happens in the environment [6]. Technology plays an important
role in the teaching and learning process, providing an interesting and engaging way of
accessing information [7]. The integration of art exhibitions and education is therefore
also a topic that has gained widespread attention. In the educational process, students
facemany problemswith understanding the curriculum due to the complexity and neces-
sity of abstract thinking and concepts. Based on research reports and literature, we found
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that virtual reality technology offers an immersive learning environment and experience
in education unlike traditional 3D technology. Research by Elmqaddem, N. found that
technological advances have made AR and VRmore feasible and popular in many areas
and that the nature of VR heralds new models of teaching and learning that can better
meet the needs of 21st century learners [8]. Scavarelli, A argues that VR should also
fulfil the task of imparting knowledge about cultural heritage at the intersection with
art, and research points out that art exhibition venues as well as museums are now plac-
ing an unprecedented emphasis on education [4]. The Salvador Dali Museum’s Dali’s
Dream uses VR/AR technology in its museum exhibitions to provide visitors and fellow
teachers with an unprecedented virtual reality experience [9]. This research incorpo-
rates a variety of sensory experiences into our VR intercultural art exhibition course
learning system, which will enhance the immersive experience for students. We will
focus on the perceptual experience of the virtual reality system for students, with the
aim of identifying important quality assessment factors for these applications from the
perspective of the intercultural art exhibition curriculum, in an attempt to ensure the
continued development and success of the augmented virtual reality SV-IVR system by
attempting to give students a more innovative learning experience with a more compre-
hensive simulated sensory system. At the same time, many scholars have made equally
relevant studies in the field of VR and art exhibitions, offering some very insightful ideas.
Furthermore, immersion and presence have been described as “two extremely profound
innovations of VR”. The greater the number of technologies covering various sensory
modalities, the more immersive it becomes [10]. A new exploration in the context of
virtual museums and virtual spaces would be an innovative approach to teaching and
learning [4]. Technological advances have created challenges for the online learning
ecosystem in terms of applying immersive technologies to provide an educational and
creative framework for students [11]. However, there is little insight into the potential of
arts educators for system conceptualisation and classroom implementation [12]. Some
research suggests that socially immersive media is very relevant to the context of VR in
arts education [13]. Based on the literature and use cases that show that this technology is
better accepted in many disciplines, we can learn that the application of VR technology
in art courses is a promising area of research and that this study points to an unexplored
area of VR intercultural art exhibition courses that can provide relevant and innovative
perspectives for current research [14]. This study focuses on the impact that an intercul-
tural art exhibition course featuring the use of immersive virtual reality can have on the
perception levels of teachers and students. The use of immersive virtual reality systems
can lead to more efficient learning and learning success than other learning methods,
and teachers are able to summarise learning theories and student data more specifically
and clearly in the course data [15]. The VR model of teaching and learning reduces
unnecessary teaching costs in a more economically sustainable way, and increases the
immersion and experience of the art exhibition course. At the same time, the VR course
itself is a sustainable and valuable teaching resource as a knowledge carrier that can be
reused for long-term learning [16]. Using technology to give students more imagination
about space and construction in the teaching of art exhibitions can lead to better learning
and understanding of the curriculum. Not only does it promote the development of art
exhibition education, but it also spreads innovative technology to teachers and students,
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bringing a more scientific approach to teaching and learning skills. Overall, the results
of this research will enable teachers to design classrooms that are better equipped to deal
with many of the challenges that exist in the art exhibition curriculum, and to face the
complexities of the post-epidemic educational environment with greater ease.

2.2 Intercultural Art Exhibition Course

Scholars such as Lily A. Arasaratnam-Smith have generally argued that intercultural
competence has cognitive, affective andbehavioural aspects.Due to the extensive interest
in intercultural competence across multiple disciplines [17]. Holliday, A., in discussing
intercultural education programmes, argues that the existing intercultural experiences
that participants accumulate from an early age are an important resource. Interculturality
is a reflective awareness of self and others when crossing boundaries, which echoes C.
Wright Mill’s ‘sociological imagination’ [18]. In an intercultural context, the art exhi-
bition course, as a comprehensive discipline with an intercultural and interdisciplinary
background, meets the need for the development of art talents and is one of the objectives
of the construction of the art exhibition major. As a professional course that combines
theory and practice, the course focuses on application and development, including design
from two-dimensional to multi-dimensional, and the integration of figurative and logi-
cal thinking. Traditional teaching methods emphasise the “knowledge-based” approach,
and the teaching mode of all majors in universities basically consists of teachers teach-
ing theoretical knowledge in the classroom and then entering the practical stage. This
mode of teaching tends to make students’ lack of perceptual knowledge more difficult to
understand and the learning process more prone to errors. In order to solve this problem,
the application of ‘technology-based’ VR teaching methods has become an important
issue in the teaching of art exhibition courses. Through innovative practice and analy-
sis of VR art exhibition course teaching, this study explores the development direction
and solutions of the course teaching reform. Combined with the practice and analysis
of VR teaching models, the advantages of VR systems in cross-cultural art exhibition
courses are exploited [19]. Britanny E. Reef-Stout’s study argues that art exhibitions can
embody various dimensions of art and sustainable fashion through the use of multime-
dia learning tools. This suggests that through experiential learning methods, students
can learn as much, if not more, about art and sustainable fashion [20]. Since 2014, the
School of Art Management and Education at the Central Academy of Fine Arts has been
developing the Virtual Curatorial Lab for Art Museums, which also continues to pro-
mote the platform and teaching methods of virtual curation from a practical perspective.
YohanHwang in South Korea linked education to the metaverse, and the analysis of the
sentiments collected from students’ showed that the composite results of their opinions,
evaluations and attitudes towards the metaverse exhibition were generally positive [21].
Dilmaç Sehran scholars in Turkey studied the perceptions of 45 undergraduate students
from different faculties of Izmir Katip Çelebi University regarding distance education
in art courses. The results of the study showed that in some technologies that require art
practice, the students believed that the use of software and systems in the course could
enhance their interest in learning in the classroom [22]. The exhibition is the creation
of a man-made environment, a subject with many strands of knowledge that are very
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cross-cutting in nature. However, under the current curriculum, it is difficult for teach-
ers to balance theory and practice and to cater for the individual needs of students. This
study uses a blended approach to cross-cultural art exhibitions, with the advantage of VR
over traditional face-to-face or purely online learning, which allows students to master
the basic content of the course in a variety of ways and through a variety of channels,
without the constraints of objects, environments or equipment, and which better stim-
ulates students’ enthusiasm for learning and enhances their skills and creativity, while
providing teachers with a better It also provides teachers with a better way of teaching
and summarising after the lesson. On the one hand, the “Intercultural Art Exhibition
Course” provides virtual exhibition experimental teaching courses through VR technol-
ogy and online teaching platform to improve students’ exhibition planning ability; on
the other hand, it is based on the curriculum and is open to the world, and is dedicated to
building a platform for teaching, communication and research of art exhibition cultural
knowledge.

3 Experiment Design

The experiment used a quantitative research method with 30 students (15 male and 15
female) randomly selected as the control group and 30 students (15 male and 15 female)
as the experimental group. Both groups had similar basic backgrounds and had all taken
initial art exhibition courses and had a preliminary understanding of exhibition knowl-
edge. The control group used the traditional teaching mode, with the teacher teaching
knowledge and operating demonstrations, while the experimental group used virtual
reality technology for teaching. The intercultural art exhibition course is a compulsory
course for art exhibition majors, and it contains both theoretical and practical knowl-
edge. In order to judge whether virtual reality technology can play an effective role in
the intercultural art exhibition course, we combined virtual reality technology with the
intercultural art exhibition course in a Chinese school. We arranged the experimental
group’s course to use virtual reality technology to learn the theoretical knowledge and
practical operation of art exhibitions, and the control group’s course to have the teacher
talk about the theoretical knowledge, followed by a demonstration of the practical oper-
ation by the teacher. The aim of our study was to investigate the impact of virtual reality
on learning attitudes and confidence in the intercultural art exhibition curriculum.

3.1 Participants in the Experiment

In this study, 30 students (15 males and 15 females) were randomly selected as the
control group and 30 students (15 males and 15 females) as the experimental group.
There were no major differences in the basic information of the two groups, and all of
them had initially studied the art exhibition course and had preliminary knowledge of
art exhibition. The control group used the traditional teaching mode, with the teacher
teaching knowledge and operation demonstration. The experimental group used virtual
reality technology for teaching, with the teacher using virtual reality for classroom
teaching and the students using VR for learning. All teaching activities were carried out
by the same professor with many years of experience in education and who had a strong
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theoretical knowledge of art exhibitions as well as a high level of practical art exhibition
skills.

3.2 Measuring Tools

The research instrument for this study consisted of a questionnaire measuring students’
attitudes towards learning and their confidence in learning. The questionnaire is divided
into two sections, for learning interest and learning confidence, with the learning interest
section containing five questions on a scale of 1–5 and the learning confidence section
containing five questions on a scale of 1–5.

3.3 Experimental Procedure

The experimental process is shown in Fig. 1. Students in the experimental group were
taught using virtual reality technology at the beginning of the course, while students in
the control group received the traditional teaching model.

Fig. 1. The experimental process

4 Experimental Results

4.1 Analysis of Learning Interest

The independent sample t-test was used to analyse the students’ interest in the inter-
cultural art exhibition course under the traditional teaching mode and the virtual reality
technology teaching mode, as shown in Table 1, the results of the study show that, as can
be seen from the above table, using the t-test (fully known as the independent sample
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t-test) to study the specific analysis can be seen: for the level of interest in the course:
showing a 0.01 level of significance (t = −3.636, the p = 0.001), as well as specific
comparative differences can be seen that the mean of the traditional teaching group
(3.57), would be significantly lower than the mean of the VR teaching group (4.03).For
the degree of perceived innovation in this course: showing a 0.01 level of significance (t
=−3.101, p= 0.003), as well as specific comparison differences it can be seen that the
mean of the traditional teaching group (3.53), would be significantly lower than themean
of the VR teaching group (3.90). For the degree of integration of theory and practice in
the course: it showed a 0.01 level of significance (t = −2.875, p = 0.006), as well as a
specific comparison difference that shows that the mean of the traditional teaching group
(3.70), would be significantly lower than the mean of the VR teaching group (4.13). For
the level of difficulty of the course: it showed a 0.01 level of significance (t = −3.743,
p = 0.001), as well as a specific comparison difference that the mean of the traditional
teaching group (3.63), would be significantly lower than the mean of the VR teaching
group (4.03). For the satisfaction of the subgroup of the course in which it was taught:
it showed a 0.05 level of significance (t = −2.038, p = 0.046), as well as a specific
comparison difference that shows that the mean of the traditional teaching group (3.70),
would be significantly lower than the mean of the VR teaching group (4.07). For the
evaluation of the learning method of the course: it shows a 0.01 level of significance (t =
−2.868, p= 0.006), as well as a specific comparison difference that shows that the mean
of the traditional teaching group (3.53), would be significantly lower than the mean of
the VR teaching group (4.03). To conclude, it can be seen that students who learn using
virtual reality technology show significant differences in their attitudes to learning from
those who learn using traditional teaching modes, and that the mean value of learning

Table 1. Research findings on learning interest

Learning interest Learning Styles N Average SD t p

How interested are you in the
course?

Traditional 30 3.57 0.50 −3.19 .009**

VR 30 4.03 0.49

How innovative do you think
this course is?

Traditional 30 3.53 0.51 −3.101 0.003**

VR 30 3.90 0.40

How well do you think the
course integrates theory and
practice?

Traditional 30 3.70 0.47 −2.875 0.006**

VR 30 4.13 0.68

What is your satisfaction
with the grouping of your
course?

Traditional 30 3.70 0.70 −2.038 0.046*

VR 30 4.07 0.69

How would you rate the
learning approach of the
course?

Traditional 30 3.53 0.73 −2.868 0.006**

VR 30 4.03 0.61

*p < .05 **p < .01
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using virtual reality technology is higher than that of students who learn using traditional
teaching modes. All of them showed significant differences.

4.2 Analysis of Learning Confidence

The independent sample t-test was used to analyse the students’ confidence in learning
the art exhibition aerial survey course under the traditional teaching mode and the virtual
reality technology teachingmode, as shown in Table 2. The results of the study show that
for the classroom efficiency during the lessons: it showed a 0.01 level of significance
(t = −2.735, p = 0.009), as well as the specific comparison difference can be seen
that the mean of the traditional teaching group (3.67), would be significantly lower than
the mean of the VR instruction group (4.03). For the level of learning initiative in the
course: showing a 0.05 level of significance (t =−2.470, p= 0.017), as well as specific
comparative differences it can be seen that the mean of the traditional teaching group
(3.57), would be significantly lower than the mean of the VR teaching group (3.87). For
the acceptance of the teacher’s knowledge of the classroom: showing a 0.01 level of
significance (t = −2.977, p = 0.004), as well as specific comparison differences it can
be seen that the mean of the traditional teaching group (3.53), would be significantly
lower than the mean of the VR teaching group (3.97). For the perceived level of teacher
mobilisation of equipment and technology: showing a 0.05 level of significance (t = −
2.238, p= 0.029), as well as specific comparison differences it can be seen that the mean
of the traditional teaching group (3.53), would be significantly lower than themean of the
VR teaching group (3.83). For the perceived difficulty of the course: showing a 0.01 level
of significance (t = −3.743, p = 0.001), as well as specific comparison differences it
can be seen that the mean of the traditional teaching group (3.63), would be significantly
lower than the mean of the VR teaching group (4.03). In conclusion, it can be seen
that students learning with virtual reality technology showed significant differences in
learning confidence from those learning with the traditional mode of instruction, with
students learning with virtual reality technology perceiving the course to be less difficult
than those learning with the traditional mode of instruction, and higher means in all other
aspects of learning confidence than those learning with the traditional mode.

In In this study, by comparing the results of the teaching questionnaire between the
control group and the experimental group, it can be found that the average classroom
concentration, learning initiative and satisfactionwith classroom teaching of the students
in the experimental group were higher than those in the control group. Students in the
control group indicated that the knowledge in the classroom was too boring and they
did not concentrate in class, while students in the experimental group indicated that the
classroom was highly participatory, the classroom was more interesting and the virtual
reality technology effectively reduced the learning difficulty of the course. It is known
from the study that teaching virtual art exhibitions can enhance students’ knowledge and
motivation in the classroom.
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Table 2. Research findings on learning confidence

Learning confidence Learning Styles N Average SD t p

How effective are you in
class?

Traditional 30 3.67 0.61 −2.735 0.009**

VR 30 4.03 0.41

What is your level of
initiative in learning the
course?

Traditional 30 3.57 0.50 −2.470 0.017*

VR 30 3.87 0.43

How receptive were you to
the teacher’s teaching of the
class?

Traditional 30 3.53 0.63 −2.977 0.004**

VR 30 3.97 0.49

What do you think of the
teacher’s level of
mobilization of equipment
and technology?

Traditional 30 3.53 0.57 −2.238 0.029*

VR 30 3.83 0.46

What is your perceived
level of difficulty of the
course?

Traditional 30 3.63 0.56 −3.743 0.001**

VR 30 4.03 0.18

*p < .05 **p < .01

5 Discussion and Conclusions

This study found that the traditional intercultural art exhibition teaching curriculum does
not fully meet the needs of students learning, students from different regions and cultural
backgrounds cannot intuitively cognitive course knowledge, teaching the traditional
teaching methods can only read history through paper and text, can only find fragments
and information from the text and pictures, cannot be immersive to feel the impact of
the art exhibition, and offline courses are more costly and more restricted in terms of
space. Distance education in the context of the epidemic also still suffers from many
problems, such as reduced student concentration, poor self-regulation, low initiative and
marking difficulties [23]. And our proposed use of virtual reality technology combined
with traditional teaching can be a good solution to this problem and further enhance
the course content, learning efficiency and teaching methods. The application of VR art
exhibition course teaching focuses on building realistic intercultural contexts for students
and conducting comprehensive practical training, thus improving the interactivity and
efficiency of experimental teaching in intercultural courses. In addition, there are a
number of issues that need to be noted, and it remains to be seen whether and how this
will be addressed due to the novelty of virtual reality technology and whether it will
have an impact on practical operations. From this study we can find a few suggestions
for future research based on the results of this study, the first being that the size of
the research sample and the selection of the sample also needs to be more diverse and
enriched. In addition, there are some issues that need to be noted, with the development
of concepts such as virtual reality and metaverse in recent years, the relatively rapid
iteration of technological development, aswell as the novelty of virtual reality technology
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itself, whether it will have an impact on the actual operation and subsequent teaching
methods. Teaching VR intercultural art exhibition courses still needs to be based on
existing teaching ideas, continuous exploration in the professional space and continuous
innovation.
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Abstract. Research background and purpose: Creativity, Innovation and
Entrepreneurship (CIE) are important economic knowledge in recent years. The
CIE competition is held in hope that students will demonstrate good competitive-
ness, and propose educational concepts and industry connections that achieves
CIE thinking through practice. It remains to be discussed whether the evalua-
tion criteria of existing CIE competitions in schools conform to the spirit of CIE.
This study focuses on applying perception and science as evaluation rules to CIE
competitions and proposing new evaluation standards based on the statistics of
actual competitions. Method and tools: This study constructs an evaluation scale
using communication theory, adopts the DIKW system theory as background,
understands the process from theory to practice, and uses quantitative methods for
verification. It is estimated that 100 cases will be accepted from participants in the
fields of business management, research and development, design, and teaching
and research. They will participate in the competition review through question-
naires, and compare the measurement results of the original review interactively.
The study will count the state of perception and reception of the respondents
through the three levels of appearance, meaning, and feeling, analyze the points
of cognitive communication items in the presentation of works, and examine the
process from learning to practice from various scores. Based on the statistical
results, we will be able to obtain the new evaluation criteria in advance, which
will be used as the scoring benchmark for CIE competitions in the future.

Keywords: Creativity · Innovation · Entrepreneurship · CIE · Review ·
Education

1 Introduction

In response to the purpose of CIE education, the Ministry of Education will organize the
2022 Higher Education Deep Cultivation CIE Competition. In view of the competition
review, there is no effective scoring basis and structure to follow. In order to ensure
the quality of education and the fairness and impartiality of grading, it is necessary to
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formulate an effective reviewmechanism. The term “CIE” emphasizes people as its core
concept and is the three most important elements of competitiveness in the knowledge
economy–creativity, innovation, and entrepreneurship (Chen Man Ling 2015). The con-
nection between cultural perception and life skills is realized using creativity, innovation,
and entrepreneurship through the process of exploration, interaction, sharing, learning,
and creation in the competition. The essence of CIE is “cross-domain imagination”,
while its practice is “cross-domain implementation”–which also permeates the essence
of CIE. Effective CIE competition evaluation methods not only make education fruitful,
but also enable industries to enhance their competitiveness, and truly realize the value
of CIE in cultural and economic strength.

In the book “Insight Out: Get Ideas Out of Your Head and Into the World” by Stan-
ford University professor Tina Seelig, she proposed that the core concepts of “imagi-
nation”, “creativity”, “innovation”, and “entrepreneurship” can effectively develop the
processes of creativity, innovation and entrepreneurship in the “invention cycle” model
(Tina Seelig/Lin Li Xue, translated 2016). The spirit of CIE is the use of imagination, the
result of internal thinking and external skill performance. Imagination is the first step of
creativity, which should be defined as encountering ideas that do not exist yet. Innova-
tion is the use of imagination to solve events and problems. Entrepreneurship is dealing
with human needs and can be continued as a method. Coincidentally, in the 25th year of
Heisei, the Ministry of Education, Culture, Sports, Science and Technology of Japan put
forward the key points of the current education revitalization plan in the second basic
plan of education revitalization, expecting that every Japanese needs to actively invest in
independence, cooperation, and creation to achieve Entrepreneurship-oriented learning
activities (Ministry of Education, Culture, Sports, Science and Technology 2013). The
development of CIE is also synchronized with the global thinking and learning mode.

Applied in the evaluation mechanism of the CIE competitions in higher education,
the evaluation rule will shorten the distance between academia and industry and practice
cross-domain business development, which is the goal that the evaluation rule expects
to achieve in the process of review and learning. In this study, we will use the three
essences of innovation: innovation, creativity, and entrepreneurship as the benchmark,
and discuss the following topics:

1. Establish a fair, impartial and objective CIE review mechanism.
2. Effectively evaluate the learning process of higher education through the CIE review

and scoring rule.

2 Literature Review

2.1 The Development and Purpose of CIE

Culture is the cornerstone of cross-domain thinking, and CIE are the practice of cross-
domain design. From the perspective of perception, the development of culture to CIE
is the embodiment of communication between CIE and the audience, and it is also the
purpose of the development of cultural and creative industries. Students in the technical
and vocational systems in Taiwanese society often lack self-confidence, and students
feel frustrated and strenuous in their studies. In the workplace, employers report that
technical and vocational students do not have the courage to accept challenges and dare
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not try new things (Chiou Huei Fang 2013). An effective evaluation mechanism is not
only positive encouragement, but also a process of effective learning, and it is also the
key to reestablishing the courage to try new things. Evaluation is a communication mode
between education and learning. To jointly achieve the value expected by the society,
the key lies in the degree of perception of two-way information. A good communication
mode can effectively pass on the empathy information. TheMinistry of Education of Tai-
wan has actively promoted related programs in recent years, hoping to allow innovation
and entrepreneurship to take root on campus (Ministry of Education 2016). Encourag-
ing the spirit of CIE is a trend vigorously promoted by advanced countries. Promoting a
complete evaluationmechanism to establish a good communicationmodel is a necessary
condition for achieving the goals of education and knowledge building.

Starting from the construction point of creative education and knowledge presen-
tation, we can understand the way of presentation through the DIKW system diagram
(Data, Information, Knowledge, Wisdom), depending on the differences created by the
materials and purposes of each level (Chen Jing Yi. 2022). CIE is like an information
sharing system as information as a resource has the characteristics of being expandable,
compressible, substitutable, transportable, diffusive, and shareable (Cleveland 1982).

The DIKW four-level system (data-information-knowledge-wisdom) proposed by
Ackoff (1989) is applied in the field of knowledge management and educational devel-
opment, and the cognitive process of cognitive behavior from ignorance to understanding
(Zeleny 2005). In this study, on the basis of the DIKW framework model, the cognitive
model of three-creation evaluation involved in “design creation”was developed, and inte-
grated into a relationship map corresponding to the purpose of three-creation education
(Fig. 1). From the perspective of research, theory and practice, we can find the corre-
sponding class relationship, as well as the process of the application and development
of knowledge and skills in the future.

Data

Information

Knowledge
.

WisdomConnectedness

Understanding

Research and 
Development

Construct 
Theory

Practical 
Application

Understanding Principle

Understanding Patterns

Understanding Relations

Creativity

Innovation Application Level

Basic Level

Entrepreneurship

Explain

Enlighten

Change

Fig. 1. The Performance Map of DIKW and the CIE Educational Purposes. Reference source:
Lu Yan Ru, Lin Po Hsien, Lin Rong Tai (2021). Preliminary research on the general audience’s
cognitive model of “neural network-like” artistic style transfer. Journal of Design, 26(3), 61–84.
1.

As shownby themaphierarchy inFig. 1, it shows the degree of knowledge application
and the state of learning. Assessment is an area that can effectively understand the
lack of knowledge absorption and learning, and it also systematically creates a fair
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and just competition stage to cultivate talents for CIE. An open and clear evaluation
model can encourage the motivation of learning and strengthen the effectiveness, so
that the CIE education can be implemented and rooted in schools (Huang Yi Liang,
Wang Yi You 2019). The concept of CIE is to use new thinking, new technology and
new communication, etc., to integrate with cross-field models, and then to upgrade the
industry, to practice the value and spirit of CIE and to build a bridge for the future.

The three basic elements proposed in the book “Insight Out: Get Ideas Out of Your
Head and Into the World”, one of which is to have an “entrepreneurial mentality” and
have the courage to challenge all established frameworks and assumptions. Furthermore,
there must be a set of “clear methods” for solving problems and making good use of
opportunities, using your internal and external environmental factors to open the way
to create inventions. Third, a “clear roadmap” from inspiration to execution is required
(Tina Seelig 2016). Implementation is the only way to achieve success; but effective
evaluation is not only the correct way to learn, but also the best way to practice. Just
like a book, “reading to know” and “reading to understand” are two different realms and
meanings. The use of effective evaluation rules is an urgent and non-negligible link in
education.

In the Journal of University Teaching Practice and Research, in the article “Dis-
cussion on the Teaching Process of Improving the Learning Effects of CIE General
Education Courses - Taking “Life Creativity Ideas and Practices” as an example”, it is
proposed that “creativity is a kind of innovation in the existing field. Actions, ideas,
product changes and updates” rather than just the self-feeling or personal evaluation of
the instructor or leader. This has verified the theory (Amabile 1983) the emphasizing
that “products or observable responses are the ultimate proof of creativity” in the eval-
uation of creativity (Huang Yi Liang Wang Yi You, 2019). Previous teaching research
and seminars only focused on the creative teaching model, focusing on the process of
promoting students’ creativity (Dai Jian Yun, ChenWan Fei, Yuan Yu Xi 2009). Starting
from the perspective of the balanced development of CIE, the core of this study is to
evaluate the value of works and the measurement of learning effects.

2.2 Semiotics and the State of Perceptual Communication

This study uses semiotics to understand the state of information flow between coders
and decoders. Through symbol analysis, semiotician Roland Barthes (1977), based on
Saussure’s (1916) concept of sign and sign, further proposed the “two-level ideographic
law” to deduce information and connotative meaning, using the relationship between
the analyzed objects (Bally, Sechehaye 1977). Saussure believes that the distinction
between the two concepts of language and speech is the primary problem to be solved
in the study of linguistics in “General Linguistics Course”. (Tsen Yun Chiang 2006).
Saussure pointed out: “No matter which view we adopt, there are always two aspects of
language phenomena, and these two aspects correspond to each other, and one of them
needs the other to have its value. “In speech activities, language and speech correspond
to each other (Shi Shu 2012). In the perception activities after symbols are converted
into images, the corresponding communication behaviors are encoding and decoding.

This study confirms the effectiveness of learning through the evaluation of work
competitions, and provides suggestions for the instructor’s teaching direction. Taking
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audience perception as the evaluation, using the mode of semiotic message transmission
and the process of expression as the basis of review to analyze the learning status. In
semiotics, the perceptual performance of language activities can range from the exter-
nal actual relationship of symbols, to feeling, emotional extension, etc., to express the
strength of the message and the degree of message acceptance, which is an important
process of empathy between the contestants’ encoding and the judging’s decoding. Inte-
grating social and humanistic theoretical perspectives, at the same time collecting data
on audiences and media content. It is emphasized that through the negotiation between
the creator, the text of the work and the receiver (Hsu Jing Wun 2007), the individual
consciousness actively constructed by the receiver has also become themain influence of
criticism and review. However, the differences in geographical environment, knowledge
experience and cognitive structure show different interpretation results. The thinking
mode of judgment and approval is also a process of perceptual communication, and per-
ception exists in the process of symbolic communication. The connotation of empathy
is a part of society and culture, and it conveys a consensus cognitive message through
narrative interpretation. From the perspective and process of the review, it is divided into
the weighted comprehensive processing of cognitive and emotional changes of rational
thinking to achieve the result of the review. There are many factors such as professional
thinking, aesthetic experience, personal preference, emotional response and other psy-
chological processes (Chen Xi Jing 2018), and then interpret the conclusion of the sum
of the individual’s perception and value. Like the problem of satisfying appearance per-
ception, the semantic communication of meaning cognition and the effect level of inner
feeling (Chen, Lin, & Lin, 2014, 2015; Lin, Chen, Chen, & Lin, 2015; Xu Qi Xian, Lin
Rong Tai, 2011).

Between contestants and judges is a negotiation process of creators’ encoding and
judges’ decoding. In Hall’s view of text, the polysemy mentioned in the text is not
completely pluralistic, and there are still specific restrictions on the interpretation of
the audience. Hall adopts Parkin’s “value meaning system” and proposes three reading
positions for readers to read coded information. “Dominant-hegemonic Position”: The
listener fully accepts the connotation of the content of the message. “Negotiated Posi-
tion”: The correct combination of messages and specific or current situations under the
hegemonic structure. “Oppositional Position”: The listener has a good grasp of the con-
notation andmeaning, but organizes or seeks a reference frame for another interpretation,
resulting in opposite interpretations (Hall 1980). The semiotic concepts and perceptual
communication modes are framed in the evaluation mechanism of “negotiation posi-
tion”, and the rulers based on this have clear goals and two-way empathy conditions.
This can be used to establish the scope of review, reduce the uncertain factors in the
evaluation of the heart syndrome, and achieve the effectiveness of the ruler. Combining
the above theories, their relationships are integrated into a restricted cognitive model of
“evaluation rules” (Fig. 2).

In this study, Lin Rong Tai (2017) puts forward six corresponding factors and func-
tions of cultural and creative commodity communication, based on communication the-
ory and perception model, as the design framework of the evaluation ruler. Divide the
superficial factor into instinct, behavior and reflection, formulate the functional aspect
below into three levels of information, contact, and code, and plan it in the reviewmatrix
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Fig. 2. Corresponding Factors and Functions of the Communication of the CIE Competition
(drawn in this study).

structure, deconstructing the three-creation review rule The link that needs to be paid
attention to (Fig. 3).

2.3 Evaluation Ruler Under the Framework of Social Equity Theory

The concept of judging role evaluation ruler design comes from the Social Comparison
Theory proposed by Festinger (1954). The original intention is to believe that everyone
has their own beliefs after observing the environment, and has the ability to evaluate their
own abilities and social status, opinion needs (need), or driving force (drive) (Xiao Heng
zhe 2012). Taylor and Lobel (1989) further identified broadly paying attention to other
people’s information and comparing specific behaviors with others as the category of
social comparison theory, whichmeasures not only the ontology but also external things.
From the perspective of competition evaluation, it is the subjective consciousness gen-
erated through the ability and belief identified by the individual nature, which is used as
the benchmark for evaluation. Social comparison theory is divided into upward, paral-
lel, and self-comparison. By comparing with others, one can evaluate one’s own ability
and value (Seltzer 1980). Starting from the core of the essence of the CIE, and clearly
summarizing the evaluation direction and value into the value of educational expecta-
tions, similar review conditions will be produced. Narrowing the scope of perception,
excluding specific emotion, experience and other conditions of the social comparison
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theorymodel, setting themeasured category as innovation, creativity and entrepreneurial
awareness of sympathetic information, as the basis of social comparison, to reduce the
generation of psychological evidence Biased.

Equity Theory belongs to the scope of social comparison theory. It was put forward
by American psychologist Adams, J. S. in 1962 in the book “The Relationship ofWorker
Productivity to Cognitive Dissonance about Wage Inequities”, focusing on Research the
rationality and unfairness of wage distribution and its impact on employees’ production
enthusiasm. Among them, the factors for improving labor morale include three levels of
identity, sense of belonging, and sense of rationality (Wu Zong Li 1997), which means
the balance between goals, individuals, organizations, and expectations, and the same
rationality also exists in the evaluation mechanism. In terms of sex and applicability, the
following is an integrated map for the comparison of the elements of the fairness theory
used in this study (Fig. 4).

Effective evaluation mechanism and rules, participation, learning, and education
are interrelated. Educational goals increase the willingness to participate in behavior,
improve the willingness to learn psychologically, and actually meet the expected educa-
tional outcomes of social expectations. The model of fairness theory can be effectively
established in the CIE education, to achieve important teaching and progress between
industry and academia, and to highlight the importance of product quality standards in
education and social development.
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Fig. 4. Correspondence Map Between the Components of Morale and CIE Education (drawn in
this study). Reference source: Hoy & Miskel, 1991.

3 Research Methods

In this study, the project of reviewing rulers and regulationswas developed in a perceptual
mode, and the research on the design of rulers and regulations was carried out in combi-
nation with questionnaire survey. In the process of encoding and decoding, explore the
difference in the influence of rulers and gauges in the evaluation. The research process is
shown below (Fig. 5). In the early stage of the research, the questionnaire survey method
was used to deconstruct the reviewer’s perception model of the CIE, and a communi-
cation matrix structure for the reviewer’s role evaluation ruler design was constructed
(Fig. 2). With educators and professionals in the fields of design, marketing, and adver-
tising and with respect to the meaning, function, and development of the CIE; through
eliminating subjectivity and preference, and thinking objectively and fairly, as a pilot
questionnaire survey for perceptual deconstruction to confirm the perception of CIE, the
validity of the perception and thinking of education and industry professionals on the
recognition of the communication matrix structure, is used to construct the revision of
the design model of the review ruler.

Subsequently, this study also divided the judging into two groups, namely the control
group for competition judging and the experimental group for non-competitive judging.
The original review is the control group, and the existing reviewmethodwill be used,with
the scoring methods of creativity (40%), fluency (30%), and completeness of concep-
tion (30%). In addition, the experimental group judged by the non-competition adopts
the scoring method of the perceptual design model, and re-evaluates and records the
competition works of this research with the method of questionnaire survey. Through
this, we can understand the scoring status of the works, and analyze and discuss the sim-
ilarities and differences between the original scoring mechanism and the review scale
constructed by the CIE Perceptual Scoring Model.
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3.1 Research Steps and Process

This study formulates a cognitive model as a design framework for the rubric. It creates
a matrix structure evaluation rule for communication between creators and judges. A
questionnaire is also designed to record points, so as to understand the gap between the
rating status of the new reviewers and the original reviewers. Further confirmation and
the effect in the learning process will become the basis for adjusting the direction in
future teaching.

1. The learning purpose of higher education
2. The educational significance of the CIE Competition
3. Rationality and fairness of competition
4. The connection between industry and academia

Stage 1 : Research and Clarify Questions

Stage 2 : Literature Review and Collation

Stage 3 : Research Methods and Experimental Design

Stage 4 : Results Analysis and Discussion

1. CIE  and DIKW four-level system
2. Descriptive analysis of semiotics and perception theory
3. Discussion on the framework model of fairness theory
4. Design of measuring rules for the CIE competitions

1. Questionnaire for the evaluation rules of the CIE Competition
2. Cognitive analysis of the questionnaire on the new scale
3. Experimental group implements new evaluation questionnaire design

1. The application of the new assessment scale questionnaire
2. Comparative analysis of questionnaires on new scales and gauges
3. Future research directions and suggestions

Research 
BackgroundResearch background 

and purpose

Literature review

Research methods

Expected results

Research Purposes

Literature Collection
Date Analyzing
Theory Building

Document Analysis
Questionnaire

Review Reassessment

CIE Evaluation Standards
Re-examination

Fig. 5. Research Method and Process.

3.2 Contents of the Questionnaire on the Design of the CIE Assessment
Perception Rulers and Gauges

The perception and identification of the score sheet is a layered deconstruction that needs
to be obtained from the CIE education consensus in the previous research. Therefore,
the content of the preliminary questionnaire is set to record three levels of innovation,
creativity, and entrepreneurship, to confirm the linear recognition of the description
and content of the CIE in the perception process, and the sense of identity with the
proportion of CIE in one question, to ensure that the questionnaire is effectively filled
out and interviewed. The differences in the common cognition of the participants are
within the scope of control. Creativity, innovation, and entrepreneurship inCIE education
are a cycle of thinking, practice, and continuation, so three-creation education should
be a study that is equally important. While setting the questions, it also understands the
cognition of the purpose of the CIE education.
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Among the creativity-related question types, the identification and needs of discov-
ery, challenge, and problem-solving are used as the starting point, and the purpose is
to understand the source of creative thinking and the state of extensive learning and
application in life. The innovation-related question type is to propose effective solutions
and practice directions, understand the cognition of innovation in designers and review-
ers, and in-depth learning experience of effective small problem solving. The spirit of
entrepreneurship is also the focus of CIE, with the recognition of social needs, consumer
experience and quantification, and the continuation of commercial thinking. The use of
questionnaires should prove whether the questions and conditions set by the perception
communication matrix are recognized and converted into evaluation standards.

3.3 The Evaluation Score of the Experimental Group as the Volume Content

According to the communication matrix model in Fig. 3, after transforming it into a
mock review perception evaluation questionnaire, it becomes the evaluation item of the
work. Through the experimental group, the total evaluation scores of the two groups
of the original jury and the control group were obtained as an analysis comparison. In
this study, the first to eight shortlisted competition cases will be re-evaluated with the
perceptual evaluation ruler.

Design the mock review scoring questionnaire, with innovation, creativity and
entrepreneurship as the review conditions, and start from the educational spirit of CIE.
There are eight sets of one-minute videos in the review mock questionnaire. From the
perspective of review, the respondents gave a score of 1 to 10 points and personal feel-
ings from the direction of innovation, creativity and entrepreneurship (1 is the lowest
score and 10 is the highest score). There are 10 questions in each group. The sum of
all evaluation criteria is the ranking, which is used to compare the original evaluation
results and discuss the differences in the results of different evaluation methods in the
competition.

4 Results and Discussion

In the previous research, the perceptual model was used to formulate the content of the
review rules, and the differences in cognitionwere understood bymeans of questionnaire
survey. The number of returned questionnaires was 103. The obtained questionnaire
responses are as follows.

77.1% of the surveyed data are related to the nature of the work and the develop-
ment of CIE education. The study found that according to the questionnaire design of
perceptual communication, there is a need for the overall educational goals of the CIE,
and 69.9% of the respondents agree that from the perspective of education, the CIE must
be balanced development. Based on this premise, the main content of the questionnaire
is entered, and the three directions of creativity, innovation and creation are respectively
carried out to reflect the thinking and identification questionnaires that the works need
to present. The questionnaire is designed as a linear scale to understand the state of
cognitive identification. In the creative survey questions, the linear scale diagram of the
questionnaire responses is shown in Fig. 6 below.



Preliminary Research on the Design of the Evaluation Ruler 211

Among the question items in Fig. 3 set by the conditions of the communication
matrix structure diagram of the review role creator, as shown in Fig. 6, the linear scale
percentage of the response to the perception questionnaire shows that the scale 1 to 3
is excluded. The average recognition rate of the creative perception evaluation items
is as high as 71.3%. Responses to relevant questions agree with 75.1% of creative,
69.2% innovative, and 69.2% entrepreneurial. The research confirms that the project
designed with the perception communication matrix not only agrees with the needs of
CIE evaluation and learning, but also reaches a consensus on the needs of CIE by both
creators and judges.

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%
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Crea vity Issue 2

Crea vity Issue 3
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82.9%

67.5%

55.4%

91.4%

61%

49.4%

92.8%

65.4%

Fig. 6. Percentage Linear Scale of Responses to the CIE Perception Questionnaire (plotted in this
study).

The reviewquestionnaire is designed to be ranked in the order of 1st to 8th place in the
original competition, and then the selection has a positive view on the learning balance
of the CIE, and the non-original competition reviewers are 35 in the experimental group,
and a new simulation review questionnaire is conducted. All the interviewees in the
questionnaire summed up the individual questions in the individual works, and then re-
ranked the accumulated total points to compare the statistics of the original competition
review results, as shown in Table 1. In the data sheet, the work that ranked No. 1 in
the original ranking will be reduced to No. 5, while the work that ranked No. 6 will be
promoted to No. 1. The study found that there is a big difference between the rankings
of the new judging rules formulated by the perceptual model and the original judging
rules. The original number of reviewers was 5 people, and there were many testimonials
and preference scores in the few and unclear project specifications. The clear perception
project specification can effectively solve the biased criticism of the existing model.
The large number of new test subjects also verifies the fairness of the new review rules
formulated by the perception model.
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In the creative test questions of items 1 to 3, it was also found that the original first
place work and the first place after the new review results showed lower scores in the
innovative projects. In the future teaching, it will help to analyze and strengthen the
learning of lower scores, so as to present a more balanced reference direction for the
development of CIE.

Table 1. Score Table of the CIE Film Competition Mock Review Project.

No. Creativity Innovation Entrepreneurship

it.1 it.2 it.3 it.4 it.5 it.6 it.7 it.8 it.9 it.10 Score Ranking

1 210 212 195 205 209 203 229 237 201 196 2097 5/1(old)

2 223 233 219 217 236 224 245 246 218 230 2291 3/2(old)

3 238 238 225 229 236 231 247 252 232 233 2361 2/3(old)

4 197 189 185 188 178 184 189 200 170 172 1852 8/4(old)

5 224 208 221 221 204 208 218 218 201 200 2123 4/5(old)

6 246 241 244 235 224 242 250 254 235 235 2406 1/6(old)

7 213 209 210 204 194 196 208 214 192 182 2022 6/7(old)

8 191 192 188 185 185 185 189 199 179 171 1873 7/8(old)

5 Conclusion

The purpose of this study is to establish a fair, impartial and objective reviewmechanism
for the CIE, and to obtain recognition from the perception communication questionnaire.
The goal of analyzing the teaching direction from the learning process is also achieved
through the new review of the scoring rules.

After the grading rules for the CIE competitions are formulated, they can effectively
produce a grading basis and structure that can be followed, and then modify the teaching
direction, and improve the professional knowledge and thinking required by the industry.
In addition to impartially reviewing the performance ofworks, the evaluationmechanism
proposed in this study also understands the differences between the learning process and
realistic goals, and then adjusts the teaching direction to realize the original intention
of three-creation education. The design of the evaluation scale for the three innovation
competitions in higher education only proposes a preliminary exploration of an effective
evaluation model for educational development. The use of perception in the evaluation
of three-creation education still needs to go through many trials and revisions before the
effectiveness of perception evaluation can be verified. It is expected that CIE education
will have more teaching development and thinking to improve learning effects, and
discover models worth exploring and researching, so as to build the foundation for
future international competitions.
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Abstract. The move to synchronous and asynchronous learning occurred during
the extraordinary disruption of the Covid-19 pandemic. This case study, con-
ducted by a self-completion questionnaire, aimed to provide a dual-perspective
and comparative picture of the situation by investigating the impact of this new
learning approach on graphic design students in a developing country (Botswana)
verses a developed country (UK). This was done by comparing how teaching and
learning were affected, how education stakeholders responded to the educational
disruption, and how the students felt about it within the University of Botswana
(Botswana) and the University of Huddersfield (UK).

Whilst research currently exists on teaching problems in developing and devel-
oped countries, they do not focus specifically on graphic design students in an
internationally comparable way. A future benefit to this report, that would require
further investigation and collaboration, is that academics who shift from one coun-
try to another could develop a framework to enable that shift to be seamless. This
report presents data collected from two different universities in two different coun-
tries covering topics like previous experience with learning online, preferences
with learning online, benefits, hindrances and how to address queries.

Whilst most of the students demonstrated a positive attitude towards online
classes during the pandemic, with both country’s liking the flexible and convenient
way to study, only students from Botswana would be interested in staying online.
This study further emphasizes that close monitoring and evaluation of the learning
process is still required regardless of whether the programme has a synchronous
and/or asynchronous learning approach.
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1 Introduction

At the peak of educational institutes closures, in early April 2020, 180 countries had
implemented a nationwide closure of all educational institutes, affecting about 90%of the
total enrolled learners (UNESCO, 2022). This was due to the Covid-19 virus spreading
around the world. The virus was spread by being in close contact with an infected person,
a scenario highly likely in an enclosed classroom. As it was impossible at the time to
know how long these closures would be implemented both educational institutions, and
students, were examining ways to complete their prescribed curriculums in line with the
academic calendar. Globally, schools were fully closed for an average of 14 weeks, with
Botswana (19.9 weeks) and the UK (25.9 weeks) exceeding that (UNESCO, 2021).

Whilst these measures caused an unprecedented crisis in education across the globe,
they have also prompted new examples of educational innovation using digital interven-
tions. This may be sanguine but considering the often reluctance within certain higher
academic institutions for reforms, particularly in Botswana, it may well save them. Con-
sider, for example, that for 500 years the book’s historical role in learning has been based
on the primacy of text over the visual.

Contemporary research shows that we learn faster through the use of visual media
when utilized in learning (Parkinson, 2010). The Fourth Industrial Revolution (4IR) has
arrived, bringing with it a dynamic, contextual, and linking environment. Pedagogy has
become ever more reliant on technology and during the pandemic this transition was fast
tracked, so teachers need to have a passion for and eagerness to experiment with these
new modes of engagement and have thoughtful consideration of the tools that allow for
this new deeper engagement. The impact of the Fourth Industrial Revolution (4IR) on
design education and learning, and indeed teaching, has been profound. The majority of
people are visual learners and retain far more when presented with an infographic than a
paragraph (Parkinson, 2010). Graphic design students should not have to endure a body
of content thatmust be learned off by heart but should appreciate a process of questioning
and exploration. For contemporary educators the challenge between synchronous and
asynchronous delivery becomes a significant one, as it calls for very different ways
of student engagement. It can also offer more flexibility and opportunities to explore,
discover, and find one’s own way by self-guided instruction. This comes with even more
class management challenges related to the calibre, and indeed technical ability, of the
leaners.

As most countries are now open, reopening, or planning to reopen their education
institutions, the priority is to ensure the return of all learners. However, experience from
past crises and economic shocks suggest that not all students will be able to return.
UNESCO projections, covering 180 countries and territories, estimate that Tertiary edu-
cation will be affected the most, with an estimated 3.5% decline in enrolment, resulting
in 7.9 million fewer students. The second largest share of learners (5.3 million) at risk
of not returning are found in sub-Saharan Africa (Giannini, 2020).

Having lectured in the “University of Botswana” during the initial phases of the
pandemic, and then the “University of Huddersfield” during its final phases, I have a
unique insight into the challenges faced with synchronous and asynchronous learning
approaches in a developing country and a developed country. This paper shares the results
of a combination of a synchronous and asynchronous learning and teaching approach
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used for undergraduate graphic design students in a developing country and a developed
country and compares them.

The study is important for two main reasons. Firstly, countries can learn from each
other’s approaches and mistakes. The curriculum of graphic design is such that practical
aspects are a large and important part of the programme and adapting them to online
platforms can be decidedly tricky. Secondly, educational intuitions can learn to adapt to
students needs and preferences. At the end of the day, it is all about understanding how
to best educate within a given socio-cultural context, and as this changes from place to
place, our methods also need to change.

As there are nowmanyways to design and deliver asynchronous content, it is increas-
ingly important to also take into consideration the preferences of the student to encourage,
and indeed not hinder, participation. The Australian National Training Authority inves-
tigated the readiness of students for online learning mainly in terms of three aspects: (1)
the online delivery preference of students; (2) the student’s confidence in their technical
ability; and (3) their capability to engage in autonomous learning (Warner et al. 1998).
The student’s perception is vital to accommodate any effort to improve the effectiveness
of online learning. Whilst previous studies have identified basic frameworks and obsta-
cles to asynchronous learning, not many have attempted to understand how the cultural
and socio-economic situation might change a student’s perception and preference in the
context of a specific developed country comparatively to a specific developing country
with primary research.

Furthermore, to the best of my knowledge, a study specifically in the field of graphic
design education, with a very high share of practical learning in the curriculum, within
the above context has not been attempted.

This paper is an attempt to try to fill this gap as well as used to further explore strate-
gies that could be developed to create a more supportive learning environment. A case
study approach recommended by Yin (2008) and Stake (1995) was employed because
the phenomena being investigated had not been studied before within the context of the
UK and Botswana. Baseline data was collected using a self-completion questionnaire.
A questionnaire was chosen because the students represented a larger size of the sample.
For purposes of gaining a holistic picture the research employed both quantitative and
qualitative research instrumentation.

1.1 Methodology

Participants:

University of Botswana (Botswana) University of Huddersfield (UK)

Cohort 39 78

Responses 16 (41%) 29 (37%)

Graphic design students in their second-to-last year (in Botswana this would be 4th
year students as the degree is five years, and in the UK, 2nd year students as the degree
is three years) were chosen as the respondents for this study as they are in the semi-
autonomous stage of their degree, not as inexperienced as 1st years, but not as confident
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as final years. Also, the subject is largely practical and requires students to use expensive
studio equipment not always readily available at home, e.g., specialist printing (large
format, 3D, silkscreen, RISO etc.), laser cutters, book binding machines etc.

117 students were eligible to participate (39 from Botswana and 78 from the UK)
with 45 partaking (16 from Botswana and 29 from the UK). This represented 41% of
all Batswana students and 37% of all UK students in their respective cohorts. 23 were
Female, 21 were Male, and 1 identified as non-binary.

1.2 Procedure

A preliminary questionnaire was put together from discussions with students who were
currently attending the online classes in Botswana. Pre-testing was done with a sample
of four students (10% of the cohort) and their feedback were considered for the final
questionnaire.

1.3 Domain of the Study

The online survey was built in Microsoft Forms and the link was sent to the UK students
through Microsoft Teams (as I currently work here) and the link was sent to my former
Batswana students through aWhatsApp group formed during the pandemic. I closed the
form after 10 days of circulation.

1.4 Data Analysis

Data were collected on demographics, preferences, perceptions, advantages, disadvan-
tages, and suggestions. To analyse and summarise the data frequency, percentages were
calculated formost of the questionswith statements being rated on afive-point continuum
scale (five being most effective and one being the least effective).

2 Section 1: Demographic Details of the Students

This sectionwas formed of sex, age, and place of residence. This question intended to see
if the impact of synchronous and asynchronous learning affected the sexes differently,
and/or, what sexes were more inclined to respond. The same logic applies to the age
range and finally the place of residence sets the scene for the environment a student was
in during the closures and how that may or may not affect them.
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Botswana UK

Themajority of Batswana students who participatedwereMale (63%), aged between
18–24 (100%) and living at home with their family (70%).

The majority of UK students who participated were Female (59%), aged between
18–24 (88%) and living at home with their family (65%).

3 Section 2: Information Regarding Previous Experience
with Learning Online

This question intended to see any if previous experience with online learning had an
impact on a student’s perception or ability to adapt to the new learning environment.

Botswana UK
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Among the respondents, only six (37%) from Botswana (with one having done a
blended learning course) had prior experience of online classes. In the UK eight (28%)
had prior experience of online classes (with none having done a blended learning course).

Of the 63% of people who answered “No” for this question (Botswana), the majority
(70%) answered “As per the schedule to complete the syllabus” for Question 8, “How
often did you expect the course tutor to conduct the classes?”. However, of the 37% of
people who answered “Yes” for this question, the majority (80%) answered either “Less
than 2 h” or “2–4 h” for Question 10, “How much time would you like to spend in a day
for online classes”.

Similar results occurred in the UK with the 73% of people who answered “No”
for this question (UK), the majority (72%) answered “As per the schedule to complete
the syllabus” for Question 8, “How often did you expect the course tutor to conduct
the classes?”. However, the 28% of people who answered “Yes” for this question, the
majority (63%) answered “2–4 h” for Question 10, “How much time would you like to
spend in a day for online classes”, possibly indicating that those with no prior experience
believe that the duration of a class online and face-to-face should be the same, with the
students who had prior experience of online indicating that a shorter class is preferable.

4 Section 3: Student’s Preferences with Learning Online

This question intended to investigate what student’s preferences, if any, they had with
regards to how they connect to the class, what device they prefer, and how they’d like to
receive the material and communication from their tutor.
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Botswana UK

In Botswana 44% had a preference for “Real-time LIVE classes via Teams, Zoom
etc. (synchronous)” with 87% accessing these classes via a “Laptop computer” using
“Mobile Data” (43%).

Not too far behind, on 33%, was a preference for “Email material and do it alone”
with 80% accessing these classes via a “Laptop computer” using “Wi-Fi” (60%).

The least preferred option, on 22%, was “Recorded classes uploaded to BrightSpace,
BlackBoard,Moodle etc. (asynchronous)”with 66%accessing these classes via a “Smart
phone” using “Mobile Data” (66%).

In the UK 58% had a preference for “Real-time LIVE classes via Teams, Zoom
etc. (synchronous)” with 91% accessing these classes via a “Laptop computer” using
“Wi-Fi” (100%).

The second most preferred option, on 31%, was a preference for “Recorded classes
uploaded toBrightSpace, BlackBoard,Moodle etc. (asynchronous)”with 80%accessing
these classes via a “Laptop computer” using “Wi-Fi” (80%).

The least preferred option, on 9%, was “Email material and do it alone” with 100%
accessing these classes via a “Laptop computer” using “Wi-Fi” (100%).

Botswana had a much greater spread on how they wanted to engage with online
learning with less than half of the students (44%) making up the majority of wanting
“Real-time LIVE classes” and “Email material and do it alone” not too far behind
(33%). This is in stark contrast to the UK where students overwhelmingly preferred
(58%) “Real-time LIVE classes” and a very small minority (9%) “Email material and
do it alone”. The reasons for this would require further investigation but could have
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something to do with the majority of Batswana relying on using “Mobile Data” (50%)
as opposed to 0% in the UK. Also, despite the majority of people in Botswana (68%)
using a “Laptop computer” there was still 25% using a “Smart phone”, suggesting that
the chosen platform for delivery should be compatible with smart phones.

5 Section 4: Frequency and Duration of Online Classes

This question intended to investigate what student’s preferences, if any, they had with
regards to how often they were required to connect to the class, and for how long they
would prefer to do so.

Botswana UK

In Botswana 63% had a preference for “As per the schedule to complete the syllabus”
in relation to the frequency of the classes, with 56% preferring the duration to be the
“Same as face-to-face timetabled class” and 38% requiring a break of “15 min” between
classes. The majority (44%) would like to spend “Less than 2 h” in a day for online
classes. Classes tend to be timetabled all day in Botswana but 40% of the students who
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answered, “As per the schedule to complete the syllabus”, also stated that they would
like to spend “Less than 2 h” in a day for online classes, possibly indicating that they
would like some autonomous time which is a large feature in a face-to-face graphic
design course, especially as the programme of study progresses.

In the UK 55% had a preference for “As per the schedule to complete the syllabus”
in relation to the frequency of the classes, with 83% preferring the duration to be the
“Same as face-to-face timetabled class” and 66% requiring a break of “15 min” between
classes. The majority (52%) would like to spend “2–4 h” in a day for online classes.
Similarly, to Botswana, classes tend to be timetabled all day yet 68% of the students who
answered, “As per the schedule to complete the syllabus”, also stated that they would
like to spend either “Less than 2 h” (6%) or “2–4 h” (62%) in a day for online classes.

6 Section 5: Addressing Queries

This question intended to investigate what student’s preferences, if any, they had with
regards to how to solve an issue they were having, and how long they expected to wait
for clarity.

Botswana UK

In Botswana the majority (31%) had a preference for “Email” in relation to ways
for clarifying queries, closely followed by “Messenger apps (WhatsApp, Telegram,
Messenger etc.)” at 28%. “Live chat in the classroom” and “VoIP (Zoom, Teams, Skype
etc.)” came in the same at 21%.

The majority (38%) would like a response to their query “Within a day”, however,
25% were happy to wait until the next class for clarity despite 50% of those students
choosing “Email”, “Messenger apps (WhatsApp, Telegram, Messenger etc.)” or “VoIP
(Zoom, Teams, Skype etc.)” as their preferred way for clarifying queries. In other words,
not “Live”.

In the UK the majority (35%) had a preference for “Live chat in the classroom” in
relation to ways for clarifying queries, closely followed by “Email” at 33%. “Messenger
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apps (WhatsApp, Telegram, Messenger etc.)” and “VoIP (Zoom, Teams, Skype etc.)”
came in the same at 16%.

The majority (31%) would like a response to their query “By the next class” with
66% choosing “Live chat in the classroom” as their preferred way for clarifying queries
indicating that they would like the response “Live”.

7 Section 6: Student’s Perception Towards Online Learning

This question intended to investigate what student’s preferences, if any, they had with
regards if they prefer face-to-face or online.

Seven statements were put to the students, and they were asked to rate them along a
scale of a five-point continuum with 1 being “Strongly agree” all the way up to 5 being
“Strongly disagree”.

The seven statements are as follows:

1. I prefer my online courses as they are very structured with set due dates similar to
face-to-face courses

2. Online classes help me to better comprehend the course materials compared to
Classroom learning

3. Online environment makes it easier for me to communicate with my instructor than
classroom environment

4. I am more comfortable responding to questions by email than orally
5. My technical skills (email/internet apps) have increased since attending online classes
6. I spend more time on my homework in comparison with regular classroom learning
7. My instructor understands the online environment and makes it easy to learn

The results fromBotswanawould suggest a very strong preference for online learning
across all seven statements with only two statements (4 and 7) getting a “Strongly
Disagree” score, and even then, it was only 12% for both statements combined (6%
each).

Botswana:
To statement (1) 81% of students chose either “Strongly agree” (19%) or “Agree” (62%),
with only 6% choosing “Disagree”, 12% being neutral and choosing “Neither agree nor
disagree” and 0% choosing “Strongly Disagree”.
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To statement (2) 81% of students chose either “Strongly agree” (6%) or “Agree”
(75%), with only 0% choosing “Disagree”, 19% being neutral and choosing “Neither
agree nor disagree” and 0% choosing “Strongly Disagree”.

To statement (3) 81% of students chose either “Strongly agree” (6%) or “Agree”
(75%), with only 6% choosing “Disagree”, 13% being neutral and choosing “Neither
agree nor disagree” and 0% choosing “Strongly Disagree”.

To statement (4) 56% of students chose either “Strongly agree” (6%) or “Agree”
(50%), with only 18% choosing “Disagree”, 18% being neutral and choosing “Neither
agree nor disagree” and 6% choosing “Strongly Disagree”.

To statement (5) 75% of students chose either “Strongly agree” (25%) or “Agree”
(50%), with only 0% choosing “Disagree”, 25% being neutral and choosing “Neither
agree nor disagree” and 0% choosing “Strongly Disagree”.

To statement (6) 50% of students chose either “Strongly agree” (44%) or “Agree”
(6%), with only 25% choosing “Disagree”, 25% being neutral and choosing “Neither
agree nor disagree” and 0% choosing “Strongly Disagree”.

To statement (7) 81% of students chose “Agree”, 0% selected “Strongly agree” or
“Disagree”, 13% were neutral and chose “Neither agree nor disagree” and 6% chose
“Strongly Disagree”.

UK:
The results from the UK were much more diverse compared to Botswana with 4/7
statements having preferences across all five options.

To statement (1) only24%of students chose either “Strongly agree” (21%)or “Agree”
(3%), with 25% choosing “Disagree”, 41% being neutral and choosing “Neither agree
nor disagree” and 10% choosing “Strongly Disagree”.

To statement (2) only 17% of students chose “Agree” with 0% choosing “Strongly
agree”, 41% choosing “Disagree”, 35% being neutral and choosing “Neither agree nor
disagree” and 7% choosing “Strongly Disagree”.

To statement (3) only 28% of students chose either “Strongly agree” (7%) or “Agree”
(21%), with 48% choosing “Disagree”, 17% being neutral and choosing “Neither agree
nor disagree” and 7% choosing “Strongly Disagree”.

To statement (4) only38%of students chose either “Strongly agree” (14%)or “Agree”
(24%), with only 7% choosing “Disagree”, 48% being neutral and choosing “Neither
agree nor disagree” and 7% choosing “Strongly Disagree”.

To statement (5) 48% of students chose either “Strongly agree” (3%) or “Agree”
(45%), with only 14% choosing “Disagree”, 35% being neutral and choosing “Neither
agree nor disagree” and 3% choosing “Strongly Disagree”.

To statement (6) only 17% of students chose “Agree”, 0% selected “ Strongly agree”,
17% choose “Disagree”, 56% were neutral and chose “Neither agree nor disagree” and
10% chose “Strongly Disagree”.

To statement (7) 41% of students chose either “Strongly agree” (3%) or “Agree”
(38%), with only 7% choosing “Disagree”, 52% being neutral and choosing “Neither
agree nor disagree” and 0% choosing “Strongly Disagree”.

I took all this information and put it into a table and highlighted in red any resultwhich
had a ≤5% difference. This happened on seven occasions highlighting the statements
and feelings from each country were in synch with each other.
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No. Botswana / UK
Strongly agree Agree Neither 

agree nor 
disagree

Disagree Strongly 
Disagree

(1) 19% 21% 62% 3% 12% 41% 6% 25% 0% 10%
(2) 6% 0% 75% 17% 19% 35% 0% 41% 0% 7%
(3) 6%  7% 75% 21% 13% 17% 6% 48% 0% 7%
(4) 6% 14% 50% 24% 18% 48% 18% 7% 6% 7%
(5) 25% 3% 50% 45% 25% 35% 0% 14% 0% 3%
(6) 44% 0% 6% 17% 25% 56% 25% 17% 0% 10%
(7) 0% 3% 81% 38% 13% 52% 0% 7% 6% 0%

7.1 Similarities (≤5% Difference)

Statement (1) “I prefer my online courses as they are very structured with set due dates
similar to face-to-face courses”. Both countries had a similar percentage of students
choose “Strongly agree”.

Statement (3) “Online environment makes it easier for me to communicate with
my instructor than classroom environment”. Both countries had a similar percentage of
students choose “Strongly agree” and “Neither agree nor disagree”.

Statement (4) “I ammore comfortable responding to questions by email than orally”.
Both countries had a similar percentage of students choose “Strongly disagree”.

Statement (5) “My technical skills (email/internet apps) have increased since attend-
ing online classes”. Both countries had a similar percentage of students choose “Agree”
and “Strongly disagree”.

Statement (7) “My instructor understands the online environment and makes it easy
to learn”. Both countries had a similar percentage of students choose “Strongly agree”.

8 Section 7: Benefits of Online Learning

This question intended to investigate what students perceive as the benefits, if any, with
online learning as opposed to face-to-face.

Botswana:
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In Botswana “Improves your technical skills” was seen as the most beneficial aspect
of online learning followed by “Flexible schedule and convenience”. The results of
the study would suggest that Batswana see asynchronous online learning as offering
them the ability to study at their own pace and convenience, as well as improving their
technical ability. “Self-discipline and responsibility”, “More comfortable environment”,
and “More interaction and greater ability to concentrate” were ranked third, fourth and
fifth respectively. No students selected “Other”.

UK:

In the UK “More comfortable environment” was seen as the most beneficial aspect
of online learning followed by “Flexible schedule and convenience”. The results of the
studywould suggest that in theUK students see asynchronous online learning as offering
them the ability to study in a more comfortable environment and at their own pace
and convenience. “Self-discipline and responsibility”, “Improves your technical skills”
and “More interaction and greater ability to concentrate” were ranked third, fourth and
fifth respectively”. One student selected “Other” and stated, “I can’t say there’s any
benefits in an online environment, I believe the best work is completed in a face-to-face
environment/studio where I actually feel like I’m at work. It creates more structure, the
process of getting up and going to the studio, treating it much like going to the office”.

9 Section 8: Hindrances of Online Learning

This question intended to investigate what students perceive as the hindrances, if any,
with online learning as opposed to face-to-face.



228 G. Kennedy

Botswana

In Botswana “Data limit” was seen as the biggest hinderance to online learning
followed by “Lack of connectivity”. This makes sense based off the fact that in question
7, “Which of the following is your MAIN Internet source?” the majority of students
selected “Mobile data” (44%). Botswana is a rural country with many phone signal blind
spots. “Lack of device”, “Data Speed”, “Intense requirement for self-discipline/Lack of
technical skills”, “Technophobia/Poor learning environment” all followed in that order
with “Little/no face-to-face interaction” coming in last.

The study highlights that three out of the top four hinderances are limitations of
the country’s internet infrastructure, not helped by the country’s landlocked status. The
other member of the top four, “Lack of device” possibly highlighting Botswana’s wealth
divide and lack of equity in access to technology.

These gives an insight that if Botswana wants to move towards online education,
and it’s clear from this report that the students want to (81% of students indicated that
they prefer online), then as a pre-requisite it should focus on its internet facilities and
accessibility to technology, specifically “Laptops” as this is the device of choice for 69%
of students as per question 6, “Which of the following devices do you MOSTLY prefer
to use to connect to your online class/material?”.

A lack of traditional face-to-face interactions in classrooms seems to be of little
concern to the students. Further investigation is needed to establish why.
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UK:

In the UK “Little/no face-to-face interaction” was seen as the biggest hinderance to
online learning followed by “Lack of connectivity”. This is somewhat surprising with
100% of the students in question 7, “Which of the following is your MAIN Internet
source?” selecting either “Wi-Fi” (97%) or “Wired LAN connection” (3%), not to men-
tion the UK having high speed fibre optic broadband readily available. I wonder if the
students interpreted it as a physical lack of connection.

“Intense requirement for self-discipline”, “Data Speed”, “Poor learning environ-
ment”, “Data limit”, “Lack of device”, “Other”, and “Lack of technical skills” all
followed in that order with “Technophobia” coming in last.

“Data Speed” showing up in fourth place is also surprising as question 6, “Which
of the following devices do you MOSTLY prefer to use to connect to your online
class/material?” showed only 3% connected with a “Smart phone”.

Four students selected “Other” and stated:

1. “Feels less personal, asking questions to tutor is more difficult over online classes.
Getting help isn’t always instant, a second call may need to follow get help”.

2. “I feel as if the more comfortable I am at home, the less likely I am to do any work,
concentrate, listen and don’t have the same feeling and connectivity with the tutors
as I would if I was face to face”.

3. “Email conversations become tiresome especially when it takes over a week to get a
reply”.

4. ‘Cannot replicate the studio atmosphere needed for my course”

The study highlights that two of the top three hinderances in the UK are a lack
of “Little/no face-to-face interaction” and an “Intense requirement for self-discipline”,
possibly indicating that the UK students are not yet comfortable working autonomously.
The other member of the top three, “Lack of connectivity” is surprising for the above
reasons and as previously stated, I wonder if the students interpreted it as a physical lack
of connection. This requires further investigation but would be in keeping with the other
top hindrances if true.

These gives an insight that if the UKwants tomove towards online education, and it’s
not clear from this report that the students want to (only 24% of students indicated that
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they prefer online), then there will be issues around the lack of face-to-face interactions
in classrooms. Working autonomously and self-discipline is also a major concern.

10 Conclusion

While the kind of self-directed learning in asynchronous approaches is supposed to be
empowering, since the students feel an ownership over their learning, this study has
shown that close monitoring and evaluation of the learning process is still required. This
ensures that the learning is relevant to the students’ world and to their interests, relevant
to the needs of their communities, and solves problems that they need to solve. Further
research into possibly developing a toolset for academics who shift from one country to
another could be possible with more studies like this one.

Whilst most of the students demonstrated a positive attitude towards online classes
during the pandemic, with both country’s liking the flexible and convenient way to study,
only students from Botswana would be interested in staying online.

Shifting to the online learning mode requires the interweaving of three knowledge
bases, namely: subject matter knowledge, pedagogical knowledge, and technological
literacy. Of the students, the UK most showed adaptation to the approach by submitting
good quality outcomes on the set deadlines. A few had commitment issues with the
asynchronous tasks and failed them. All students had a good grasp of the technology
tools required for learning the course, with most of them using them effectively.

In contrast, the shift to online learning platforms was a relatively new phenomenon
to both lecturers and students at the University of Botswana. Not all the lecturers were
proficient in integrating technology into teaching and learning with many refusing to
engage with the use of online learning platforms to deliver lessons. There are also
challenges relating to broadband connectivity issues across the country which makes
it a challenge for students to access the learning materials. This problem is further
compounded by the fact that not all students or lecturers have their own computers or
laptops at home and/or internet access.

Whilst digital content has undoubtedly explored new avenues for design and edu-
cation by moving it well beyond the traditional chalk and talk classroom to create an
interactive, engaged, and participatory classroom, it is clear that it is not panacea. This is
especially true for graphic design students as they require workshop access and a large
breadth of practical print processes that are unavailable to them online. In the non-virtual
world people still must work together face-to-face, live together, and carry out projects.
An acquisition of online knowledge, skills and even collaboration abilities have its place
in this mix, but it is one part of a wide range of life skills needed to succeed and be happy
in life.

Appendix

In total, 16 questions were asked to determine the impact of the synchronous and
asynchronous learning approach adopted across the two countries.

Link to a summary of the Botswana Form results:
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https://forms.office.com/Pages/AnalysisPage.aspx?AnalyzerToken=EfcufwNgV7MG
hjMvGkviQrk3e8VhLxId&id=2p8utZEGhUW9_FzK4c4YkFaJ03LGP6ZBrYNiW
0S9TlRUNjJHQVQ0WE5UUENNM0FPMTczTFNDRTg3Qi4u.

Link to a summary of the UK Form results:
https://forms.office.com/Pages/AnalysisPage.aspx?AnalyzerToken=6NR4dLdxkrtA
MF1xK3DrTS1RqmwELW7P&id=2p8utZEGhUW9_FzK4c4YkFaJ03LGP6ZBrY
NiW0S9TlRUNVBNV1AyR001V0NXU0YxWEE0WFBGOVBOMC4u.
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Abstract. Color Vision Deficiency (CVD) is a common visual impairment.
Research shows that CVD affects studying and life by facing difficulties in color
distinction. However, it often relies on people having CVD to self-adjust or find
alternative tools when resolving the problem or providing general color distin-
guishing supportwithout considering the need for reading and learning in a specific
subject. Therefore, this research dives into using augmented reality(AR), particu-
larly its synchronous integration feature, to develop color vision support in science
learning and design a system to support CVD students in high school chemistry
reading. This research first reviewed existing technological approaches to support
color vision, and the national curriculum of chemistry in secondary education.
An exemplary lesson plan with the selected topic of the universal indicator was
developed accordingly to test the AR color vision support with a texture-based
approach. 8 high school students joined the user testing to assess the interface and
flow of the prototype.

Keywords: Color Vision Deficiency · Augmented Reality · Texture Support ·
Chemistry Learning · Secondary Education

1 Introduction

Color is important for scientific practices and learning. Color Vision Deficiency (CVD),
also known as color blindness or color weakness, is a common visual impairment that
refers to a congenital or acquired deficiency in recognizing color. According to the local
and global survey [1–3], although the degree and type vary, about 5%–8% of men and
0.8% of women around the world have color vision deficiency. However, their difficulty
and inaccessibility were often overlooked because they looked the same as ordinary
people and could often self-adjust, which may also be at the expense of their own needs,
such as sacrificing their choices of colors in daily life or making decisions based on other
cues instead of colors [4]. For example, they were unable to judge the ripeness of fruits,
having difficulty in identifying skin rashes or reading map information due to similar
colors. Some CVD patients were unable to drive due to the inability to tell traffic lights.
In several critical learning or reading activities that required color recognition, CVD
could significantly impact their learning competence and performance [5]. Students
were unable to identify red characters written on the board, and it could even affect their
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mental health and career choices [6]. Furthermore, the flourishing online learning with
screen technologies during the COVID-19 pandemic also posed significant challenges
to reading and learning for students with CVD [7].

CVD has not been included in special education needs in most countries around the
world, and a large body of previous research focused on instructional strategies such
as teachers’ awareness and instructional methods [6, 8, 9]. According to our survey of
the related literature in Taiwan, there is a lack of local related studies, and there are
even fewer educational studies investigating the learning of people with CVD. In the
absence of a comprehensive picture of learners with CVD, the solutions proposed in
previous studies were often scattered, such as studies focusing on classroom instruction
that neglected students’ self-learning after class. Despite the importance of the empirical
evidence from other countries, due to different educational systems in terms of regu-
lations, requirements, culture and norms, the applicability of foreign research findings
to local settings requires further investigation. On the other hand, among the various
subject area of learning, due to its subject attributes of conveying reality, science is one
of the most challenging for learners with CVD. Kvitle [9] reviewed the learning issues
of people with CVD to explore whether CVD should be considered as special education
need; her review suggested that most mentioned learning difficulties were found in the
subject area of art and science, especially when the colors of many natural materials
cannot be changed or replaced. In learning Chemistry, which relies heavily on color
information in determining and understanding the elements and reactions, it could be
difficult to complement the difference of color vision anomalies with other perceptions.
Therefore, auxiliary tools to assist people with CVD in recognizing and distinguishing
colors would be required to reduce learning difficulty [10].

Previous studies in assistive technology have suggested different approaches of color
aids, which could be categorized into three different types:

1. to remove specific color, related works such as Hasana and her colleagues [10] used
color filters to filter out the easily confusing color. Their techniques have been adopted
in a commercial product of EnChroma®.

2. to replace color, representative work like Tang et al. [11] developed augmented reality
glasses that recolored pictures and images by converting the red, green, and blue into
two-dimensional chromaticities.

3. use other visual cues instead of color, such as flashes [10] and textures [12], to help
people with CVD discriminate colors.

The purpose of these approaches is twofold: one is to facilitate color recognition so
that people with CVD can learn to distinguish color through comparison; the other is to
develop color cognition that enables color vision abnormal people to have a correct inter-
pretation of colors. However, the generalizability of these technologies and approaches
in actual learning contexts and applications remained under-investigated. Taking chem-
istry experiments as an example, approaches of color removal and color replacement
might create more difficulties and cognitive loads in these field-dependent tasks, which
require further empirical investigations.

On the other hand, with the advancement of ubiquitous computing, it is now possible
for computer interfaces to make possible casual use and provide information in small,
easily understood portions without intervening users. Augmented reality (AR) interface
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technologies, in specific, are therefore gaining attention in its possibility to combine the
aforementioned technologies to create direct, automatic, and actionable links between
the physical world and virtual information. ForAR provides a simple and immediate user
interface to an electronically enhanced physical world, it may enable sensory access to
the learning content by amplifying human perception and cognition throughmultiple and
coordinated sensory channels [13]. Previous study [14] developed an AR application for
chemistry education by usingmobileAR to createmetal structures andmolecularmodels
to visualize abstract concepts. Their findings suggested that the application was useful
for students’ acquisition of chemistry knowledge and skills. Tang et al. [11] designed
a head-mounted AR device for CVD users to separate confusing colors by recoloring
the viewed image in a timely manner. Rivera et al. [15] also adopted recoloring method
with mobile AR technologies, while Ponce et al. [16] developed a texture module to add
a layer of patterns to the viewed image in real-time.

However, while the empirical studies were still few, insufficient research attention
has been paid to full examination of user experiences and interaction with the AR tech-
nologies in action in real settings. In educational contexts, how AR could be educa-
tionally assistive to improve instructional and learning experiences will be critical to
be examined, especially when the advanced representations and expressions supported
by currently available AR technologies could reasonably create cognitive load simulta-
neously. Accordingly, this study intends to adopt AR interface technology to assist the
CVD learners’ intellectual access to chemistry learning materials.

2 Research Design

This study aims to develop an assistive tool for chemistry learning adapted from the
texture method with AR [16, 17], and conduct the empirical investigation with genuine
learning materials. A within-subject design was adopted, the participants were assigned
random tasks of color recognition with/without the AR tool. A usability test with sec-
ondary school students was conducted, and their interaction with the prototype, learning
performance, and subjective perception of the system was recorded and analyzed. Con-
sidering the common CVD types in Taiwan, this study recruited only Type C (normal),
Type P, and Type D participants. A total of 8 secondary school students, including 2
high school students and 6 junior high school students, joined the usability test. Two
subjects with CVD, both of whom were mildly Type D. All participants were given
a detailed description of the study, and their informed consent was obtained from the
subjects before the test.

2.1 Experiment Materials

Learning Materials. In reviewing the current curriculum of chemistry in secondary
education, it was found that the learning tasks of identifying natural colors were most
often seen in hands-on chemistry experiments across different editions of textbooks in
Taiwan [18]. According to the review, topics and lessons related to color recognition
included acid-base reactions and oxidation-reduction reactions in basic chemistry, the
relationship between gas volume and pressure in chemical equilibrium, and precipitation
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reactions. The experimental sections of these topics include the use of universal indi-
cators to determine PH values, acid-base titration, oxidation-reduction titration, colori-
metric determination of concentration, and the use of precipitates to determine unknown
solutions. The experiment of using universal indicators to determine acid-base value
was selected because it is common to all editions of textbooks as a fundamental and
important skill. Universal indicators, on the other hand, contain a variety of hues and a
rather wider color range, which could accommodate red (Type P) and green (Type D)
colorblindness of different levels.

The instruction of the experiment was designed as a learning sheet and distributed to
the participants. As shown in Fig. 1, the purpose, instruments, and steps of the experiment
were illustrated, and a quiz with 2 questions was given at the end of the learning sheet.
The three essential learning tasks in the experiment included a) preparation of reagents
for different pH values, b) using the reagents to build a color chart of universal indicators,
and c) determining the pH value of unknown solutions by referencing the color chart.

Fig. 1. The augmented feedback using the texture method adapted from ColorAdd [17]

TextureCoding System. This study is based on the ColorAdd texturemethod proposed
by Neiva et al. [17] to provide natural color recognition aids. The approach of texture
method is selected because the augmented texture information can be projected onto the
real-time image without detracting from the original color characteristics. The coding
rules are relatively simple and easy to understand to leverage learners’ cognitive loads.
However, we have adapted the original ColorAdd coding system to meet the needs of
color recognition in this study. The original texture coding system could only classify
colors into red, yellow, blue, orange, green, purple, and brown, in which brown was
actually the mixed color of the above six colors. It would not be applicable when the
colors of universal indicators are similar, such as colors between red and orange. In order
to expand the capacity of color recognition, we extended the original ColorAdd texture
codes to a composite pattern in groups of three, and the color gamut was subdivided
into 18 divisions (see Fig. 2) based on the complexity of the texture and the ability to
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distinguish the color. On the other hand, while the original ColorAdd used triangles
and diagonal lines to represent the RGB color model, in this study, the number and
proportion of patterns are further used to define the color. For example, the color of
orange on a yellow background is represented by a code of yellow wrapped around the
code of orange to suggest the color leans toward yellow but with some orange and vice
versa. In terms of the number of patterns, the difference between the color of orange
and yellow could be found in the added small triangle in the middle representing the red
color, which can be regarded as a yellow color with a trace of red.

Fig. 2. Original ColorAdd coding system (left) and the adapted coding system of this study (right)
(Color fgure online)

2.2 Experiment Apparatus and Procedures

A prototype of a smartphone app for Android OS is developed using Unity® with
PhotoCapture API. As shown in Fig. 3, the users are able to operate the built-in camera
of the smartphone to scan the universal indicators, and the system recognizes the color
and augments the texture information to the image of universal indicators on the screen.

In order to confirm the type of CVD, all subjects underwent Ishihara Color Dis-
crimination Test [19] in advance. The subjects were asked to read the introduction of the
experiment, and the texture coding rules (see Fig. 3), after which the participants used the
distributed cell phone and applications to interact with the prototype system. The whole
process was recorded, and the participants were invited to think aloud and express their
thoughts and opinions about the AR tool in each chemical experiment process. Lastly,
in the quiz session, the participants were asked to compare the color chart with the color
of the test indicators of the four unknown solutions to determine the PH value. Their
accuracy and speed of making decisions were recorded for analysis.

The procedures and tasks are summarized as follows:

a) A real-time imageof the reagent preparation is recorded as a tutorial video to introduce
the idea of acid-base reaction, as shown in Fig. 4(a).

b) Participants use the built-in camera of the smartphone to capture the target image by
placing it in the center of the camera field, as shown in Fig. 4(b).
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Fig. 3. The augmented feedback using the texture method adapted from ColorAdd [17]

c) The application work to recognize the color (saturation and brightness) and overlay
the virtual information of texture on the real-time image of universal indicator, as
shown in Fig. 4(c).

d) The overlaid results would not disappear until the users clicked the X button to close
it. So that the users were granted sufficient time to observe the indicator and the
texture information, and also made judgments with reference to the learning sheet.

Fig. 4. Experiment Procedure. (a) Tutorial video (b) Scan the target image (c) Augmented result

3 Preliminary Results and Discussion

The results of the usability test suggested that all subjects were able to complete the
color recognition task smoothly with the aid of our system, confirming that the features
and flows of our AR tool meet the users’ expectations. As shown in Table 1, averagely
all subjects had a high accuracy rate in color recognition for test indicators with pH
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values between 2 to 7 (testers A, B, C). The average accuracy rate was 75% without AR
color aid, and increased to 83% with using AR color aid. For the test indicator with pH
10 (tester D), the accuracy rate dropped significantly with or without AR. It could be
possibly affected by the capacity of universal indicators, the color change became small
above pH 11 as shown in Fig. 4(a), so the participants had difficulty distinguishing the
color by referring to the tutorial. Three subjects also emphasized in the interview that
they had difficulty distinguishing the colors of testers with pH values of 10 and above.
However, the average accuracy rate of the subjects with AR assistance (25%) was higher
than those without AR tool (0%), suggesting the augmented texture information is still
helpful in assisting learners in recognizing colors.

Table 1. Experiment Procedure. (a) Tutorial video (b) Scan the target image (c) Augmented result

Indicator A A* B B* C C* D D*

pH 4 7 2 10

Color Yellow-Orange Green Orange-Red Blue

Accuracy 75% 100% 50% 75% 75% 100% 0% 25%

Speed

Max (sec) 7.53 10.59 9.78 8.82 14.07 11.57 12.4 10.78

Min (sec) 4.56 3.72 4.17 6.22 2.95 4.26 4.66 7.63

Average (sec) 5.975 6.28 7.0675 7.68 7.78 7.03 9.05 8.725

Note: * testers with augmented texture information

All participants agreed in the interview that the augmented texture information was
useful for color recognition, especially for differentiating similar colors. Some of them,
including one participant with CVD (J4), reflected on the difficulty of memorizing the
textural coding rules initially. They had to look up the learning sheet repeatedly to judge
the color. But the participants agreed that they could make judgments quicker once they
became familiar with the coding rules (participants H1 and J4). However, based on the
speed of color judgment, it is clear that even though the subjects had to look up the
texture coding rules, their judgment time was not significantly slower than their direct
judgment of the indicators’ color. Considering the accuracy rate and speed together, it
was found that the AR tool helped the subjects achieve a higher accuracy rate in the
same color recognition task with a similar speed of judgment. The preliminary results
confirmed that augmenting the texture information synchronously throughAR enhanced
students’ effectiveness in color recognition in chemistry experiments.

Almost all the participants (87.5%) affirmed the designated AR tool of this study to
provide color aids by mobile AR, as the natural colors of the images in the physical envi-
ronment were preserved and presented simultaneously with the virtually added textural
information. The proposed system satisfied the learners’ needs in chemistry experiments
and chemistry learning to emphasize natural colors and provided practical and effective
aids in the interpretation of similar colors. A high school student (participant H2) men-
tioned that he missed the opportunity to win in the science fair because he could not
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judge the color of his homemade reagent. Participants H1, J4 and J6 shared that they had
to ask their teachers or classmates repeatedly to solve the color recognition problems in
their previous chemistry experiment classes. They all thought the AR tool developed by
this study could be a promising solution to their learning problems.

4 Conclusion

This study reported our design and development of anAR tool to facilitate CVD learners’
color recognition in chemistry learning by augmenting the textural information onto real-
world objects synchronously and comprehensively. The approach of the texture method
that does not disrupt original color information was adopted to develop the prototype
system with reference to the ColorAdd texture system composed of simple geometric
shapes to leverage users’ cognitive loads. The prototype system was empirically tested
in genuine chemistry experimental learning contexts with the current local secondary
school curriculum. The results of this study support that the proposedAR tool is effective
in helping the participants to achieve a higher accuracy rate of color recognition in a
limited period of time, aswell as in helping the subjects to recognize differences in similar
colors while preserving the natural colors. Nevertheless, participants’ perceived loads in
understanding and memorizing the textural system are worthy of design attention, and
memory aids on the screenmight be considered in our future design. The implementation
of the current study was affected by the COVID-19 pandemic, so the sample size was
limited.User experiments on a larger scalewithmoreCVDparticipantswould be planned
based on the preliminary findings in the future.
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Abstract. Affected by the coronavirus (COVID-19) pandemic, Taiwan has been
at alert level 3. Schools at all levels and kindergartens have closed and switched
to distance learning. While many kinds of free online video software are currently
available, they aremostly designed for corporatemeetings, with far less considera-
tion given to learning environments and fields. Therefore, this study aims to design
distance learning interfaces, regarding the task as the focus of online video software
development. User experiences are examined to understand teacher-student inter-
actions in the distance learning context. Furthermore, users’ needs are suggested,
with various distance learning activities provided and assisted. The research pur-
poses include the following: 1) to explore the interface design elements of video
software for primary school students involved in distance learning, 2) to grasp the
interactions between primary school teachers and students employing video soft-
ware for distance learning, 3) to propose the triggers of distance learning through
user experiences, and 4) to put forward the environmental requirements of inter-
faces suitable for distance learning. The researchmethodology is divided into three
stages. In the first stage, three sets of commonly-used free online video software
are analyzed and compared to identify their functions and interfaces. In the second
stage, participant observation is followed to recognize the interactions between
primary school teachers and students engaged in distance learning, and triggers are
proposed as interview topics in the next stage. In the third stage, through participa-
tory interviews, primary school teachers are requested to describe the problems in
class concerned with the triggers. The findings are as follows. 1) Students scram-
ble to answer questions, which produces mutual interference and unclear hearing.
2) Changing the background and chat function of video software will distract stu-
dents. 3) Increasing teacher-student interactions and reducing the distraction of
students’ attention can help to improve the quality of course-teaching. 4) Teachers
and parents are worried that too much class time will worsen students’ myopia. 5)
The video software available now is more suitable for online meetings, with much
less video software designed for distance learning. The findings can be provided
as a reference for software interface design and development.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
P.-L. P. Rau (Ed.): HCII 2023, LNCS 14024, pp. 241–254, 2023.
https://doi.org/10.1007/978-3-031-35946-0_20

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35946-0_20&domain=pdf
https://doi.org/10.1007/978-3-031-35946-0_20


242 H. Lin et al.

Keywords: video software · interface design · user interface · digital learning ·
online learning

1 Introduction

1.1 Research Background

Impacted by the coronavirus (COVID-19) pandemic, many universities or colleges
around the world were forced to close, with academic activities suspended or postponed.
Teaching, research, examinations, international conferences, etc. were severely affected.
Some students together with faculty members suffered from infection and even death
in the worst case, which shows the plight of the global higher education system and the
restricted flow in educational environments [1]. Taiwan was facing difficult challenges
in the meantime, being at COVID-19 alert level 3. Schools at all levels and kindergartens
closed and changed to distance learning. After-school care centers for children, cram
schools, and other educational institutions also suspended classes simultaneously. All
teachers and students had to adapt to this sudden wave of full-scale distance teaching. To
reduce the risk of disease clusters, all schools and kindergartens on the island resorted
to distance teaching. Thus, students could learn at home, and distance learning has been
officially recognized as a mode of education [2].

1.2 Research Purposes

Plagued by this acute coronavirus pandemic, schools around the island have switched
to distance teaching instead of physical teaching. Although there are many sorts of free
online video software on the market, their main targets are corporate meetings, with
learning environments and fields rarely taken into consideration. Therefore, improper
operation of interfaces often affects the quality of course-teaching negatively. Despite
many brands of online video softwarewith different versions, no development and design
of interfaces is directed at user experiences in online learning software. Surely, the poor
usability of interfaces will slow down distance learning, waste teaching time, dam-
age teaching quality, and reduce students’ learning performance. In addition, people’s
learning methods have shifted because of the pandemic. Electronic or digital learning
has changed from informal learning to a part of formal learning [3]. With the popular-
ity of mobile devices as well as the continuous updating and development of mobile
technology, mobile learning is gradually introduced as a form of education [4].

In the post-pandemic era, distance learning is sure to become one of the normal teach-
ing modes. Consequently, this study takes the interface design of distance learning as the
core of online video software development. Through user experiences, the author seeks
to understand teacher-student interactions in distance learning environments, present the
needs of users, and provide as well as assist various distance learning activities. It is the
main focus of this study that students can improve their learning quality effectively by
means of distance learning.

This study mainly analyses and discusses user experiences in video software applied
to distance learning, with its purposes summarized as follows: 1) to explore the interface
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design elements of video software for primary school students in distance learning envi-
ronments, 2) to understand how primary school teachers and students interact with one
another while employing video software for distance learning, 3) to propose the triggers
of distance learning based on user experiences, and 4) to put forward the environmental
requirements of distance learning interfaces.

2 Literature Review

2.1 Distance Learning

With mobile devices affordable and the Internet increasingly popular, almost all college
students in developed countries have a certain kind of mobile device [4]. Mobile devices
include mobile phones, smartphones, tablet computers, wearable devices, etc. [5], and
low-priced computers can be popularized in rural areas to improve local education [6].
As one of the learning modes at present, digital learning is divided into e-learning, web-
based learning, online learning, mobile learning [7], and distance learning [8–10], with
their own categories and definitions. In recent years, with the Internet developing rapidly,
it has been gradually recognized to employmobile devices as multi-functional tools both
inside and outside the classroom [11]. Most schools adopt the learning mode mainly
depending on classroom teaching, which is set according to the public’s needs. Such
a mode does not provide students with individualized learning plans or arrangements.
Nevertheless, some scholars encourage students to try learning styles more diversified
and personalized [7].

During the coronavirus pandemic, schools changed physical teaching to distance
learning to combat the spread of the epidemic. Distance learningmeans that teachers and
learners follow synchronous or asynchronous teaching methods to transmit educational
courses to remote ends at the same time and different places or at different times and
places. Online learning, video conferencing, online interaction, etc. are mainly used for
that purpose [12, 13]. However, distance learning does not exclude the application of
traditional classroom teaching. Actually, the definition of distance learning is broader
than that of digital learning [14]. Being an emerging field, online learning is a growing
trend from the perspective of distance learning.With the popularity of the Internet, online
learning becomes more widespread [14, 15]. The most convenient way to learn online
is to make use of apps on smartphones. Moreover, digital learning is not limited by time
or space; as a result, it has become the best choice for most people eager for on-the-job
training. Mobile equipment can be used for learning at any time and place [7].

For the higher education system, online teaching requires teachers to have innovative
teaching modes and interests [12, 13]. The biggest difference between distance learning
and other kinds of digital learning is that the latter lack purposeful teacher-student
interactions. In recent years,many scholars have conducted researchondistance learning.
According to a survey of college students, the vast majority of them hold a positive
attitude towards mobile learning, with 70% of them regarding mobile learning as highly
convenient [7]. For students studying Italian in Australia, their teacher sends out the
information they need to learn in the form of text messages. After receiving the text
messages, they can learn independently in accordance with their personal preferences.
Personalized learning enhances learners’ interests and performances [16]. Students take



244 H. Lin et al.

much delight in exchanging and sharing real-time information through the popularity of
the Internet andmobile devices.Mobile learning has brought great convenience, but there
are some problems; namely, the abundance of information will divert learners’ attention
[7].Additionally, it is difficult for students tomaintain strong interests in learningwithout
a teacher nearby [17]. According to Elaish et al., the problems associated with mobile
English learning include poor motivation, learners’ lack of concentration, absence of
scientific theory in language apps, time needed to adapt to new learning styles, shortage
of teacher-student interactions, and issues related to high costs [18].

2.2 Principles of User Interface Design

Users and computers or products need tomaintain an interactive relationship satisfactory
enough through interfaces. Poor interface designwill not only increase users’mental load
and operational pressure but also hinder the transmission of information, causing users’
negative emotions in severe cases [19, 20]. Usability originated from human-computer
interaction (HCI) [21]. Besides exploring the problems that users encounter while oper-
ating a device, usability experts focus on improving product design to meet users’ actual
needs. Being a design concept composed of multiple elements, usability serves as an
indicator used to evaluate the effect of interaction between users andwebsites, interfaces,
or apps. The usability of a system should include five indicators, i.e., learnability, effi-
ciency, memorability, error, and satisfaction [22]. A design concept embracing usability
makes the interface design more concise and definite, thereby elevating users’ satisfac-
tion levels. Thus, users are willing to spend more time on the interface [23]. In addition,
when learners use smartphones to study, their attention will be distracted, with poor
performance acquired [24]. In order to improve learners’ performance and the efficiency
of interaction between users and smartphones, it is necessary to follow the principles
of user interface design [23]. Evaluating the interactions between humans and products
through usability helps contribute to software development.

2.3 User Experience

User experience is one of the factors that determine whether digital technology can be
popularized and applied, regardless of physical or virtual products; besides, its domain
incorporates interactive devices, robots, social media, virtual reality (VR), augmented
reality (AR), Internet of Things (IoT), etc. Technological development is inseparable
from user experience (UX) [25]. User experience is a concept and method of prod-
uct development that first appeared in the field of computer design, especially directed
towards the relationship between functionality and usability [26]. In addition, user expe-
rience is the design concept extended from the user-centered idea, including such factors
as product functions, usability, information content, and subjective satisfaction levels.
These factors are interrelated to form user experience and affect how the user feels when
operating a product [20]. There are many factors that affect user experience, including
the user (his/her user experience, emotional response, ability, expected results, etc.), the
product itself (its size, texture, appearance, etc.), usage context, culture and social factors
[27–29].
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A good design of a distance learning interface should not focus solely on the aesthetic
or visual effect of the layout, nor should it center merely on the color, font, picture, or
design of the layout. In this study, the evaluation of a distance learning interface is not
exclusively based on its visual presentation, but the essence of its designmust be explored
to solve problems and achieve an interactive learning experience good enough. When
distance learning is conducted, there are twousers; namely, one is the teacherwho teaches
the learning content and the other is the student who is taught to learn. Furthermore, a
good set of distance learning software is not only suitable for passive learning but also
provides satisfactory interaction and experience. Completing a distance learning activity
involves the usage procedures, so the design concept should bemore complete tomeet the
needs of both teachers and students. However, in the current research on evaluating the
usability of distance learning,most scholarsmainly concentrate on learning performance
without exploring the transmitted content or operation of the interface. Therefore, this
study will probe the user experience in the distance learning software interface.

3 Methodology

To realize what happens in the process of distance learning, this study explores the oper-
ational relationship between the teaching and learning ends which use the video software
interface. The research methodology is divided into three stages. In the first stage, the
task is to provide an objective and comparative basis as well as theoretical framework
founded on user experiences so that evaluating and analyzing the relevant literature can
be carried out. Then, through the content analysis method, the operational functions
and interfaces of the video software are investigated. After that, three commonly-used
sets of free online video software are selected and operated, with their functions and
interfaces analyzed and compared. In the second stage, based on usability theory and
user experiences, participant observation is adopted to grasp the interactions between
primary school teachers and students involved in distance learning. Meanwhile, the trig-
gers are proposed as the interview topics in the next stage. In the third stage, through
participatory interviews with primary school teachers, the actual happenings in class
are identified, and the impact of distance learning on teaching is explored. The findings
are organized, discussed, and presented as a reference for distance learning, learning
interface environment, and software interface development.

3.1 Analyzing Operational Functions and Interfaces of Video Software

In this study, three sets of free online video software commonly used at present are sorted
by English initials, i.e., Google Meet, Microsoft Teams, and Webex, with their opera-
tional functions and interfaces analyzed. The research steps are as follows: a) analyzing
the functions of three sets of video software according to their operational sequence in
distance learning, b) inviting three experts to classify the operational functions of video
software through focus groups, c) finding the operational functions of the video software
to be joining meeting, administration, discussion, information, and interaction, and d)
creating a table showing the operational functions and interfaces of the video software,
as shown in Table 1.



246 H. Lin et al.

3.2 Observation of User Experience

Through participant observation, this study seeks to understand the actual situation
and problems of teachers and students involved in distance learning. As participant
observation is conducted in natural settings, researchers can collect rich and dynamic
data [30]. Being an unstructured methodology, participant observation is a special form
of fieldwork. The researcher participates in the events of the researched and becomes a
participant [31]. In this qualitative observationmethodology, the researcher, throughfield
observation or direct observation, establishes andmaintains amultifaceted and long-term
relationship with the researched group in order to gain a scientific understanding of the
group [32]. Therefore, before observing online courses in this study, the author explained
the purposes and contents of the experiment to the participants, with the consent of
teachers, parents and students obtained. After being connected to the teachers’ classes,
the author observed and videoed the actual happenings of teachers and students engaged
in distance learning. The steps of observation are as follows: 1) to observe and video
the happenings of distance learning as well as to compile and record the triggers of
online teaching, 2) to convert triggers into problems and collect them, and 3) to use the
observed results as the basis for interviewing the teachers about their experiences in the
next stage.

Participants. The observed subjects engaged in distance learning are primary school
teachers and students. In this study, three participants are primary school teachers, all of
whom are female. Each teacher has more than fifteen years of experience in teaching.
There are thirty-five fourth-grade students (seventeen boys and eighteen girls) partici-
pating in the experiment. The basic information of the participating teachers is shown
in Table 2. In the next stage, three teachers will be interviewed further, with the students
excluded.

Triggers. At this stage, three courses, i.e., Chinese, natural sciences, and English were
taught online. What happened throughout the sessions was observed and videoed, and
the triggers encountered by the three teachers during distance teaching were sorted out.
Thereafter, the triggers were converted into eight problems, as shown in Table 3.

3.3 Participatory Interview

In the previous stage, the triggers gained through participant observation were converted
into problems, which were used as the interview topics in the participatory interview
subsequently. After the interviewee watched the video concerned with a trigger, she was
asked to describe the situation of teaching at that time. The intensive interview in par-
ticipant observation is a semi-structured method [30], by which the interviewer obtains
analyzable materials from the rich data provided by the interviewee as well as under-
stands the interviewee’s thoughts or opinions on a trigger. Meanwhile, the interviewee’s
user experience in the form of feedback is respected [31]. Through the participatory
interview, the participants’ opinions on the research can be understood and collected
more completely, becoming the basis for subsequent analysis and exploration.
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Table 1. Operational functions and interfaces of video software

Function Operational Step Google Meet Microsoft
Teams

Webex

Joining meeting Online software ● ● ●

Moderator’s account login ● ● ●

Attendee’s account login ● ● ●

Ways of
invitation to
meeting

Internet
connection

● ● ●

Meeting code ● – ●

By email ● ● ●

After creating a
meeting,
moderator can
directly make
targeted
attendees join it

Together with
Google Class

● ●

Immediate meeting ● ● ●

Scheduled meeting ● ● ●

Supporting mobile device ● ● ●

Administration Moderator’s permission to join
meeting

● ● ●

Moderator’s right to switch
on/off microphone

● ● ●

Meeting goes on after moderator
is offline

● ● ●

Videoing Payable ● ●

Discussion Sharing image ● ● ●

Whiteboard Jamboard to be
installed

● ●

Group discussion Payable Payable ●

Remote control – ● ●

Emoji – ● ●

Hand-raising ● ● ●

Instant subtitle – ● –

Information Show/hide people ● ● ●

Show/hide chat area ● ● ●

(continued)
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Table 1. (continued)

Function Operational Step Google Meet Microsoft
Teams

Webex

Attendee list ● ● ●

Interaction Switch on/off webcam ● ● ●

Switch on/off microphone ● ● ●

Virtual background ● ● ●

Table 2. Interviewees’ basic information

Teacher Course Years of service Age Gender

Teacher A English 15 37 Female

Teacher B Natural sciences 30 53 Female

Teacher C Chinese 19 41 Female

The steps of the participatory interview are as follows. The intervieweewas requested
to think back after watching the video associated with the trigger, providing explana-
tions about using video software for distance teaching. After the interview, its verbatim
transcript was typed out, and its content was analyzed through inductive analysis to infer
the functional requirements and reasons for the online learning software on the teaching
and learning ends.

4 Results

After eight triggers were obtained through participant observation, the three teach-
ers were asked to participate in the participatory interviews about the triggers they
encountered. The interview results are set forth below:

Trigger 1: After the Fixed Course is Set for the First Session, the Teacher Need Not
Reset It and Confirm the Students’ Identities in Later Sessions. Through participant
observation, it was found that Google Meet, Microsoft Teams, andWebex all offer three
ways of invitation, i.e., Internet connection, meeting code, and email. As for meeting
code, Microsoft Teams and Webex demand users to create a course or group first while
Google Meet does not. In terms of joining meeting, Google Meet is comparatively
unsuitable for course-teaching. The main reason is that the student group taking up a
general course is composed of fixed members. As for Microsoft Teams and Webex,
the teacher needs to create a course as well as name it in the first session and then
to permit the students to log onto the course. Thereafter, the teacher need not manage
or review the students’ identities and qualifications in later sessions. To log onto a
certain course, the teacher or student just needs to open the previously-set one. In other
words, it is not necessary for the teacher to start the meeting first. Microsoft Teams and
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Table 3. Summary of triggers

Teacher who encountered a trigger Explanation of the trigger

Teacher A
Teacher B
Teacher C

After the fixed course is set for the first session, the
teacher need not reset it and confirm the students’
identities in later sessions

Teacher A
Teacher B
Teacher C

The teacher worries about network instability or delay,
which will cause poor course-teaching quality

Teacher A
Teacher B
Teacher C

Just before a session, the teacher first confirms that the
students have logged in. If a student is not online, the
teacher needs to notify his/her parent through LINE
communication apps

Teacher A
Teacher C

The students scramble to answer a question. Speaking at
the same time, they interfere with one another and can’t
hear clearly. It is impossible to know which of them is
speaking. The teacher needs to stop all students from
speaking before asking the question again

Teacher A
Teacher B
Teacher C

The student should avoid staring at the screen for too long

Teacher A Some functions of the online software distract students.
For instance, they change the dynamic background and
type messages, so they cannot concentrate on the session

Teacher B Distance learning makes a student who doesn’t speak
often keep silent online. If the teacher asks the student a
question, he/she refuses to answer or goes offline directly

Teacher C When a long-distance final exam is held, to prevent
students from cheating is difficult

Webex are more suitable for fixed courses; by contrast, Google Meet is more suitable
for temporary meetings, meetings with unfixed members, or discussions. To log onto a
meeting on Google Meet, users only need to have the URL of the meeting. After the
teacher confirms the students’ identities, the students can join the meeting, but the URL
of the meeting cannot be preserved. If students want a fixed course, the software needs
to be set in conjunction with Google Class. Otherwise, every time students want to log
onto a scheduled course, the teacher needs to open a meeting and to permit the students
to do so.

Trigger 2: The Teacher Worries About Network Instability and Delay, Which Will
Cause Poor Course-Teaching Quality. In the process of distance teaching, students’
instant feedback is very important. If the teacher keeps teaching without interacting with
students, he/she cannot immediately ascertainwhether the network is unstable or delayed
and whether the students grasp the taught content. As a result, the teaching quality is not
satisfying, and students cannot understand the course content effectively. Therefore, the
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teacher should often ask questions about the course content to know whether students
understand it. In this way, the teacher can ensure that the internet connection is normal
and students are concentrating on the course.

Trigger 3: Just Before a Session, the Teacher First Confirms That the Students Have
Logged In. If a Student is Not Online, the Teacher Needs to Notify His/Her Parent
Through LINE Communication Apps. Through participant observation, it was found
that when employing distance teaching, the teacher must first create a LINE group for
students’ parents. If there is an urgent message, the teacher can directly leave it along
with its explanations by means of the group. Before starting online teaching, the teacher
must first ensure that students can log in and use hardware smoothly. For example, does
the computer work well or is the network speed stable? In the beginning, students may
feel distance teaching to be different from physical teaching, but after a few classes, they
will become adapted to the software interface. Whenever teaching a class, the teacher
must confirm that all the students have logged in. If a student is not online, a message
is sent to the student’s parent through the LINE group. Thus, it is convenient to grasp
the status of students. In addition, students who do not belong to the class occasionally
log onto the course, and the teacher needs to deal with it immediately, restart the course,
and send the new URL of the course through LINE.

Trigger 4: The Students Scramble to Answer a Question. Speaking at the Same
Time, They Interfere with One Another and Can’t Hear Clearly. It is Impossible
to Judge Which of Them is Speaking. The Teacher Needs to Stop All Students From
Speaking Before Asking the Question Again. In terms of online “classroom” order
management, the most important thing is that the moderator should have the right to
switch on/off a microphone. In the distance learning environment, students are often
required to answer a question, and they frequently scramble to answer it. In such a
case, the teacher can designate a particular student to answer. Alternatively, the teacher
can ask the students to press the hand-raising button. There is a big difference between
physical and online classes in terms of interaction. At first, not getting used to pressing
the hand-raising button, students in the online class answer directly. As the students’
microphones are constantly on and many students answer at the same time, the teacher
cannot know which of them is speaking. With a number of voices resounding, the online
class is plunged into chaos and does not go smoothly. At this point, the teacher can
exercise the right to turn off the microphones of all students before restarting to teach.
In addition, students in the online class often forget to turn off the microphone and need
to be reminded of that. Likewise, the teacher often forgets turning off the microphones,
and students have to remind the teacher that the microphones are off.

Trigger 5: The Student Should Avoid Staring At the Screen for Too Long. When
the school implements distance teaching, it will notice that looking at the screen for long
is not good for students’ eyes or may lead to myopia, especially for developing children.
This is also a matter of great concern for parents. Consequently, an online session lasts
tenminutes less than the physical one and students take a break lasting tenminutes more.
Namely, the distance learning session takes 30 min and the break takes 20 min so that
students may not stare at the screen all the time. But the effect of this approach may not
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be very good. The main reason is that during the break, students ignore the teacher’s
advice and keep staying online until the next class if parents do not supervise nearby.

Trigger 6: Some Functions of the Online Software Distract Students. Students
Change the Dynamic Background and Type Messages, so They Cannot Concen-
trate on the Session. In this study, the targets of distance teaching are primary school
students. Whether students can concentrate on the session has always been a central
part of the teacher’s concern. In the distance learning environment, the teacher cannot
know whether the participants are listening attentively. For instance, students open other
web pages unrelated to the course at the same time or when the microphone and camera
are turned off, students do something irrelevant to the course. In addition, the virtual
background embedded in “interaction” of online software distracts both teachers and stu-
dents. In the worst case, if a student changes to an exaggerated background, especially a
dynamic background, the teacher and students unconsciously watch it and get distracted.
Therefore, the teacher should demand the students not to change backgrounds.

Also, the chat area is prone to distract students. When the teacher is lecturing in
class, some of the students send texts unrelated to the course concurrently. The other
students find it very interesting to spot the texts or symbols in the chat area. Then, more
and more students start to leave messages, which leads to distraction of attention during
online teaching. Therefore, only with the teacher’s permission can the students discuss
the course content in the chat area. Generally, the teacher prohibits students from leaving
messages in the chat area during class.

Trigger 7: Distance Learning Makes a Student Who Doesn’t Speak Often Keep
Silent Online. If the Teacher Asks the Student a Question, He/She Refuses to Answer
or Goes Offline Directly. When the teacher asks his/her students to answer questions
or wants to know whether the students have handed in their homework, those students
who do not speak often refuse to answer. The teacher cannot instantly judge whether it
is a network problem or a device problem. Because the class is not taught in a physical
place, the teacher cannot understand the students’ emotions. It is fairly difficult for the
teacher to grasp the progress of the students’ homework; besides, he/she cannot counsel
or comfort the students. Therefore, in addition to reminding the students to hand in their
homework, the teacher has to inform their parents through LINE of the students’ missed
homework. That will make it possible for the students to really grasp the homework
status and avoid unfinished homework that will affect their grades.

Trigger 8: When a Long-Distance Final Exam is Held, to Prevent Students From
Cheating is Difficult. Midterm exams and final exams are more troublesome. It is
difficult for the current video software to solve this problem. Because the exams are
held online, the teacher can only catch a partial picture through a small window on
the screen, being unable to capture the actual situation of all the students answering the
exam questions. Specifically, during the exam, the teacher hasmuch difficulty preventing
students from finding answers on the Internet, students flip through textbooks, and some
other people tell answers to the students. Therefore, during the long-distance exam, the
webcam and mac must be turned on and the examinees must not speak. As soon as the
exam is completed, the student must notify the teacher. Then, the teacher should confirm
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that the student has finished answering the questions lest the latter go offline without
uploading the answers and get no exam scores.

5 Discussion

Through participant observation and participatory interview, this study seeks to under-
stand user experiences in distance teaching aided by video software. The triggers are
obtained from the above observation, and the problems concerning user experiences are
effectively clarified; in consequence, users can respond in a more focused manner.

The study finds that the biggest difference between distance teaching and physi-
cal teaching lies in the fact that the latter provides effective interactions. Enhancing
the efficiency of interaction among users improves the learning performance of online
learners [23]. The teacher can see the eyes and body movements of the students through
physical teaching, which can enhance the interaction and atmosphere of the class effec-
tively. Face-to-face communicationmakes it possible to understand the current speaker’s
emotions and ideas, to feel everyone’s emotions, atmosphere and thoughts, and even to
produce something amazing. In a physical class, the teacher can see the expressions and
environments of students. In contrast, in a distance learning context, only the faces in
front of the camera can be seen, the surrounding environment of students is invisible, and
the teacher cannot judge the conditions of students. This study suggests that a twin-lens
camera can be installed during distance teaching, with one lens showing the student’s
face and the other displaying the upper body and surrounding environment. If so, the
teacher can observe the students’ expressions and body movements more closely, which
is beneficial to teacher-student interactions. Additionally, the teacher can obtain more
information to realize whether students are really attentive.

According to Chen and Yan, when learners use smartphones for learning, their per-
formance is not very satisfactory. The main reason is that attention will be distracted
by the stimulation of multiple tasks. When receiving multiple pieces of information,
the person will fall into a situation where attention does not pick up full information.
Moreover, the individual only processes one information stimulus at a time, and some
other information will be lost during the rapid information transmission [24]. This study
finds that changing the dynamic background will distract users’ attention and affect the
course quality negatively. It is suggested that teachers should have the right to turn off
the above-mentioned function. Also, it is suggested that an upload mode can be added
to the chat room. Students can upload their answers after answering at home, and the
pictures of all students answering the question will be displayed simultaneously. Such
a measure facilitates it for teachers to know whether students clearly understand the
course content, which is favorable to class interaction and teaching quality.

Getting used to distance learning is closely related to familiarity with the video
software interface. Distance learning for primary school students is different from what
college students need. At first, primary school students need to be accompanied by their
parents to become familiar with the way to operate the video software. Besides, it is very
important to make good use of communication software, which is beneficial to distance
learning. In addition, most online students are used to talking without switching on
the microphone, or some online students may stay in a noisy environment. Students
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are not conscious that their surrounding noise will be transmitted to the online course
setting and interfere with other students’ listening. Solving unwelcome noise effectively
is an important issue in distance learning. Finally, when conducting distance teaching
in primary schools, teachers as well as parents should care about the session time lest
students should become short-sighted.

6 Conclusion

The challenge facing distance learning is not only the change of teaching modes but
also the improvement of both software and hardware interfaces. This study focuses on
distance learning employed by primary school teachers and students, seeks to understand
their interactions, and explores the interface design as well as interface requirements. As
shown in the findings, teachers attach great importance to the course-learning quality.
Both increasing teacher-student interactions and reducing the distraction of students’
attention help to improve the course quality. During distance teaching, it is very common
for students to scramble to answer a question, which creates mutual interference and
unclear hearing, damaging the quality of course-teaching. Changing the background and
chat area on the video software distracts students’ attention, thus affecting the course
quality negatively. Teachers and parents worry that the long session in distance learning
hurts students’ eyesight. The current video software is more suitable for onlinemeetings,
with only a little video software designed for distance learning. The findings may serve
as a reference for interface designers and software developers.
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Abstract. This study investigated how readers interacted with different visual
elements of AR books and examined specifically the function of pictorial rep-
resentations of scientific illustration and photography in scientific reading. Four
visual elements, namely the original Latin texts, original botanical illustration,
augmented Chinese translation, and augmented color photograph, were arranged
in four different layouts. The valid eye movement data from 29 college students
in reading botanical floras were analyzed. The participants were assigned into 4
groups to read the AR book with different layouts. Descriptive results of partic-
ipants’ reading behaviors regarding their gazes associated with the position and
distance of the visual elements were reported and discussed. The preliminary find-
ings of the study supported that color photography was a complementary aid to
participants’ reading of botanical illustrations.

Keywords: Scientific Illustration · Photography · Eye movement · Scientific
Reading

1 Introduction

Pictorial representations such as diagrams, shapes, illustrations, and photographs are
helpful in assisting reading by organizing readers’ thinking while associating the words
with the image [1]. Specifically, in scientific reading, visual inputs initiate the recognition
and comprehension of domain-specific terminology and concepts [2–4], and pictorial
representations with different graphic characteristics are proven to significantly affect
readers’ initiation and comprehension of scientific texts [5]. Taking the subject of botany
as a typical example, botanical illustration and photography are viewed as essential
references for systematic botany in terms of plant nomenclature and classification [6].
These visual representations have been carefully recorded as botanical illustration or
photography in publication forms like monographs, revisions or floras [7, 8], serving as
critical learning support in developing readers’ conceptual knowledge. While previous
studies have argued the roles of different types of botanical arts in systematics [9, 10], how
photography and illustration actually work and function in scientific reading, however,
requires further empirical investigation [3].
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On the other hand, a significant percentage of library collections have been digital-
ized with enhanced texts that enable readers of different levels or interests to interact
extensivelywith the resources through critical reading behaviors of searching, annotating
and cross-referencing [11]. To offer assistance to readers without sufficient prior knowl-
edge, previous endeavors have been conducted to provide library users with content
navigation aids [12], supplemental annotation and interpretation [13] using simulation
technologies of virtual and augmented reality [14, 15]. Featuring 3D virtual objects and
real-time interaction, AR technologies were adopted to visualize abstract concepts and
invisible scientific phenomena by placing a virtual animation, image, text, and video
on the real objects [16, 17]. In terms of the specific form of books, Grasset et al. [18]
classified AR books into three types according to the layout of the content and the impor-
tance of original content in the book: Basic version using only AR markers to access
virtual information, Multimedia side by side with virtual and real content display syn-
chronously but spatially separated, and Multimedia-integrated that integrate multiple
sources of information. The findings of their longitudinal studies [19] showed that read-
ers who interacted with the multimedia-integrated layout performed significantly better
than the other two types of layouts. But they have identified the research need to further
investigate readers’ detailed interaction with each visual element since the position and
the distance between the elements could have a direct impact on the sense of integration
[5, 19].

Motivated by the abovementioned issues and opportunities, the present study aims to
investigate how readers interact with different visual elements of AR books in detail and
to examine specifically the function of scientific illustration and photography in scientific
reading by analyzing readers’ eye movement with our previously developed machine
learning techniques [20]. As a serial work in our long-term development of an adaptive
reading system, the tracking results of readers’ cognitive processingwill contribute to the
instructional design of guiding learners’ attention and supporting learners with different
levels of reading skills.

2 Research Design

2.1 Methodology

A between-group quasi-experiment design was adopted to investigate the causal rela-
tionship and interaction effect among different arrangements of visual elements. 35
undergraduate and graduate students volunteered to join the experiment by reading the
designed AR book of medicinal herbs with their eye movements recorded by an unob-
trusive eye-tracker. 6 of them were excluded owing to failed eye-tracking data, and the
valid sample for analysis was 29 participants. The participants were randomly assigned
into 4 groups to read the AR book with different layouts. The participants were tested
individually in a single session lasting approximately 40 min. The participants were first
administered the informed consent and an exemplary scientific passage for practice.After
the practice session, they were allowed as much time as needed to read the texts. When
the participants finished reading, they were asked to take the reading comprehension
test.
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2.2 Reading Materials

The reading materials were adapted from a rare book of the University Library’s spe-
cial collection entitled De virtutibus herbarum (The Nature of Herbs) [21], which is an
incunabulum published in the 15th century. The book introduced more than 200 medici-
nal herbs in medieval Europe with illustrations and Latin text. Based on the accessibility
of information and the level of difficulty, 7 herbs including daffodil, absinthe, acorus,
alkekengi, bugloss, marrubium and verbascum were selected as the basis of reading
materials for the experiment.

Two virtual pieces of information were augmented to the book: translated Chinese
texts to the original Latin texts and the color photograph that illustrates the traits and
habitats of the selected herb. Subjectmatter experts and linguistic professionals proofread
the translated passages of each medicinal herb to ensure the accuracy of the content. And
each translated passage was controlled to be in 100 Chinese characteristics to ensure the
quantity and difficulty of reading content are equivalent across different herbs.

The 4 visual elements, namely the original Latin texts, original botanical illustration,
augmented Chinese translation, and augmented color photograph, were then arranged
in four different layouts. Sample pages describing absinthe with the four layouts are
illustrated as Fig. 1.

Fig. 1. Combinations of the components and their arrangement for different layouts of the page
for absinthe as an example.

As shown in Table 1, to map the eye movement with the reading material, each page
of the reading materials was firstly partitioned into four rectangular sections denoted
by SUl, SUr, SLl, SLr , which occupied the upper-left, upper-right, lower-left, and lower-
right quarters of the page, respectively. The set of these four sections is denoted by
S = {SUl, SUr, SLl, SLr}. Each section was then assigned at most one of the four kinds
of visual components, including the original text in Latin, its translated text in Chinese,
the original illustration, and the color photograph.
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The gaze positions of the participants on the pages of the learning materials were
measured while the participants were reading through the learning materials by a com-
mercial eye movement tracker Tobii EyeX [22]. Reading materials are displayed on a
22-inch LCD screen at a resolution of 1920 × 1080. To be less restrictive, the partic-
ipants sit about 50–60 cm from the monitor in their preferred sitting postures, and no
chin rest is used. The sampling rate of the Tobii EyeX is 50 Hz, which was sufficient for
this study to collect the data samples of macro-saccadic eye movements per second.

Table 1. Layouts of the learning materials used for the experiment.

Layout SUl SUr SLl SLr

A X Illustration Chinese text Latin text

B X Illustration X Chinese text

C Photograph Illustration Chinse text Latin text

D X Photograph X Chinese text

3 Preliminary Results

3.1 Relation Between Gaze Positions and Page Components

Gaze data of each participant are obtained as the set of fixation points, each of which is
described by its 2D position on the page and the duration of fixation at the position. To
analyze how the position of the fixation point changes with the same interval of time,
the gaze position at each moment separated by the interval is calculated from the gaze
data. Let �t denote the interval and let gph(m) denote the gaze position of the participant
p(p ∈ P) at the m-th moment

(
m = 0, 1, . . . , Mp

h

)
for reading the page of herb h

(h ∈ H ), where P denotes the set of the participants and Mp
h does the number of the

moments included in the period of time spent for reading the page of h by p. The length
of this period is given by Mp

h �t. The set of the six kinds of herbs without daffodils is
denoted by H because the page describing daffodils is presented to the participant first
for their practice before studying with the learning materials. The set of all the gaze
positions of p for h is denoted by Gp

h = {
gph(m)

∣∣m = 0, 1, . . . , Mp
h

}
.

Given the gaze data described above, it was first analyzed how the gaze positions
taken by the participants at each moment for fixation and transition to reading through
each page are related to its layout. Temporal change in the gaze position of participants
p reading the page describing herb h during the period between m-th and (m + 1)-th
moments are characterized by the pair of gph(m) and gph(m + 1), which are the initial
and final gaze positions for the period. Thus, the four-dimensional vector, which is
constituted by the components of gph(m) and gph(m + 1), is employed to represent the
temporal change in the gaze position. This vector is named gaze change vector and
is denoted by γ

p
h(m). This vector represents fixation at gph(m) if gph(m) = gph(m + 1),

whereas it represents a transition from gph(m) to gph(m + 1) if gph(m) �= gph(m + 1).
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Given the learning materials with the same layout, to obtain representative temporal
changes in gaze position for reading each page by all participants, gaze change vectors
of all participants reading each page with each layout are classified by clustering. Let PL

denote the set of participants given the learning materials with layout L ∈ {A,B,C,D},
and let Γ L

h denote the set of the gaze positions of all the participants included in PL for
the page of herb h(∈ H ) as follows:

(1)

The set of the gaze positionsΓ L
h of all participants reading the page describing one of

the six kinds of herbs hwith layout Lwere classified into some clusters including similar
transition vectors by K-means++ method [23], which is one of the most representative
methods employed for clustering. From the result of this clustering, representative gaze
change vectors, which represent the gaze change vectors included in the clusters, are
obtained as their centroids. As shown in Fig. 2, examples of the representative gaze
change vectors correspond to the centroids of the different clusters obtained for the
pages of the six kinds of herbs in different layouts by the lines in different colors with
the circles at the starting points of the representative gaze change vectors.

The positions of the visual components were found to affect participants’ reading
behaviors and integration. As shown in Fig. 2, the endpoints of the representative gaze
change vectors are associated with the visual components of the page. Some representa-
tive gaze change vectors with their endpoints in the same component are arranged hori-
zontally along with the rows of the texts as if reflecting reading behavior. For instance,
the translated Chinese texts in multimedia-integrated layout (layout C) are reduced to
shorter segments, suggesting fixations around the focused positions within the textual
component andmore frequent references across the Chinese texts and color photographs.

3.2 Distance Between Gaze Change Vectors and Visual Components

The result described above suggests that the transition of the focus on each page by the
participants given the learning materials with different layouts can be analyzed by the
gaze change vectors with their endpoints in different components assigned to different
rectangular sections of the page. However, the endpoints of the gaze change vectors
are not always inside the region actually occupied by any components assigned to the
rectangular sections of the page for some reason. To determine which component in
the page is focused on in what degree for each gaze change vector, the distance of
each endpoint of the gaze change vector from the region occupied by each component
included in each rectangular section is considered.

First, the region occupied by the component included in each rectangular section
is extracted from the section by background elimination. Since the background of the
pages is filled in the same color, the regions occupied by any components are obtained
by removing the region in the color of the background. A sample result of this process
for Fig. 1(c) is shown in Fig. 3(a). Eliminated background and the remained regions are
shown inwhite and black, respectively. The regions occupied by the component included
in each section are obtained as the connected regions remained in the section after the
background elimination, as shown in Fig. 3(b)–(f).
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Fig. 2. Examples of the representative gaze change vectors corresponding to the centroid of the
clusters.

The distance of each endpoint of each gaze change vector from the region occupied
by each component is obtained from the result of distance transformation for the region,
which calculates the shortest distance from the region for each pixel outside the region.
By comparing the distance from the regions occupied by different page components for
each endpoint, the component closest to the endpoint is also obtained together with the
distance from the component to the end point. The section including the component
closest to gph(m) is denoted by sph(m) ∈ S.

3.3 Frequency of Gaze Transition Across Different Visual Components

Let δph(m) and δ
p
h(m+ 1) denote the distance of endpoints gph(m) and gph(m+ 1) of gaze

change vector γ
p
h (m) from the regions occupied by the closest component assigned to

rectangular sections sph(m) and sph(m + 1) in the page, respectively. The frequency of
transition of the focus across different components in different rectangular sections of
the page describing herb h by a participant p is evaluated by Fp

h , which is defined as
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Fig. 3. Extracting each region occupied for each component in absinthe.

follows:

Fp
h =

Mp
h −1∑

m=1
sph(m) �=sph(m+1)

{
δ̃
p
h(m) + δ̃

p
h(m + 1)

}
/

Mp
h −1∑

m=1

{
δ̃
p
h(m) + δ̃

p
h(m + 1)

}

where δ̃
p
h(m) is obtained by normalizing δ

p
h(m) into an 8-bit value within the range of

[0, 255] as follows:
δ̃
p
h(m) = max

(
1 − δ

p
h(m)/255, 0

)

The rate δ̃
p
h(m) should reflect how frequently the transition of focus across different

visual components, which describe the same herb hwith different kinds of representation
in layout L presented to the participant p ∈ PL. However, this rate varies with different
participants despite some shared tendencies. To grasp the tendency for each layout if
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exist and difference in the tendency among different layouts, the histogram of δ̃
p
h(m)

for all PL is calculated for each page with each layout. The resultant histograms are
illustrated in Fig. 4. The horizontal axis and vertical axis of each figure corresponds to
the value of δ̃ph(m) for the page of each herb and the number of participants with the value
of δ̃

p
h(m). The histograms obtained for the participants presented the learning materials

with different layouts are shown in different colors.

Fig. 4. Histograms of δ̃
p
h(m) obtained for PA (red), PB (blue), PC (yellow), and PD (green).

By taking themedians of participants’ dwelling timewith each layout across different
medicinal herbs, it was found that the participants spent themost time inLayoutA and the
least time in Layout D. According to the fixation and scan path, participants’ perceived
page structure of a rare book seemed to function over the distance of visual components
in guiding their attention and integration.

4 Discussions and Conclusions

The preliminary findings of this study summarized descriptive information about par-
ticipants’ reading behaviors in terms of their eye movement. The results suggested that
color photography worked as a complementary aid to participants’ reading of botanical
illustrations. Since the botanical illustration depicted the medicinal herb and its trait
accurately for a scientific purpose [24], it reflected more faithfully the textual descrip-
tions. Therefore, the participants of Layout A and B groups could successfully integrate
the pictorial illustration with the textual information by following the textual narrative
to the corresponding parts of the illustration. When color photographs are available, as
in Layout C, participants’ attention was quickly drawn to the contrasting traits, such as
identifying flowers and leaves by color, resulting in shorter reading time and scan path.
However, in Layout D, when only color photographs were shown alone, the participants
were found to be distracted and even lost, owing to the lack of correspondence between
textual narratives and plant traits. Participants of this group spent the least time in read-
ing, and their scan paths were rather unstable compared to the other 3 groups. Most
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participants did not know what to look for due to the lack of focal depth in photographic
images, and several of them also reflected in the interview on their difficulty in recogniz-
ing plant traits as novice learners in the first place. The results echoed Mason’s previous
study in mathematics images [25], which reported that abstract math illustrations were
fixated for a longer time than concrete pictures.

Based on the understanding of how participants use and integrate different types
of visual inputs in scientific reading, our further studies will keep collating data on
learning performance, including memory and comprehension test scores with a larger
sample size, to investigate how quality and quantity of visual inputs affect scientific
reading performance.
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Abstract.
Objectives. At present, major universities at home and abroad have set up the-
atre design-related majors, and provide professional talents with different cultural
backgrounds for the theatre design industry. The development of existing stage
technology and new media technology is becoming increasingly integrated, from
black box theatres, to large scale cabaret theatres, where newmedia imaging tech-
nologies such as real time projection, generative art, broadcast control software
and pre-show systems applied to the stage have become commonplace. Most stu-
dents only learn through 3Dmodelling, graphic design and other kinds of software
pathways, lacking practical aspects of practice, and because there are students from
different geographical backgrounds and cultural and cultural backgrounds within
different classes, it is easy to lead to the learning process of the learning God audi-
ence difficult to accept the content of cross-cultural communication. The existing
theatre design courses do not meet the needs of the virtual and realistic teach-
ing methods. Most students only learn through 3D modelling, graphic design and
other types of software, lacking practical practice. At the same time, the existence
of students from different geographical backgrounds and cultural backgrounds in
different classes can easily lead to barriers to cross-cultural communication in the
learning process. Realistic theatre design teaching scenes often require a realistic
stage to be built in a realistic theatre, and because of the large equipment and
consumables involved such as venues, choreography and lighting, such teaching
scenes are extremely expensive to set up, andmore institutions often find it difficult
to achieve, or can only provide teaching scenes with lower configurations etc. In
the long run, students’ learning often remains only in theory and drawings, making
it difficult to really apply them in practice. This is not conducive to the flexible
mastery of professional knowledge by students of the relevant disciplines. The use
of virtual reality technology can therefore be a good solution to this problem.

The aim of this paper is to investigate the integration and application of virtual
reality technology in the intercultural field of theatre design courses. Through
virtual reality technology, virtual reality stages from different countries, regions
and nationalities with local style characteristics can be switched at any time, while
students from different countries or regions can exchange their familiar stage
forms with each other in the virtual reality space. It examines the advantages and
disadvantages of combining the two in a cross-cultural context for teaching theatre
art and design courses.
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Methods. Control experiment: Two students of the same year majoring in art and
design are selected from a university, with the number of students in each class
controlled at 25. At the same time, it is ensured that the students in both classes
have the same basic professional knowledge, i.e. both classes have a certain level
of theoretical and practical foundation in theatre art and design. Experiments are
designed during the teaching process of the course “Stage Art Design” and are
taught by the same teachers, according to the same syllabus and teaching schedule,
and are assessed in the same way at the end of the course. The variables are taught
in two classes, with class A set up to focus on theoretical content supplemented by
design software courses. ClassB is set up for practical theatre design training based
onvirtual reality technology,with theoretical content as a secondary foundation.At
the end of the course, the same examination content and assessment requirements
are used to assess the mastery of practical theatre design skills in both classes A
and B.

Questionnaires: A questionnaire was set up to include ratings of students’
acceptance of the different teaching methods in both classes, ratings of the dif-
ferent teaching methods by the lecturers, and post-course interviews to collect
suggestions from students and teachers regarding the course content and the set-
ting of the teaching methods. By analysing the data and rating the content of the
opinions, the impact of using different teaching methods as variables in the same
course was calculated separately.

Results. The analysis of the experimental results showed that, in the case of the
control group, other variables were the same, excluding some of the subjective
and objective factors that brought about the slightest influence. The use of virtual
reality technology for practical teaching in theatre art and design courses, together
with an appropriate amount of theoretical knowledge, has been found to be more
acceptable and enjoyable to students. Teachers aremorewilling to integrate virtual
reality technology into their courses on a regular basis.

Conclusions. Through this experiment and the end-of-course assessment, it was
found that the assessment content and coursework presented in Class B, where
virtual reality was used, were more innovative when anonymously graded and
compared to the results in Class B, where virtual reality was used. It can be
concluded that the integration of virtual reality technology into theatre design
courses is more conducive to the students’ mastery of the subject matter and
is conducive to achieving better teaching and learning outcomes. At the same
time, the use of virtual reality technology will also make the course’s teaching
costs and related equipment to reduce the capital investment, so that the ease of
teaching professional courses to improve the operability. It will facilitate the use
of similar courses in colleges and universities. However, it should be noted that in
the process of promoting and using virtual reality technology, students’ mastery
of basic theoretical knowledge is neglected. In the teaching process need to grasp
the virtual reality practical content and theoretical content pair balance. To ensure
that students have a solid grasp of the theoretical basics on the basis of practical
operations, more conducive to the optimal presentation of the teaching effect.

Keywords: Virtual reality technology · Theatre design Course · Cross-cultural
communication
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1 Introduction

Theatre is the design with “theatre design” as the signifier, precisely the design with
stage equipment, lighting, curtain, sound, performance props, suspension and replace-
ment support system, costume and make-up modeling as the signifier. As one of its key
components, the stage art transforms the theatre by constantly changing the scenery,
lighting and costumes, thus creating a variety of stage styles. In the modernization of
society, theatre art design has become more and more diverse and open, containing
very rich characteristics of the times [1]. Through the comprehensive application of
visual elements, different cultural and artistic aesthetics are created, thus giving people
a different aesthetic experience. In the process of continuous development of modern
science and technology, the artistic elements of modern theatre are more abundant, and
the artistic display effect tends to be diversified, it can be flexibly adjusted according
to the changes of the stage performance content, in order to achieve the consistency of
content and environmental atmosphere, and enhance the effect of theatre [2].

At present, all kinds of universities have opened stage art design-related majors
or courses, aiming to cultivate this professional talent. Stage art design students mainly
study the basic theory and skills of film and television, stage art design, mainlymastering
stage art design such as stage art, lighting, sound, character modelling, digital media and
computer 3D design and other knowledge, learning a more comprehensive stage art
design and production ability, dynamic design ability and strong stage art design ability.
However, at present, most of the professional courses related to theatre in colleges and
universities focus on the basic knowledge of the stage and the training of drawing ability
and 3D modelling design, etc. The knowledge taught in the courses is relatively single,
and teachers often test students’ mastery of the course content in the form of drawing
assignments, neglecting the practical training of students and the cultivation of overall
design thinking. Starting only with the fundamentals of theatre, spatial training, drawing
exercises and theatre modelling will not better train the theatre talents needed at this
stage.

The visual representation of anthropomorphic technology has done so by break-
ing the traditional concept of time and space and creating a novel vision. At the same
time, it satisfies the psychological demands and inner desires of the public, generating
an immersive and realistic experience, and its value of existence is extremely mean-
ingful and vital [3]. The combination of virtual reality technology and theatre courses,
with the advantages of virtual reality technology, to make up for the shortcomings of
traditional theatre courses, so that the theatre courses follow the technological develop-
ment situation, which will be more conducive to the theatre courses to adapt to future
development.

2 Literature Review

2.1 Theatre Courses

The stage provides space for the actors to perform, which allows the audience’s attention
to be focused on the actors’ performance and to obtain the desired viewing effect. The
stage usually consists of one ormore platforms, some ofwhich can be raised and lowered.
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One of the main components of a theatre building is the performance space in front of
the auditorium. In ancient amphitheaters, the main stage was mostly extended in front
of the auditorium, either below it (as in the case of the ancient Greek fan theatre stage)
or above it (as in the case of the Chinese opera stage), so that the audience could watch
the play from three sides. Stages in indoor theatres usually face the audience and are
available as mirror-frame stages, projecting stages and center stages. The competencies
required of students of theatre include theoretical knowledge of performance events
(or theatre performances), stage painting, prop making (art crafts), knowledge of stage
lighting, evolution of props and costume patterns, knowledge of music and repertoire,
knowledge of sound control, etc. Many universities in China offer majors and directions
related to theatre to train the theatre talents needed by the industry. As a number of new
media technologies such as 5G and virtual reality continue to mature, theatre continues
to integrate with new technologies, and traditional stage art design courses are no longer
able to meet the needs of the industry.

Richard M. Isackes has concluded from his extensive teaching experience that most
current classroom teaching is dedicated to creating design ‘meta-objects’, including
drawings, model building, renderings, etc., which, although the most realistic depiction
of the designed object, are, because they are detached from reality, they are not per-
ceived by real performers, nor are they accessible to real audiences. Therefore, they
have a low level of practical credibility. Stage art designers as scene-builders are neither
simply designers in the visual arts nor architects in the traditional sense; rather, they are
performing artists dedicated to the study of how the stage works and is artistically repre-
sented, rather than just painters of images or structures [4]. Jessica Greenberg and Brian
Rague have designed an interdisciplinary course linking computer and after researching
the course, they believe that students will fully understand and appreciate the impor-
tance of balancing artistic expression and technical skills as it applies to modern theatre
production and design. Students will gain a solid grounding in software tools to enhance
the theatre experience through the integration of audio-visual effects and interactive
media. Students will gain collaboration and communication skills to work effectively
with others from different disciplines [5].

There is currently a paucity of national and international research dedicated to the-
atre design courses, with the existing research focusing on theatre education and artistic
creation methods. There is a great deal of research that emphasises the role of devel-
oping students’ design thinking, as well as drawing on the experiences of successful
practitioners to give students a better understanding of holistic design approaches and
simple interactive experiences where technology allows. However, there is no existing
research or literature that specifically examines virtual reality technology and theatre
design courses. Through this study and experiment, we hope to find ways to integrate
stage theory and theatre practice and to better apply them in teaching practice [6].

2.2 Virtual Reality Technology

Virtual reality technology refers to information technology that digitises images with
the help of multimedia, artificial intelligence, sensors and other technologies to create a
virtual space. With the application of virtual reality technology, users are able to enter
virtual spaces for exploration through wearable devices, experience realistic touch and
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feel the presence of virtual things. Virtual reality technology can simulate any realistic
environment, such as a dangerousmining site, a high-rise building operation site, a power
grid maintenance site, a fire site, a traffic accident site, and allow users to participate
in human-machine interaction. People can explore the virtual space with the aid of aids
for a realistic visual experience and a realistic behavioural experience. Virtual reality
technology also enables the sharing of virtual scenes via the Internet, allowing people
to experience virtual environments together without leaving home [7–9].

In recent decades, art and design education has been striving to explore new meth-
ods and tools for better teaching and learning activities. Virtual Reality (VR) is one
of the main solutions for technology-driven pedagogy [10]. As a cutting-edge science
and technology, virtual reality is a product of the development of human imagination
and creativity, representing the edge of advanced scientific and cultural knowledge, the
development of a spirit of adventure and unlimited creativity, and its introduction into
the field of education, which can enable advanced ideas and technologies to enter schools
and classrooms, bringing about changes not only in teachers’ teaching methods, such as
classroom venues and equipment, but also in the content of teaching and learning, giving
students more opportunities to actively explore knowledge. Teachers will not only be the
exporters of knowledge, but will control the pace and rhythm of lessons. The practical
application of this technology will lead to a dramatic change in the way students explore
and receive knowledge, thus promoting innovation in the teaching and learning of the
arts [11].

Dong Wang’s experiments and data analysis have demonstrated the efficiency of
using virtual reality in post-production and special effects painting for film and tele-
vision, as well as the control of post-production costs for film and television products
[12]. This experiment opens up new areas such as virtual reality in the field of artis-
tic creation and provides experience for the experimental format of this study. Gillian
Arrighi and others used the Victoria theatre in Newcastle, Australia, as the object of
their research to digitally reconstruct the heritage building of the theatre with the help
of virtual reality technology, enabling users to move and navigate historical and cultural
content in a virtual space, by They explored the ease of use and practicality of the VR
system by designing various interaction schemes, and received a good response through
user experience surveys after the experiment [13]. This study was carried out for virtual
reality applications in theatres, which are the same as the subject of our study, providing
us with suitable examples of applications combining virtual reality with theatres. Google
Expeditions is a program in which teachers can take their students around the world,
to museums, mountains, historical monuments tides, oceans and outer space, without
leaving the classroom. The adventure is carried out in the classroom using virtual real-
ity technology [14]. This case better combines virtual reality with teaching tasks and
provides a reference for our research on how virtual reality can be better integrated with
classroom immersion. Yuefeng Pu concludes from experiments and data analysis that the
application of virtual reality technology in teaching martial arts can perfectly combine
book and video teaching materials, making the text and pictures in books lifelike and the
movements in video demonstrations in 3D form the demonstrations are more intuitive,
while action explanations and music are added to enrich the video effects. Students gain
an immersive learning experience using VR equipment, stimulating their interest and



270 J. Shi et al.

enjoyment, and gradually improving the quality of martial arts movements [15]. Both
the martial arts course and the theatre course are highly hands-on, and the application of
virtual reality technology in the martial arts classroom provides experience in the appli-
cation of the technology for our study. Remote virtual teaching technology is expected
to be a new development direction for future virtual reality teaching, providing a more
forward-looking research idea for our study [16].

Existing research on virtual reality technology shows that its application in various
industries such as cultural industries and education has matured and achieved good
results, but no case study or application has been found on its combination with theatre
courses or other art and design courses for teaching.

Virtual reality is not an entirely new technology. However, a number of limitations
have hindered their practical application. Continued technological advances and the
availability of low-cost hardware and software have made VR more feasible and desir-
able in many areas, including education [17]. Virtual reality technology is currently
widely used in the education industry for teaching, but there are currently no cases of
virtual reality technology being used in theatre arts design but. This study will conduct
experiments and analysis on the application of virtual reality technology to theatre design
courses but effects and other aspects to fill the research gap in this field.

3 Experiment Design

This experiment aims to investigate whether students can better grasp the professional
knowledge in a real-time interactive immersive environment by using virtual reality
technology in the teaching of theatre art and design compared to traditional teaching
methods, and whether the intervention of this technology can have a better teaching
effect. In the experiment, a control group and an experimental group were set up, in
which the control group was taught in a traditional way and in which the experimental
group was taught with virtual reality technology. Two experimental groups, after being
taught the theoretical knowledge of the same content at the same time, were given
different practical exercises.

3.1 Experimental Participants

For this experiment, we selected 50 sophomore students of a university in China, they
majoring in theatre and stage art design. All the selected students already had two years
of the same professional knowledge learning experience, with no major differences
in their basic conditions. Through a pre-experimental test, they were divided into two
groups of 25 students each, based on their professional level, without differences, as the
experimental and control groups respectively. The teacher participants were selected to
be conducted by a professor with extensive experience in the subject, who participated
in the whole process of the experiment, including the pre-experimental test as well as
the post-experimental test proposing questions. The teacher used virtual reality tech-
nology for the practical part of the experimental group, allowing students to practise
theatre design in a virtual environment, while the control group used traditional teaching
methods, using computer graphics tools, to practise flat and 3D design of the stage.
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3.2 Measuring Tools

Themeasurements for this experiment consisted of a pre-experimental quiz to reduce the
differences that existed between individual subjects, and a post-experimental measure-
ment consisting of a questionnaire and a professional test. The questionnaire includes
the students’ overall evaluation of the course, as well as their own acceptance, interest
level and other comprehensive ratings, each set at 1–5 points. The professional test con-
sists of a theoretical examination result and a practical work result. Both tests are based
on a one-hundred-point scale. Both post-experimental tests were analysed using a t-test
(known as the full independent sample t-test) for data analysis.

3.3 Experimental Procedure

Set up the experimental group and the control group before the start of the experiment,
which are Class A and Class B respectively. Ensure that the two classes involved in the
experiment have a total of 50 students, and that the students in the two classes have
similar professional foundation abilities, both have a certain level of theoretical and
practical foundation in theatre art design, and that the pre-courses in the two classes are
the same. At the beginning of the experiment, the same teacher teaches the course “Stage
Art Design” and the order of classes is exchanged every week between the two classes in
order to exclude as much as possible the different effects of the teacher’s motivation on
the students. The theoretical content of the course is the same for both classes, but in terms
of the teaching method, Class A adopts the traditional approach, i.e., students design
and practice in the relevant theatre design software after the teacher has demonstrated
on the computer, while Class B, as an experiment, uses virtual reality technology to
build the stage scene with the students after the teacher has explained the theoretical
knowledge. At the end of the course, the two groups of students were given a theoretical
knowledge test and a practical test. A questionnaire was also administered to all students
who participated in the experiment. Finally, the questionnaire and performance datawere
analysed separately (Fig. 1).

4 Experimental Results

4.1 Questionnaire Analysis

The t-test (known as the independent sample t-test) was used to study the differences
between the participating students’ ratings of the difficulty of the course, their satisfaction
with the course, their interest in the course, their concentration in the course, their
mastery of the course, their initiative in learning, their mastery of the course, their
innovative methods of learning, their motivation to learn using the available technology
or equipment, and their connection between theory and practice. From the Table 1, we
can see that the different samples of students who participated in the experiment rated the
difficulty of the course, the satisfaction level of the course, the interest level of the course,
the concentration level of the course, the mastery level of the course, the initiative level
of the course, the learning methods and innovative methods mastered by the teacher, and
the use of available technology or equipment by the teacher to motivate students. This
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Fig. 1. The experimental process

means that the different samples of students who took part in the experiment all showed
significant (p < 0.05) ratings for the difficulty of the course, their satisfaction with the
course, their interest in the course, their concentration, their mastery of the course, their
initiative, their knowledge of the course, and their knowledge of the course. There is
variability in the ratings of learning methods and innovative approaches to the course,
the extent to which teachers use available technology or equipment to motivate students,
and the extent to which the course is linked to theory and practice.

The specific analysis shows that the students who took part in the experiment showed
a 0.05 level of significance (t = 2.594, p = 0.013) for the difficulty level of the course,
as well as a specific difference in comparison, the mean value of the traditional theatre
art and design course (3.52) was significantly higher than the mean value of the virtual
reality-based theatre art and design course (2.80).

The students’ satisfaction with the course was significant at the 0.05 level (t = −
2.213, p= 0.032), and the difference between the mean for the traditional theatre design
course (2.64) and the mean for the virtual reality-based theatre design course (3.16).

The students’ interest in the course was significant at the 0.01 level (t = −3.434, p
= 0.001), and the difference between the mean for the traditional theatre design course
(2.64) and the mean for the virtual reality-based theatre design course (3.24).
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The students in the experiment showed a 0.05 level of significance (t=−2.204, p=
0.033) for the course concentration scores, as well as a specific comparison difference,
with the mean for the traditional theatre arts design course (2.72) being significantly
lower than the mean for the virtual reality-based theatre arts design course (3.32).

The students’ level of expertise in the course was significant at the 0.01 level (t=−
2.825, p = 0.007), and the difference in the specific comparisons showed that the mean
for the traditional theatre arts design course (2.64) was significantly lower than the mean
for the virtual reality-based theatre arts design course (3.28).

The experimental students showed a 0.05 level of significance (t = −2.457, p =
0.019) for the learning initiative scores, and the specific comparison difference shows
that the mean for the traditional theatre arts design course (2.64) is significantly lower
than the mean for the virtual reality-based theatre arts design course (3.36).

The students’ ratings of their knowledge of learning methods and innovative
approaches to the course were significant at the 0.05 level (t=−2.669, p= 0.010), and
the difference in specific comparisons showed that the mean for the traditional theatre
design course (2.64) was significantly lower than the mean for the virtual reality-based
theatre design course (3.44).

The experimental students showed a 0.05 level of significance (t = −2.545, p =
0.015) for the extent to which the instructor used available technology or equipment to
motivate students to learn, as well as a specific difference in comparison, with the mean
for the traditional theatre design course (2.72) being significantly lower than the mean
for the virtual reality-based theatre design course (3.52).

The students participating in the experiment showed a 0.05 level of significance (t=
−2.116, p= 0.041) for the degree of connection between theory and practice, as well as
specific comparative differences, with the mean for the traditional theatre design course
(2.68) being significantly lower than the mean for the virtual reality-based theatre design
course (3.32).

To summarise, the different samples of students participating in the experiment all
showed a different level of difficulty, satisfaction with the course, interest in the course,
concentration in the course, mastery of the course, initiative in learning, methods of
learning and innovation in the course, the extent to which the teacher uses available
technology or equipment to motivate students, and the extent to which the course is
linked to theory and practice. The degree of linkage between theory and practice all
showed significant differences.

4.2 Analysis of Performance

From the Table 2, it can be seen that the t-test was used to study the differences between
the classes for the theoretical test scores and the two items for the work scores, and
from the Table 2 it can be seen that the different class samples do not show significance
(p > 0.05) for a total of 1 item for the theoretical test scores, which means that the
different class samples show consistency for all the theoretical test scores and there is
no difference. In addition, the class sample does not show significance (p < 0.05) for a
total of 1 item for the work performance, which means that there is a difference between
the class samples for the work performance. A specific analysis shows that the classes
showed a 0.01 level of significance (t = −4.589, p = 0.000) for the work scores, as
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Table 1. Questionnaire data t-test results

Group N Average SD t p

Course difficulty rating Traditional 25 3.52 1.08 2.594 0.013*

VR 25 2.80 0.87

Satisfaction with the course Traditional 25 2.64 0.76 −2.213 0.032*

VR 25 3.16 0.90

Degree of interest in this course pair Traditional 25 2.64 0.57 −3.434 0.001**

VR 25 3.24 0.66

Course concentration score Traditional 25 2.72 0.74 −2.204 0.033*

VR 25 3.32 1.14

Mastery of expertise in the course Traditional 25 2.64 0.64 −2.825 0.007**

VR 25 3.28 0.94

Rating of learning initiative Traditional 25 2.64 0.76 −2.457 0.019*

VR 25 3.36 1.25

Rating of learning methods and
innovative approaches acquired in the
course

Traditional 25 2.64 0.86 −2.669 0.010*

VR 25 3.44 1.23

Extent to which the teacher uses available
technology or equipment to motivate
students

Traditional 25 2.72 0.79 −2.545 0.015*

VR 25 3.52 1.36

Extent to which the curriculum is linked
to theory and practice

Traditional 25 2.68 0.75 −2.116 0.041*

VR 25 3.32 1.31

p < 0.05*; p < 0.01**

well as a specific comparison of the differences shows that the mean of class A (81.56),
would be significantly lower than the mean of class B (85.68).

In conclusion, it can be seen that the different class samples will not show significant
differences for a total of 1 theoretical exam score, and the other class samples show
significant differences for a total of 1 work score.

Table 2. Examination results t-check results

Group N Average SD t p

Theoretical examination results Traditional 25 84.40 1.41 1.033 0.307

VR 25 83.96 1.59

Achievements in practical work Traditional 25 81.56 3.10 −4.589 0.000**

VR 25 85.68 3.25

p < 0.05*; p < 0.01**
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5 Discussion and Conclusions

Through the data analysis and research of this experiment, we can learn that in the teach-
ing process of the stage art design course, using virtual reality technology for teaching,
students are more interested in the course and have higher concentration, learning con-
scientiousness and initiative for learning compared with the traditional teaching mode.
When students complete their theatre design work through virtual reality technology,
the senses are more directly immersed in the design, thus making the design content
highly consistent with the stage reality presentation, greatly improving the efficiency
of the design work while minimising the differences in aesthetic perception between
individuals, allowing students to design more aesthetically excellent work.

When the results of the two groups of subjects were analysed, it was found that the
two classes did not show significance between the results of the theoretical examinations,
while they showed significance in the achievement scores of the practical work. This
data proves that virtual reality-based theatre art and design courses are more conducive
to helping students to create their works, to the training of professionals and to the
enhancement of their professional abilities. At the same time, the overall construction
of the stage in the virtual reality environment can simulate the real stage to the greatest
extent, which is conducive to enabling students to improve their design thinking and
construction skills more quickly and adapt to the needs of the industry as soon as possible
after graduation.

In addition, the use of virtual reality technology in the professional teaching of theatre
art and design has reduced teaching costs to a greater extent, making it unnecessary for
educational institutions and schools to spend a lot of money on the construction of real-
istic stage scenes, and virtual reality scenes can be upgraded and virtual scenes updated
and upgraded at any time according to existing technology. The experience of combin-
ing virtual reality technology with theatre design courses can provide experience and a
reference basis for other art and design related disciplines, and can provide virtual real-
ity space for other teaching sections that require a lot of professional scenario practice,
solving the problems of insufficient teaching space and high teaching costs for teaching
institutions or schools. Combine the teaching mode of virtual reality technology with the
educational concept of STEAM and design a teaching mode that is geared towards the
needs of students. This teaching model consists of five components: analysing the needs
of the students, analysing the learning objectives, selecting learning strategies, designing
learning activities and designing learning assessments. Through teaching practice, it has
been found that this model of teaching can significantly improve students’ performance
and inspire them to be enthusiastic about learning. Students’ independent learning and
expertise acquisition is significantly better than traditional multimedia teaching meth-
ods. The proposed teaching model provides an objective reference for the application of
virtual reality technology in teaching [18, 19].

The use of virtual reality technology in art education has great potential to bring
students closer to the possibility of using virtual 3D objects and models [20]. At present,
the development of virtual reality technology has been relatively mature, but the combi-
nation with the education industry is still not close enough. In the future, it is hoped that
more research and argumentation can be conducted to provide more feasible solutions
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and countermeasures for the combination of virtual reality technology and art and design
majors. So that the two can be combined with each other to obtain better development.
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Abstract. As the global ecological crisis and social conflicts intensify, design is
widely involved in social innovation and taking on more social responsibilities.
The concept of social innovation has been continuously integrated into the educa-
tional practices of design schools, driving the transformation of design education.
This paper aims to explore the emergence and evolution of academic programs
related to social innovation in the process of global design education reform, and
to reveal the new possibilities that social innovation brings to design education.
Based on several dimensions of comparative analysis, the paper proposes that
building academic programs related to social innovation is becoming a global
trend in the transformation of design education. Social innovation not only rein-
forces design education’s value base, but it also provides methodological support
for design education. Despite all this, these emerging educational activities are
likely influenced by various social contexts and differ in specific educational tech-
niques and organizational structures. Elaborating on the rise of social innovation
in academic programs, the outcomes of this study may provide fresh perspectives
for design schools to participate in the process of social innovation as well as new
ideas for socially oriented design education reform.

Keywords: Design education · Social innovation · Academic programs · Higher
education

1 Introduction

Today human beings face pressing crises such as climate change, pandemics, food short-
ages, and ecological destruction, for which existing top-down governance structures and
profit-oriented market models often fail to provide solutions. As an innovation paradigm
beyond commercial and technological innovations, social innovation is defined as a
“new solution to a social problem which is more effective, efficient, sustainable or fairer
than existing solutions [1].” Its purpose is to respond positively to societal needs and
address social challenges by creating new collaborative relationships and facilitating the
systemic and continuous transition.

Design is increasingly playing an active role in various areas of social innovation,
whichopens upnewpossibilities for change in design education.As such, design thinking
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has evolved beyond a cognitive style as in the traditional design professions into an
organizational resource [2] that could allow companies, government departments, and
third-party organizations to achieve the transformation goal.

Globally, the rise of social innovation impacts the transformation of design educa-
tion while it makes new requirements for the competencies and cognitions of future
designers. Some design schools have embarked on the journey of social innovation and
integrated relevant concepts into emerging educational practices in a positive response
to societal needs. However, there has been very little discussion about socially oriented
design education practices in a systematic way. This paper examines the emergence and
evolution of academic programs related to social innovation in the global context of
design education reform. It aims to illuminate how design schools respond to the new
demands of social and educational change by analyzing social innovation ideas presented
in these academic programs.

This paper is structured as follows: it first reviews the rise of socially oriented dis-
courses in design research and design education. Then it introduces the methodology
used to investigate the academic programs in design schools, followed by unpacking
the characteristics of these programs in four dimensions: training objectives, organiza-
tional arrangement, disciplinary relationships, and pedagogies. Finally, the study con-
cludes with a perspective on how social innovation could create the potential for design
education reform and suggests future research directions.

2 Literature Review

2.1 Social Design Discourses

The origin of social design could date back to the early 1970s when radical social
movements and the prevailing consumerism brought about a rethinking of the existing
production modes. One of the pioneers of social design, Papanek, in his book “Design
for the Real World,” severely criticizes the pitfalls of consumerism brought by useless
designs and advocates that designers should be socially and ecologically responsible
for the real needs of the third world and marginalized groups [3]. Reviewing Papanek’s
socially responsible design, Victor Maglin conceives a utopian prototype of the “good
society” where everyone can live in dignity. He takes the good society as an action
frame to inspire thinking about restructuring lifestyles by combining many forces of
social change for shared social forms of life on a large scale [4].

Over the last two decades, research on strategies and pathways for social design
has advanced considerably based on a consensus on pursuing social ends. In particular,
approaches of participatory design and co-design provide methodological support for
social design activities. Building on the Scandinavian tradition of participatory design,
Björgvinsson and his colleagues [5] talk about “design things” and “infrastructuring”
as key strategies for leaving design an ongoing and dynamic process. The point is to
establish agonistic public spaces and meet the goal of democratic innovations. While
Sanders and Stappers [6] define co-design as “the creativity of designers and people
untrained in design working together in the design development process,” they actually
use co-design in a broad sense to describe “any act of collective creativity…shared by
two or more people”. According to Kleinsmann and Valkenburg [7], co-design is the
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design process where the actors share knowledge and build consensus on the ultimate
goal. In this regard, establishing interdisciplinary cooperation is of great importance for
gaining high-quality design communication and generating new knowledge.

Integrating these theoretical foundations, Ezio Manzini [8] points out that “design
for social innovation” means “everything that expert design can do to activate, sustain,
and orient processes of social change toward sustainability.” This definition implies that
design for social innovation encompasses the broad field that arises from the intersection
of all the social innovation phenomena and contemporary formsof designprofessions.He
reexamines the “small and beautiful” culture in light of the economic and technological
advancements in society today and proposes a different way of life called “The SLOC
scenario,” which stands for small, local, open, and connected, in order to create a new
perspective on how to create a sustainable networked society. He believes the SLOC
scenario might function as a potent social magnet to compel social actors to make
creative endeavors.

Social design has been in a discursive moment with pluralism, which includes vari-
ous practical and research activities. A report by Armstrong and her colleagues identifies
social design as “the concepts and activities enacted within participatory approaches to
researching, generating and realizing new ways to make change happen towards col-
lective and social ends, rather than predominantly commercial objectives” and summa-
rizes three kinds of discourses: social entrepreneurship, socially responsible design, and
design activism [9]. These social design discourses demonstrate a challenge to traditional
design perspectives and greatly enrich the theoretical framework, methods, and tools for
design interventions in various fields of social innovation. Emphasizing participatory
approaches and knowledge integration, social design allows the actions to dynamically
adapt to changing problem situations in the maintenance of an open design process,
which helps ultimately accomplish the mission of social change at a systemic level.

2.2 Socially Oriented Design Education Reform

The radical social movement of Bauhaus a century ago could be seen as early prac-
tices of social innovation through design education reform. Confronted with the social
contradictions of the time, Gropius proposed a unity of art and technology instead of
continuing the mode of elite art education that was divorced from reality. In this way,
Bauhaus reformed the curriculum by combining teaching activities and production prac-
tices to meet the goal of cultivating talents adapted to the context of mass production
[10].

Moreover, the development of socially oriented design thinking, influenced by the
concept of social innovation, has also driven reflections in the field of design educa-
tion. The RED team from the Design Council in the UK raises the term transformation
design based on human-centeredness. It covers various design disciplines, such as service
design, interaction design, information design, and industrial design, with the intention
of applying design principles to large complex systems and imparting design compe-
tencies for the ongoing transition [11]. Following the spirit of transformation design,
Braunschweig University of Art in Germany, the Glasgow School of Art in the UK, and
the University of Applied Sciences Augsburg in Germany launched new design master
programs in 2015, 2016, and 2019, respectively. Similarly, Terry Irwin assimilates the
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theories of change into the traditional design framework and proposes a new one called
transition design. With its purpose of stimulating systemic change and creating a more
sustainable, equitable, and desirable future through design interventions, the transition
design framework serves as the methodological basis for the educational reform at the
Carnegie Mellon School of Design [12].

Not only that, design schools’ engagement in social innovation is trending towards
distributed networks. Under the leadership of Manzini, the DESIS network of design
schools was cofounded in 2009 by Politecnico di Milano, Tongji University, Jiangnan
University, and other universities, with the core values of social innovation and sustain-
able development. It believes that design schools could become a leading force for social
change through co-creating social values with other stakeholders. Currently, nearly 60
design schools have joined the network [13]. When it comes to its organizational model,
a DESIS lab is established in each university member as an activity unit. Through the
initiatives of thematic clusters, design teams worldwide working on similar themes are
connected for experience exchange and substantive collaborations. Specifically, DESIS
labs are composed of teachers, researchers, and students, who would together bring new
ideas and visions into the social dialogues through experimental research projects and
teaching activities. As a result, it provides adaptable forms of organization for developing
social innovation initiatives [14].

3 Methodology

This study selects the top30higher education institutions according to the 2022QSWorld
University Rankings by the subject of Art and Design as the research objects [15]. The
purpose is to identify the concept of social innovation in the academic programs of these
design schools and to explore their emergence and evolution.While the discussion of the
social innovation concepts has always been diverse and ambiguous, this paper adopts the
working definition from The Young Foundation’s report that social innovations are “new
solutions (products, services, models, markets, processes, etc.) that simultaneously meet
a social need (more effectively than existing solutions) and lead to new or improved
capabilities and relationships and better use of assets and resources [16].” From this
definition, two criteria were used to determine whether the academic program embodies
the idea of social innovation: one is “social purposes”; the other is “collaborative and
participatory approaches.”

As for the process, first, the author collected public information about the academic
programs from universities’ official websites, brochures, and reports. The names and
descriptions of academic programs of the top 30 institutions were checked to filter out
irrelevant institutions and programs using these two criteria. This step excluded five
institutions that the author did not find anything to do with social innovation concepts
in their program information. Also, this step further determined that the study focuses
mainly on the master programs supplemented with a small number of undergraduate and
non-degree programs. Next, the remaining 41 screened academic programs from the 25
institutions were then categorized into five types depending on the different ways they
show the idea of social innovation (Fig. 1). After the categorization, a detailed analysis
was given to compare commonalities and differences in these academic programs for a
better understanding of their emergence and evolution process.
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4 Results

Overall, in the top 30 higher education institutions in the QS World University Rank-
ings by the subject of Art and Design, 41 academic programs in the 25 design schools
incorporate the concept of social innovation to varying degrees and in different ways.
Figure 1 depicts five types, the amount, and the percentage of each type, which are
the categorization results in accordance with the names and basic information of these
academic programs.

Fig. 1. The proportion of five types of academic programs related to social innovation in the 25
design schools (created by the author)

Firstly, type A is for academic programs named directly after “social innovation” or
“social design.” Type A comprises six programs, and the percentage is 15%, including
the MA social design program by Design Academy Eindhoven, and the MFA Design
for Social Innovation (DSI) program by the School of Visual Arts (SVA), etc. Rela-
tively, these programs do not have a long history, the establishment of which is directly
influenced by emergent thinking about social innovation. When SVA’s DSI program,
a two-year master’s degree program, was launched in 2012, its founder Cheryl Heller
believed that the design discipline was at a turning point when a comprehensive aca-
demic program was needed to help designers enter and play a leading role in the field
of social innovation. In this case, the DSI program blends traditional and new design
areas of branding, interaction, digital media, product, and game design to prepare stu-
dents to become creative and visionary generalists. Also, it attempts to foster a sense
of community and humanism, equipping the students to pay attention to social issues
of health, equity, and justice issues and actively integrating all forces to drive systemic
change ultimately [17].

As for type B, the program names do not directly include the word “social inno-
vation” or “social design,” but the program descriptions have issues related to social
innovation, such as urban ecologies, future living, and social entrepreneurship. There
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are 16 programs in type B, accounting for the highest proportion (39%) among these
five types. One thing they have in common is that they mostly attach great importance
to fostering creative design cognitions and comprehensive capabilities in response to
real problems, particularly around sustainability. Another point is that these programs
often involve content related to other types of innovation besides social innovation, such
as business and technological innovation. In other words, it acquires students to learn
multidisciplinary knowledge about economics, management, politics, and biology. From
this, many programs in type B are jointly organized by different schools. One example
is the master’s program of Creative Sustainability by Aalto University in Finland, which
was co-established in 2010 by the School of Arts, Design and Architecture, School of
Business, and the School of Chemical Engineering. It groups teachers and students from
different fields into a diverse team and creates a collaborative environment for design
education. The faculty come from three departments at Aalto University: the department
of design, the department of management studies, and the department of bioproducts
and biosystems. Thus, the students in this program are provided with guidance in the
intersection of design, science, business, and other areas of study [18]. Taking full advan-
tage of Aalto’s multidisciplinary strengths as a comprehensive university enriches the
curriculum’s content. Moreover, it broadens students’ horizons with a foundation for a
cross-cultural understanding and diverse knowledge perspectives to deal with complex
socio-technical systems.

The programs belonging to type C grow from traditional design programs with
their original names, such as industrial design and service design. But they conceal the
ideas associated with social innovation in the program descriptions. There are eight
programs in type C, representing 19% of the total, including the master programs of
industrial design at Aalto University, ArtCenter College of Design (ACCD), and the
master programs of service design at Royal College of Art (RCA), University of the
Arts London (UAL), Politecnico di Milano (Polimi), etc. These programs often began
from the very beginning of the establishment of the design schools and have accumulated
a certain amount of educational experience in their growth.Although their trainingmodes
were well adapted to the industrial market for a long time, it is time to change design
education based on the new demands in the dramatically changed global context. At
this moment, the entry of social innovation makes it possible for traditional programs
to evolve with time. For one thing, it brings a new philosophy to design education
with social awareness. And for another, the conventional design process is pushed to be
updated with the latest design methods and strategies, such as community engagement,
co-creation, and participatory design.

In type D programs, the idea of social innovation reflected in one academic program
aligns with the idea in other programs at the design school. Actually, it permeates the
overall educational framework and guides teaching and research activities as a unifying
value. The goal of social innovation has been infused into the design school’s organi-
zational cultures and has become one of its core missions. Although within type D, all
programs by the same institution usually present different dimensions of social inno-
vation in their educational activities, only the most representative of these programs
are included in this study for further analysis. These constitute nearly 17% and encom-
pass MDes in Design Innovation and Citizenship and MDes in Design Innovation and
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Circular Economy by the Innovation School in the GSA, Master of Design by CMU,
Master of Design in the University of Technology Sydney (UTS), two master programs
of PSSD and Environmental Design by College of Design and Innovation (D&I) in
Tongji University, etc.

The first four types are all degree programs, occupying 90% of the total. Apart from
them, only ten percent is the last type E, non-degree programs. This means that they
are minor courses or short-term certificate programs. For example, ACCD’s Designmat-
ters is an interdisciplinary platform that provides students with minors on all kinds of
subjects like sustainability, global health, public policy, and social entrepreneurship, as
well as opportunities to engage in design research projects which enable them to employ
collaborative tactics in dealing with social realities [19]. MIT School of Architecture
and Planning (SA+P) has launched MITdesignX, a program dedicated to creating new
solutions to address social problems at the intersection of design, business, science, and
technology. It serves as a springboard for students, teachers, and researchers to collab-
orate with other stakeholders through a range of design and business courses tailored
to their needs, with the addition of building interdisciplinary teams for collaborative
learning and making [20]. In this aspect, MIT equips non-design students with design
thinking and skill training and provides an institutional foundation for design students
to engage in multidisciplinary cooperation.

5 Discussion

The categorization results reveal that, in general, an increasing number of design schools
are taking the idea of social innovation seriously and incorporating it into their aca-
demic programs to facilitate educational reform. Yet the patterns are diverse according
to different social contexts. A design school may have multiple academic programs of
various types dedicated to social innovation. This section conducts a more nuanced anal-
ysis of these programs regarding their training objectives, organizational arrangement,
disciplinary relationships, and pedagogies.

5.1 Training Objectives

Integrating the project descriptions of the 41 programs, the author makes a word cloud
map (Fig. 2) and pulls out the keywords from the perspectives of knowledge, skills, and
qualities (Table 1) to further examine the training objectives of these academic programs.
As can be seen, they exhibit thorough training objectives with a broad range of social
themes. Specifically, these academic programs require the improvement of interdisci-
plinary knowledge in politics, economics, technology, art and design, design skills such
as systems thinking, leadership, management skills, teamwork, and prototyping, as well
as critical, diverse, insightful, and humanistic design qualities.

It is also worth noting that most of these programs are at the graduate level, with only
a few at the undergraduate level. An example is PolyU’s social design, a supplementary
program for senior undergraduate students, for which only the students who meet the
requirements can apply. They would enter the program in the third year and complete
two years of study to obtain a BA (Hons) in Social Design [21]. This reflects that the
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Fig. 2. Word Cloud Map of High-Frequency Words in the Academic Program Descriptions
(created by the author)

Table 1. Keyword table for the academic program descriptions (created by the author)

Knowledge Social need, socio-cultural, complex, service, transdisciplinary,
interdisciplinary, multi-disciplinary, urban, city, environment, ecosystem,
ecology, technology, science, art, business, economy, industry, healthcare,
transition design, methodology, theory

Skills Systems thinking, Problem solving, leadership, research, ethnography, analyze,
management, prototype, entrepreneurship, practice, study, plan, empower,
imagine, model, team

Qualities Social, innovation, transform, change, participation, collaborative, integration,
sustainability, critical, community, global, creative, future, insight,
human-centered, resilience, real-world, diversity, variety, responsive, social
design, social innovation, positive, justice, expertise, strategic, public

concept of social innovation places higher demands on the training objectives of design
education. To go further, this can be taken as two kinds of capabilities as in the “T-shaped”
model, corresponding to two educational levels of the undergraduate and graduate: one is
the vertical capability with respect to mastering the basic design knowledge and skills in
design professions, and the other is the horizontal capability to apply knowledge across
situations [22].

Traditional design education patterns, in general, focus on training proficiency in
applying certain areas of design skills to fulfillmarket and industrial demands. In contrast,
the goal of emergent programs with the notion of social innovation is an insight into the
world. To put it another way, it promotes the development of a comprehensive literacy
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of future designers and enables them to take effective actions to make the change happen
by requiring students to acquire a broader source of information, multifaceted design
abilities, and humanistic social awareness to comprehend human cultures.

5.2 Organizational Arrangement

In terms of the organizational arrangement, the distribution of these academic programs
in universities varies in scope and audience. Depending on the distinctive context, a
particular social innovation-related academic program may operate as a university-wide
platform, a stand-alone program within a design school, or a novel direction under a
certain program. For example, the d.school at Stanford University serves as an inter-
disciplinary platform open to the entire university, offering project-based experiential
courses and workshops for undergraduate and graduate students from all seven schools.
At the same time, it gives rich learning resources online, including basic tool kits and
videos of symposiums [23]. In addition, the Central Academy of Fine Arts (CAFA) has
restructured its courses and opened a new direction of social design in undergraduate
and master’s programs. In the former, it is delivered as a parallel track to the other
11 disciplines, like visual communication design, industrial design, and digital media
art. In the latter, it is one of the research directions, together with others like design
management studies, design thinking studies, and Chinese design culture studies [24].
Nevertheless, in most cases, an academic program with the notion of social innovation
could take the form of an independent degree program. Apart from a few co-founded
by multiple institutions, they are almost set up by a design school and primarily instruct
the design students enrolled. The faculty members at some design schools are becoming
even more varied, with backgrounds in management, political science, sociology, and
communication studies. Additionally, the process of selecting the faculty places equal
emphasis on professional experience and academic backgrounds, with some teachers
having had extensive prior employment.

5.3 Disciplinary Relationships

How a certain design school positions social innovation in its disciplinary structure
could depend on historical roots and social conditions. On the one hand, in some design
schools, social innovation as a value has led to a paradigm shift in design, in line with
an expanding subject scope. On the other hand, its emergence has resulted in more
specialized subdivisions at the intersection ofmultiple disciplines. For instance, inhering
the Bauhaus spirit of designing for the public and possessing the mission to move from
“Made in China” to “Created in China,” social innovation has been taken as part of
D&I’s organizational cultures and permeated all kinds of educational activities since its
foundation in 2009 [25]. Over the years, D&I has grown through continuous inquiry into
complex living systems in the human world. The broader interests mirror the trajectory
of design in China within the modernization process from the tradition of arts and
crafts to strategic innovation for social change. As evident in the professional directories
published by the Chinese Ministry of Education, design has been separated from being
a second-level discipline under the category of arts [26] and elevated to a first-level
discipline under a new category of interdisciplinary subjects [27].
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In this sense, providing a taxonomic scheme of American programs and guiding
the allocation of educational resources, the Classification of Instructional Programs
(CIP) reflects the disciplinary position of design in America. According to the 2020
edition of the CIP [28], most design programs about social innovation are classified
under the primary category of “multi/interdisciplinary studies” (CIP Code 30) but with
some subdivisional distinctions. To illustrate, MFA in Design for Social Innovation by
SVA, MS in Strategic Design and Management, and MFA in Transdisciplinary Design
by Parsons are all under the secondary title of “systems science and theory” [29, 30].
The master program of design for sustainability in SCAD is in another sub-category of
“sustainability studies” [31]. In contrast, some of the traditional design disciplines as
mature segmented fields belong to another category of the Visual and Performing Arts
(CIP Code 50), such as Industrial and Product Design, Interior Design, and Graphic
Design.

Therefore, the progressive entry of social innovation into design education has
changed the design structure and generated new disciplinary relationships. Due to path
dependency, it has developed a differentiated profile across institutions; in particular,
some institutions focus more on the segmentation of sustainability, and others favor
strategy and management. In general, however, these emerging programs have a wider
and more comprehensive range of disciplines than the specialized traditional vocational
areas. With the constant integration of new and old design disciplines, the attribute of
design education as a new liberal art of technological culture is enhanced and proves its
intrinsic value beyond extrinsic manifestations [32].

5.4 Pedagogies

Expanding the traditional educational approaches, these academic programs utilize a
variety of pedagogieswith taking social innovation into consideration to create a learning
environment full of social interactions for the students. By emphasizing the notion of
design activism, students are exposed to lots of hands-on experience and encouraged
to use their design skills in encounters with the real world, which could help exercise
creativity and develop a sense of humanism and social responsibility.

The courses are mainly in the form of a design studio with the teaching method
of project-based learning, allowing the students to learn by doing. Taking significant
societal concerns as the subject matter, the core of the projects usually sits in seeking
the design problems in reality with uncertainty and complexity. For example, D&I in
Tongji University offers a course called Sustainability Consciousness, which is intended
to assist students in understanding the connection between human activities and natural
systems, as well as develop insight into ecological challenges in their own lives [33].
Instead of beginning with an obvious design problem, students are asked to investigate
the difficulties in their daily routines and to think critically about phenomena that are
taken for granted. They need to link to their own life experience while digging out a
specific problem in a complex situation and then yield alternative solutions.

Additionally, these programs introduce new methods based on localism and com-
munity engagement. While traditional design studios concentrate more on directing and
critiquing students’ design processes through teacher-student interaction, with profes-
sors assessing students’ solutions, these new programs are more reliant on the inclusion
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of community resources. As a result, design schools are often active in building con-
nectivity with local communities and inviting multiple stakeholders to participate in
all aspects of the courses, including all aspects of planning, reviewing, and evaluating.
Most importantly, the government, companies, and local community may act as com-
missioners of the project or participants in it, providing the necessary help and support
for teaching and learning. Students actively communicate with them to generate new
design knowledge and produce design products by means of co-creation and partic-
ipatory approaches. In the process, students not only learn more facts about specific
problems but also gain social experience as a kind of tacit knowledge necessary for them
to grow from novice designers to design experts. For instance, the service design studio
at Politecnico di Milano works on the cultural reconstruction of resilience in periph-
eral areas with the support of the municipality and local citizens. The educators have
designed a framework derived from a social innovation process model, including three
assignments: understanding the topic and framing the opportunity, generating ideas with
diverse stakeholders, and developing the prototyping solutions. They propose the “ac-
tion design format” that combines practical activities with theoretical research to activate
students’ creativity in achieving synergy between educational and societal goals [34].

6 Conclusion

In conclusion, the conception of building academic programs related to social inno-
vation is becoming a global trend in design education reform. These programs share
fundamental similarities but also differ in concrete instructional approaches and organi-
zational structures. This study posits that social innovation opens up new opportunities
for design education by sorting out relevant academic programs in design and reviewing
their emergence and evolution.On the one side, social innovation can strengthen the value
base for academic programs in design education. In this perspective, they go beyond typ-
ical commercial goals and dedicate themselves to addressing social demands and global
concerns. On the other, social innovation promotes the development of design think-
ing and methodology, particularly through collaborative and participatory approaches,
which enables design education to introduce resources from social innovation networks
to better cultivate students’ all-around qualities and generate new design knowledge.
According to this point of view, design discipline could enhance its social impact by
activating regional creative collectives.

This study clarifies the development of social innovation in academic programs. It
could deliver a new perspective for design schools to participate in the process of social
innovation and stimulate new ideas for socially oriented design education reform. Also,
this paper suggests some directions for the research and practices of design education in
the future. First, design educators need to consider the subject orientation of the socially
oriented design. One of the most pressing questions here is how to deal with the rela-
tionship between traditional and emerging design fields. In other words, is it necessary
for a design school to set up an independent design project related to social innovation to
more effectively integrate social innovation into design education? Second, in order to
continuously co-produce social values, it is necessary for a design school to establish an
open and robust network among all stakeholders, such as the government, corporations,
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and local citizens. This could not only unleash the potential of design schools as a force
for social change, but evenmore, empower the advancement of design education, provid-
ing students with an environment for social and experiential learning. Third, economic
and historical circumstances would be key to developing design education in any design
school. Thus, flexible academic program types must be devised to provide rich teaching
and learning formats for a wider group of teachers and students to join. Fourth, given that
the content of academic programs with social innovation often involves a wide range of
knowledge fields and comprehensive ability requirements, it is also worth considering
how to build a platform to afford institutional support for interdisciplinary cooperation
and communication.

Due to the limits, the information collected for this paper could leave out some factual
evidence, whichmay prevent amore accurate analysis. Furthermore, it seems impossible
to assess some academic programs’ social and educational performance since the reform
process of socially oriented design education has not yet reached a mature level. The
author will take this as an entry point of follow-up research and delve deeper into social
innovation and design education.
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Abstract. Objectives: In today’s world, with the continuous deepening and
development of human-cultural interactions, the process of communication and
interaction between different cultures is becoming closer and closer. From domes-
tic cross-regional cultural studies to transnational cultural studies, corporate man-
agement, and talent acquisition, to national strategies and cultural exports, the
importance and practicality of cross-cultural communication is becoming increas-
ingly evident. Due to the growing trend of globalization, the global communicative
nature is becoming more and more prominent. In response to the needs of society,
several colleges and universities across the country already offer cross-cultural arts
programs. The cross-cultural Arts Program is a course that combines theory and
practice. The traditional teaching model of cross-cultural art courses is teacher-
centered, textbook-centered, and board-based. Time-consuming, laborious, small
information capacity, information display form is rather dull and monotonous.
And the traditional teaching mode of cross-cultural art courses has a single means
and rarely involves modern teaching equipment, which is not conducive to broad-
ening teachers’ and students’ horizons and improving teaching efficiency. This
paper takes “virtual reality technology” as the core and proposes the teaching
mode of “virtual reality combination” and “online and offline combination” for
the practical course. The purpose is to solve a series of problems of the traditional
teaching model and provide reference experience for the development and reform
of other practical courses. This study uses virtual reality technology to enable stu-
dents to learn more about cross-cultural art theory and understand the similarities
and differences between different cultures, and achieve the purpose of “combining
online and offline” and “virtual reality” teaching modes.

The cross-cultural art program is a science that studies and utilizes the rela-
tionship between art and culture and information dissemination, analyzes and
summarizes various cross-cultural communication phenomena, and explores the
communication and exchange between different art cultures. At the same time,
cross-cultural art is highly practical, and it plays an important role in both domes-
tic interregional and transnational cultural studies. Cross-cultural art teaching is a
sunrise course, and the traditional teaching mode is mainly based on offline mode.
Teachers and students conduct field research, but field research is also more lim-
ited in terms of space to meet training needs. The theoretical courses are based
on teachers teaching basic knowledge, the course content is fixed, the teaching
method is single, and students are not highlymotivated.With the advent of the epi-
demic era, the offline teaching mode of cross-cultural art courses has been greatly
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impacted and influenced. The areas are closed due to the epidemic, and students
face great risks and obstacles in their field research to meet the needs of the course
objectives. At the same time, because offline field research is expensive and costly,
it cannot meet the learning needs of students from different family backgrounds,
and students from different cultural backgrounds have different ideas and concepts
about cross-cultural art communication. In the face of the epidemic era, the differ-
ent cultural backgrounds of students and the influence of their living environment,
it is a question worth thinking about how to make cross-cultural art teaching play
a better educational role.

Combine the virtual reality technology with the teaching process, through
three-dimensional virtual simulation and virtual interactive technology to virtu-
ally show the site scenes, practice processes and results required for the course,
and truly reproduce the practice process. The teaching mode of using virtual
reality technology combined with the curriculum can enhance the real-time inter-
action between teachers and students, enrich the teaching content, overcome the
equipment as well as the venue environment obstacles of the traditional practical
teaching mode, and further improve the teaching quality. At the same time, the
mode of combining virtual reality technologywith the course brings students a dif-
ferent course experience in a new way, overcomes the obstacles of field research,
brings students visual enjoyment, further stimulates students’ interest in learning
and improves learning efficiency. Therefore, the teaching mode of “virtual real-
ity combination” can better overcome the obstacles of traditional teaching mode
such as equipment and venue, and improve the quality of teaching and learning.
It allows students to gain a deeper understanding of the learning content and per-
fectly integrates the presentation of visual effects with professional knowledge,
cultivating technical and intellectual talents with high overall quality.

Methods: In this study, 20 students (10 males and 10 females) were ran-
domly selected as the control group and 20 students (10 males and 10 females)
were selected as the experimental group in a school in China. There were no
major differences in basic information between the two groups, and both stu-
dents had taken cross-cultural arts courses and had a preliminary understanding
of cross-cultural arts programs. The control group used the traditional teaching
mode, and the experimental group used virtual reality technology for teaching. A
questionnaire survey on learning interest and attitude will be organized after the
teaching.

Results: By comparing the teaching questionnaires of the control group and
the experimental group, it can be found that the students in the experimental group
were more motivated, more active in learning, and more satisfied with the class
than the students in the control group. Students in the control group reported that
the classroom content was boring and their participation was less active, while
students in the experimental group reported that the classroom content was rich
and interesting and their participation was higher. Therefore, it is hoped that more
courses will be taught in this pedagogical way.

Conclusions: This study found that traditional teaching courses do not fully
meet the learning needs of students, and practical courses require students to
conduct more field research, and the use of virtual reality technology combined
with traditional teaching can better and more effectively solve these problems and
improve the quality of teaching as well as learning efficiency. The combination of
virtual reality technology and cross-cultural art courses can help students better
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experience different cultures around the world, improve students’ learning effi-
ciency and increase their interest in cross-cultural art courses, as well as reduce
the physical and financial pressure brought by field research and the hindrance
of field research in the era of epidemics, and more effectively improve teaching
efficiency. In addition, there are some issues that need to be noted. Most schools
have very few virtual reality resources developed for teaching, and the shortage
of curriculum resources is the biggest bottleneck for the promotion of virtual real-
ity technology in some schools. However, with the rapid development of virtual
reality technology, the future application of virtual reality technology in teach-
ing is bound to bring about disruptive changes in classroom teaching methods.
However, more experiments and research are needed on how to better use virtual
reality technology in classroom teaching.

Keywords: Virtual reality technology · Cross-cultural arts · Virtual reality
education

1 Introduction

The wave of globalization has led to a constant exchange, collision, and fusion of cul-
tures among various nations and ethnic groups. From domestic cross-regional cultural
studies to transnational cultural studies, company management, and talent introduction,
to national strategies and cultural exports, cross-cultural communication is particularly
important [1] order tomeet the needs of the times and cultivate talents, many colleges and
universities across the country have offered cross-cultural art courses. A cross-cultural
art course is a course with high integration of theory and practice. The traditional teach-
ing mode is centered on the teacher and textbook, and the teaching is mainly based on
the board, which is time-consuming, laborious, with small information capacity and dull
and monotonous information display form, and it is difficult to carry out a diversified
display of teaching contents, and field research is also more limited to meet training
needs, and teachers and students are unable to experience the charm of cross-cultural
art firsthand. Under the influence of today’s global epidemic, field research is hindered
and cannot meet the teaching needs of the course [2], while the use of virtual real-
ity technology can overcome the problems of equipment as well as site environmental
barriers of the traditional practical teaching mode, enriching the teaching content and
improving the teaching quality. This paper takes “virtual reality technology” as the core,
and proposes the “virtual reality combination” course teaching mode, in order to solve
a series of problems of traditional teaching, and also to provide reference experience for
the development and reform of other practical courses. This study examines the effects
of virtual reality technology applied to teaching and learning on students’ interest and
attitude toward learning through the areas of virtual reality and cross-cultural art.

The purpose of the Cross-cultural Arts Program is to increase students’ sensitiv-
ity to cultural differences, increase cross-cultural communication skills, and develop
specialized personnel. While cross-cultural art teaching is a sunrise course, traditional
teaching is mainly in offline mode, and the theory course is based on teachers teach-
ing basic knowledge, with fixed course content and a single teaching method. In the
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practical course, the site of field research is also more restricted, expensive, and costly,
which cannot meet the teaching needs of the course, and will easily make students lose
interest in learning and have a negative impact on their learning attitude accordingly. Stu-
dents from different cultural backgrounds also have different ideas and concepts about
cross-cultural art communication. In the face of the epidemic era, the different cultural
backgrounds of students, and the influence of their living environment, it is a question
worth thinking about how to make cross-cultural art teaching play a better educational
role.

Virtual reality technology is used in the teaching process to virtually show the site
scenes, practice processes, and results required for the course through 3D virtual sim-
ulation and virtual interaction technology to truly reproduce the entire process of prac-
tice [3]. Applying virtual reality technology to traditional teaching can overcome the
equipment as well as site environment obstacles of traditional practical teaching mode,
enhance real-time interaction between teachers and students, enrich teaching content,
and can effectively improve students’ learning interest and learning attitude. It also allows
students to gain a deeper understanding of the learning content, to perfectly integrate
the presentation of visual effects with professional knowledge, and to cultivate technical
and intellectual talents with high overall quality [4].

2 Literature Review

2.1 Cross-cultural Arts and Cross-cultural Arts Program

As an important carrier of culture, artworks largely visualize the abstract behavior of
communication, and it can be said that it is the materialized result of cultural commu-
nication [5]. Cross-cultural art is an art form or artwork that embodies multicultural
characteristics when created by two or more individuals influenced by significantly dif-
ferent cultural exchanges that cross a specific cultural boundary [6]. Under the premise
of cultural exchange, the differences in values, economic structures, ethnic customs, cul-
tural symbols, language codes, etc. between different cultures collide to create artworks
with unique characteristics [7]. With the widespread opening of intercultural art courses,
people also feel the charm of art between different countries and nationalities, and its
important role in the dissemination of art disciplines such as music, dance, drama, and
fine arts, so more and more people are engaged in research about intercultural art. Sun, J.
studied that applying cross-cultural studies to the field of art would break the boundaries
of ethnicity and region in traditional studies and involve many issues such as artistic
exchanges between different cultures, so cross-cultural art has now become a research
direction of increasing interest [8]. Xia, Y. J. studied the key to the development of art
based on cross-cultural contexts and concluded that in order to be based on multicultural
communication and dialogue, it is necessary to both looks at oneself and pay attention
to the perspective of the “other” so that art can be better developed and disseminated [9].

Under the premise of cultural exchange, it has become a trend to offer cross-cultural
art courses in colleges and universities to meet the development and needs of society.
Based on the importance of intercultural communication, Li, J. argues that the cross-
cultural study of art is an academic practice of great relevance in order to reach the
intersection and exchange of human wisdom, a method, and concept that practices the
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solidarity of human destiny in a disciplinary way [1]. The traditional cross-cultural art
courses are mainly offline, creating a series of problems because the theoretical knowl-
edge of cross-cultural art is abstract and more inclined to practical investigation. At the
same time, because offline practice visits are costly and expensive, they cannot meet
the learning needs of students from different family backgrounds, and students cannot
achieve 100% of the requirements of the practice visits, and it is difficult to achieve a
true and complete understanding during the learning process and to complete the com-
prehensive curriculum. Therefore, many researchers have started to try to solve these
problems. In his study, Li, Z. proposed a “virtual-real” hybrid cross-cultural communi-
cation course experimental teaching model to build a real cross-cultural communication
context for students and conduct comprehensive practical training, so as to improve the
interactivity and efficiency of cross-cultural communication course experimental teach-
ing [3], which provides ideas for subsequent researchers. The “virtual-reality” teaching
model overcomes the obstacles of the traditional teaching model, so the development of
the VR virtual-reality teaching model is a necessary initiative.

2.2 Virtual Reality Technology

Virtual Reality (VR) is a new technology developed in the 1990s with computer tech-
nology at its core. The principle is to use electronic glasses to immerse the wearing
individual into the environment simulated by the computer [10]. Through the combi-
nation of computer graphics technology, multimedia technology, sensing technology,
real-time technology, artificial intelligence, simulation technology, etc., the participants
are placed in a three-dimensional virtual environment that integrates vision, hearing,
touch and taste. Interacting with objects in the virtual world in a natural way with the
help of special input and output devices creates a sense of immersion [11]. Thus many
researchers’ studies have shown that virtual reality technology is a viable tool in engi-
neering, medicine and other scientific fields [12]. Due to the development of virtual
reality technology, its role in the field of student education has gradually emerged and
has had a greater impact on classroom teaching in higher education [13, 14]. The use
of virtual reality technology in the field of education and the integration of technolo-
gies such as scripting design and 3D and the use of interactive devices have improved
the effectiveness of teaching and learning in virtual simulation environments and the
efficiency of knowledge dissemination, prompting the education of students to rise to a
new level [15]. He, M. studies that virtual reality technology, which is naturally asso-
ciated with art, provides a powerful support for experimental art education sessions
and inspires innovation in our teaching practices [16]. Cui, H.J., Cheng, M.H. based
on virtual reality technology, the progress of application in digital media art teaching
proposed application strategies to bring diverse forms of creation to digital media art
in order to improve students’ initiative and enthusiasm for professional learning and
improve learning efficiency with the support of virtual reality technology [4].In today’s
pandemic environment, many schools as well as training institutions have to switch
from offline to online teaching, which is undoubtedly a huge blow to some subjects with
strong operational and abstract theoretical knowledge. Wu W. L., Hsu Y., Yang Q. F.,
et al. developed a landscape architecture SV-IVR learning system using virtual reality
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technology to integrate into landscape architecture conservation courses, which effec-
tively improved students’ learning performance, learning attitudes, and self-regulation
levels without negatively affecting students [17, 18], demonstrating the effectiveness of
virtual reality technology in educational applications and its own great potential. This
demonstrates the effectiveness of virtual reality technology in education and its great
potential. Wang L., & Wang, Z. incorporated virtual reality technology into the voca-
tional education curriculum to create a virtual simulation environment and concluded
that it helps students to learn actively and improves teachers’ teaching effectiveness and,
at the same time, reduces school input costs [15].In the study of engineering education
teaching, Shi, Z. pointed out that the traditional curriculum has problems such as a slow
update of knowledge in teaching materials, poor ability of students to develop com-
prehensive systems, lack of practical projects in course content set, and poor hands-on
ability of students [19], and the emergence of virtual reality technology has solved these
problems. Wang, Z.Y &Wang, Y. et al. pointed out that the development of virtual real-
ity technology, has played a positive role in the teaching effect of 5-year undergraduate
students in clinical medicine, its use in medical education has a better prospect, and VR
application in clinical medicine teaching has become a new trend and hot spot [20]. The
intercultural art courses studied in this paper are abstract theoretical courses, and the
cultural and artistic differences between different peoples and countries cannot be fully
demonstrated in theory. More practical visits are needed, and offline practice is more
restricted. At the same time, the development of online teaching is necessary for the
present epidemic situation. We discuss whether virtual reality technology can be useful
in intercultural art courses, and provide some ideas for moving from offline to online
teaching in other similar courses.

3 Experiment Design

In order to determine whether virtual reality technology can play an effective role in
teaching cross-cultural art courses, we targeted the integration of virtual reality technol-
ogy with a cross-cultural art course in a Chinese school. The Cross-cultural Arts course
is a required course for cross-cultural communication studies, and the course includes
both theoretical and practical knowledge. We arranged the course for the experimen-
tal group to use virtual reality technology to learn theoretical knowledge and practical
courses of cross-cultural art, and the course for the control group to have the teacher
talk about theoretical knowledge, followed by a practical investigation. The purpose of
our study is to investigate the effect of virtual reality technology on students’ learning
interests and attitudes in teaching cross-cultural art courses.

3.1 Experimental Participants

In this study, 20 students (10 males and 10 females) were randomly selected as the
control group and 20 students (10 males and 10 females) as the experimental group in
a school in China. There were no major differences in basic information between the
two groups, and both students had taken cross-cultural arts courses and had a prelimi-
nary understanding of cross-cultural arts programs. The control group uses a traditional
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teaching model in which the instructor talks about the theoretical knowledge, followed
by a practical examination. The experimental group used virtual reality technology for
teaching. Teachers used virtual reality for classroom teaching and students used VR
for learning. All teaching activities are conducted by a professor with many years of
experience in education, and who has extensive theoretical and practical knowledge of
teaching cross-cultural art courses, ensuring that there is no significant difference in the
prior knowledge of the two groups of students. Finally, a questionnaire survey on interest
in learning and attitude toward learning is organized.

3.2 Measurement Method

The research instrument for this study included a questionnaire survey on students’
interests and attitudes toward learning. The questionnaire was divided into two sections,
interest in learning and attitude toward learning. The Interest in Learning section contains
five questions, scored on a scale of 1–5. The attitude toward learning section contains
five questions, scored on a scale of 1–5.

3.3 Experimental Procedure

The experimental procedure is shown in Fig. 1. The students in the experimental group
accepted the teaching mode using virtual reality technology, while the students in the
control group accepted the traditional teachingmode, and both the experimental and con-
trol group students had already studied the cross-cultural art course and had a preliminary
understanding of the cross-cultural art course. Finally, a questionnaire tomeasure interest
in learning and attitude towards learning is organized.

Fig. 1. The experimental process

4 Experimental Results

4.1 Analysis of Interest in Learning

An independent sample t-test was used to analyze students’ interest in learning cross-
cultural art courses under the traditional teaching mode and under the virtual reality
technology teaching mode. As shown in Table 1, the results of the study show that the
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Level of interest in cross-cultural art courses: Presents a 0.01 level of significance (t=−
4.056, p= 0.000), as well as specific comparative differences can be seen that the mean
of the experimental group (4.65), is significantly higher than the mean of the control
group (3.65).Conscientiousness in lessons in cross-cultural art courses: Presenting a
0.01 level of significance (t = −3.894, p = 0.001), as well as specific comparative
differences can be seen that the mean of the experimental group (4.65), is significantly
higher than the mean of the control group (3.75).Satisfaction level of cross-cultural art
courses: Presenting a 0.01 level of significance (t = −3.637, p = 0.001), as well as
specific comparative differences can be seen that the mean of the experimental group
(4.7), is significantly higher than the mean of the control group (3.85).Initiatives for
learning cross-cultural art courses: Presenting a 0.01 level of significance (t = −3.793,
p = 0.001), as well as specific comparative differences can be seen that the mean of
the experimental group (4.7), is significantly higher than the mean of the control group
(3.8). Level of knowledge of cross-cultural art programs: Presenting a 0.05 level of
significance (t = −2.657, p = 0.013), as well as specific comparative differences, can
be seen that the mean of the experimental group (4.55), is significantly higher than the
mean of the control group (3.9). The total score showed a 0.01 level of significance (t
= −3.6074, p = 0.000), as well as specific comparative differences, can be seen in the
mean of the experimental group (4.65), which was significantly higher than the mean of
the control group (3.79).In conclusion, it can be seen that students who learn with virtual
reality technology show significant differences in their interest in learning from those
who learn with traditional teaching mode, and the average value of those who learn with
virtual reality technology is higher than those who learn with traditional teaching mode.

Table 1. Research findings on learning interest

Learning interest group N average SD t p

Level of interest in
cross-cultural art courses

Traditional 20 3.65 0.99 −4.056 0.000**

VR 20 4.65 0.49

Seriousness of learning in the
cross-cultural art classroom

Traditional 20 3.75 0.95 −3.894 0.001**

VR 20 4.65 0.91

Satisfaction with cross-cultural
art courses

Traditional 20 3.85 0.93 −3.637 0.001**

VR 20 4.7 0.47

Initiative in learning about
cross-cultural art courses

Traditional 20 3.8 0.95 −3.793 0.001**

VR 20 4.7 0.47

Level of knowledge of
cross-cultural art programs

Traditional 20 3.9 0.97 −2.657 0.013*

VR 20 4.55 0.51

Total Traditional 20 3.79 0.958 −3.6074 0.000**

VR 20 4.65 0.57

* p < 0.05** p < 0.01
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4.2 Analysis of Learning Attitudes

An independent sample t-test was used to analyze students’ attitudes toward learning
in cross-cultural art courses under the traditional teaching model and under the virtual
reality technology teaching model. As shown in Table 2, The results of the study show
that, Student engagement in cross-cultural arts courses: Presenting a 0.01 level of sig-
nificance (t = −3.3, p = 0.003), as well as specific comparative differences can be
seen that the mean value of the experimental group (4.65), is significantly higher than
the mean value of the control group (3.75).Degree of completion of cross-cultural art
coursework: Presenting a 0.01 level of significance (t = −3.55, p = 0.001), as well as
specific comparative differences can be seen that the mean of the experimental group
(4.65), is significantly higher than the mean of the control group (3.8).Student-teacher
interaction in cross-cultural art courses: Presenting a 0.01 level of significance (t = −
3.15, p= 0.003), as well as specific comparative differences can be seen that the mean of
the experimental group (4.6), is significantly higher than the mean of the control group
(3.7).The extent to which you collaborate with your classmates to explore problems in
cross-cultural art courses when you encounter them: Presenting a 0.01 level of signifi-
cance (t = −4.12, p = 0.000), as well as specific comparative differences can be seen
that the mean of the experimental group (4.7), is significantly higher than the mean of
the control group (3.7).Cross-cultural art course learning atmosphere: Presenting a 0.01
level of significance (t=−4.03, p= 0.000), as well as specific comparative differences
it is known that the mean of the experimental group (4.6), would be significantly higher
than the mean of the control group (3.55).The total score showed a 0.01 level of signifi-
cance (t=−3.63, p= 0.001), as well as specific comparative differences that show that
the mean of the experimental group (4.64), would be significantly higher than the mean
of the control group (3.7).In summary, it can be seen that students learning with virtual
reality technology showed significant differences in their learning attitudes from those
learning with the traditional teaching mode, with students learning with virtual reality
technology perceiving higher motivation to learn the course than those learning with the
traditional teaching mode, and higher mean values for all other learning attitudes than
those learning with the traditional mode.

Table 2. Research results of learning attitudes

Learning interest group N average SD t p

Level of commitment to classes in
cross-cultural arts programs

Traditional 20 3.75 1.07 −3.3 0.003**

VR 20 4.65 0.59

Cross-cultural Art Course Assignment
Completion

Traditional 20 3.8 0.95 −3.55 0.001**

VR 20 4.65 0.49

Degree of interaction with teachers in
cross-cultural art courses

Traditional 20 3.7 1.03 −3.15 0.003**

VR 20 4.6 0.75

(continued)
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Table 2. (continued)

Learning interest group N average SD t p

The extent to which you collaborate with
your classmates to discuss problems you
encounter in cross-cultural art courses

Traditional 20 3.7 0.98 −4.12 0.000**

VR 20 4.7 0.47

Overall classroom learning atmosphere
in cross-cultural art courses

Traditional 20 3.55 1.05 −4.03 0.000**

VR 20 4.6 0.5

Total Traditional 20 3.7 1.016 −3.63 0.001**

VR 20 4.64 0.56

* p < 0.05** p < 0.01

By comparing the results of the questionnaire survey between the control group and
the experimental group, the students in the experimental group had higher classroom
interest, learning initiative, and satisfaction with classroom teaching than the students
in the control group. Students in the control group reported that the class content was
boring and their participation was low, while students in the experimental group reported
that the class content was rich and interesting and their participation was high. Virtual
reality technology has significantly increased the fun and engaging nature of learning in
the course, and it is hoped that other experimental courses can be taught in this way.

5 Discussion and Conclusions

This study found that the traditional teaching course content is more fixed, the teaching
method is more single compared with the virtual reality technology teaching mode,
students are not highly motivated, and it is lacking in meeting students’ learning needs.
The practical courses require students to go on more practical visits, which are more
expensive and costly. At the same time, due to the different policies around the epidemic,
students face great risks and obstacles in their practical visits to meet the needs of
the course objectives. The use of virtual reality technology combined with traditional
teaching can better and more effectively solve these problems. It also helps students
to better experience different cultures and increase their interest in cross-cultural art
courses. It also reduces the physical and financial pressure brought by practical visits
and the hindrance of field research in the era of epidemics, andmore effectively improves
learning efficiency and contributes to the cultivationof professional talents.Also, because
students from different cultural backgrounds have different ideas and concepts about
cross-cultural art communication. In the face of the epidemic era, the different cultural
backgrounds of students, and the influence of their living environment, we propose a
teaching model that combines virtual reality technology with traditional teaching. Using
virtual reality technology, we can teach cross-cultural art courses very well.

Based on the results of this study, there are some suggestions for future research,
Firstly, the experimental course can be more enriched, and secondly, the capacity of the
questionnaire can be larger. There are also some issues to keep inmind,most schools have
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very few virtual reality resources developed for teaching, and the shortage of curriculum
resources is the biggest bottleneck in the promotion of virtual reality technology in some
schools. However, with the rapid development of virtual reality technology, the future
application of virtual reality technology in teaching is bound to bring about disruptive
changes in classroom teaching methods. However, more experiments and research are
needed on how to better use virtual reality technology in classroom teaching.

Funding. This work was supported by 2022 Educational Teaching Reform Research Project of
Xiamen University of Technology (Funding Number: JG202257).

References

1. Li, J.: Cross-cultural art history and the community of human destiny: the multipath
advancement from Sullivan to Chinese scholars. Art Observ. 01, 75–81 (2022)

2. Dong, L.H.: Living art history: cross-cultural research as a new methodology in art history:
a review of “cross-cultural art history: images and their double shadows.” Grand View Fine
Arts 02, 33–37 (2021)

3. Li, Z.: The Application of virtual reality technology (VR) in experimental teaching of Inter-
cultural communication courses under the background of new liberal arts. Lab. Res. Explor.
(4), 240–245 (2022). https://doi.org/10.19927/j.carolcarrollnkisyyt.2022.04.050

4. Cui, H.J., Cheng, M.H.: Digital media art teaching strategies based on virtual reality
technology. J. Shanxi Univ. Financ. Econ. S2, 125–127 (2022)

5. Liu, C.R.: Theoretical construction of the beauty of cross-cultural art – comments on the
aesthetics of cross-cultural art by Wang yichuan. Art Hundred 04, 215–218 (2020)

6. Xiong, J.Q., Yan, J.W.: New exploration of interdisciplinary and cross-cultural art research –
review of world art research: concepts andmethods. J. InnerMongolia Univ. Arts 02, 156–161
(2022)

7. Yu, L.Q.: The objects and their validity in world art history and intercultural art history -- a
response to David carrier’s theory. Art Res. 4, 110–115 (2022). https://doi.org/10.13318/j.car
olcarrollnkimsyj.2022.04.011

8. Sun, J.: The cross-cultural studies in the field of art history -- review of the history of cross-
cultural art: images and their double shadows. Fine Arts Study 6, 107–111 (2020). https://
doi.org/10.13318/j.carolcarrollnkimsyj.2020.06.018

9. Xia, Y.J.: Discussion on the basic structure of art history research in the cross-cultural context.
Art Rev. 12, 8–24. https://doi.org/10.16364/j.cnki.cn11-4907/j.2022.12.001

10. Akdere, M., Acheson, K., Jiang, Y.: An examination of the effectiveness of virtual reality
technology for intercultural competence development. Int. J. Intercult. Relat. 82, 109–120
(2021)

11. Huang, G., Zeng, J.S.: Research status, hotspots and trends of virtual reality technology. Educ.
Informatization China 10, 49–57 (2022)

12. Clark, D.B., Tanner-Smith, E.E., Killingsworth, S.S.: Digital games, design, and learning: a
systematic review and meta-analysis. Rev. Educ. Res. 86(1), 79–122 (2016)

13. Alhalabi, W.: Virtual reality systems enhance students’ achievements in engineering educa-
tion. Behav. Inf. Technol. 35(11), 919–925 (2016)

14. Marks, B., Thomas, J.: Adoption of virtual reality technology in higher education: an eval-
uation of five teaching semesters in a purpose-designed laboratory. Educ. Inf. Technol. 27,
1–19 (2021)

https://doi.org/10.19927/j.carolcarrollnkisyyt.2022.04.050
https://doi.org/10.13318/j.carolcarrollnkimsyj.2022.04.011
https://doi.org/10.13318/j.carolcarrollnkimsyj.2020.06.018
https://doi.org/10.16364/j.cnki.cn11-4907/j.2022.12.001


302 W. Wu et al.

15. Wang, L.,Wang, Z.: The application of virtual reality technology in local vocational education.
China Mod. Educ. Equipment 22, 70–73 (2022). https://doi.org/10.13492/j.carolcarrollnki
cmee.2022.22.011

16. He, M.: Renmin university of china: virtual reality technology drives innovation in art
experimental teaching. Online Learn. 12, 46–47 (2022)

17. Wu, W.L., Hsu, Y., Yang, Q.F., et al.: A spherical video-based immersive virtual reality
learning system to support landscape architecture students’ learning performance during the
COVID-19 Era. Land 10(6), 561 (2021)

18. Wu,W., Zhao, Z., Du, A., Lin, J.: Effects of multisensory integration through spherical video-
based immersive virtual reality on students’ learning performances in a landscape architecture
conservation course. Sustainability 14(24), 16891 (2022)

19. Shi, Z.: Teaching reform of “virtual reality technology” from the perspective of professional
certification of engineering education. Wirel. Internet Technol. 07, 146–147 (2021)

20. Wang, Z.Y.,Wang,Y., Zhai, J.B.: Application of virtual reality technology in clinicalmedicine
teaching. Ind. Sci. Technol. Innov. 02, 65–67 (2022)

https://doi.org/10.13492/j.carolcarrollnkicmee.2022.22.011


Research on STEAM Maker Education Mode
to Improve Children’s Innovation Ability

in Shenzhen

Cai Xia1,2,3(B)

1 Beijing Technology Institute, Zhuhai 519088, People’s Republic of China
34640112@qq.com

2 Bangkokthonburi University, Bangkok 10170, Thailand
3 The Institute of Greater Bay Area Development, Beijing Institute of Technology, Zhuhai,

China

Abstract. Since entering the 21st century, innovation has become the develop-
ment tendency, the emergence of the term “Maker” has led the development of the
global maker movement. The original meaning of the word “maker” is “creator”.
While nowadays, “Makers” put more emphasis on interest-based practices that
can be turned into products but are not for-profit. “Maker” education is a new
education model based on innovation and entrepreneurship education which can
improve students’ creative thinking, cultivate their hands-on ability and practical
spirit. STEAM education model is short for science, technology, engineering, art,
and mathematics, which was first put forward in the United States in 1980. From
the practical perspective, many researchers suggest that the STRAM education
model is benefit for improving the national competencies, improving the science
awareness in the whole society, and making students to get higher income and
greater job security. Shenzhen has firmly grasped the opportunity of maker edu-
cation and issued several policies and regulations, but it also needs to be further
improved. By reviewing the existing literature, this paper suggests that for the
construction of maker education in Shenzhen, they should construct systematics
curriculum, make full use of “5E” model, establish a sound evaluation system,
and focus on cultivating comprehensive ability.

Keywords: STEAM model ·Maker Education · Innovation Ability

1 Introduction

Since entering the 21st century, innovation has become the development tendency, espe-
cially the cultivation of innovation ability for children and teenagers has become a hot
topic in the field of education. The emergence of the term “Maker” has led the develop-
ment of the global maker movement. With the continuous progress of the global maker
movement, it has brought new development opportunities for the innovative reform of
education. STEAM education model integrates modern information technology, grad-
ually forming a complete educational research model from the United States and has
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been widely recognized in the world. Although “maker” education has not been unified
in a clear definition, it is widely recognized in the field of education. The development
of STEAM model is also widely applied in the field of education in our country.

The original meaning of the word “maker” is “creator”. In the earliest days, “maker”
refers to the independent creators of small-batch production based on the background of
industry 4.0 and the Internet era. In the continuous development, the word “maker” has
been endowed with more connotations. And “maker education” is an educational con-
cept aiming at cultivating future makers. STEAM education model integrates science,
technology, engineering, art, and mathematics. With the continuous improvement of
STEAM model, how to apply STEAM model to carry out maker education has become
a hot research topic in the field of education. However, due to the differences in social
background, regional differences and student characteristics, how to establish a sound
STEAM evaluation system based on the current social background and make the culti-
vation of innovation consciousness become the normal state of education is important
research on the localization of STEAM model maker education.

Shenzhen has firmly grasped the opportunity of maker education. In order to better
improvemaker education in primary and secondary schools, Shenzhen has issued a num-
ber of policies and regulations. From the perspective of curriculum,Shenzhen encourages
students to actively identify problems in maker education and cultivate craftsman spirit.
A maker target is designed for primary school, middle school, and high school. The
curriculum focuses on three contents: information technology maker, art design maker
and creative production maker. In the course implementation process, STEAM educa-
tion strategy is integrated to strengthen the integration of interdisciplinary resources and
strive to help students out of the classroom and develop in an all-round way.

This paper aims to explore how the STEAM-based maker education system can
improve individual’s innovation ability in terms of improving the innovation capacity in
the whole society. This paper will review the content of STEAMmodel, maker education
and related theories, and find out the effect of STEAM maker education model on
improving children’s innovation ability in Shenzhen by studying the existing literature.
In addition, it will provide suggestions to schools or educational institutions based on
relevant content.

2 Literature Review

2.1 “Maker” Education

In 2015, the word “maker” was included in the government work report. The original
meaning of maker is creators, which mainly refers to those creative implementers based
on interests, good at cooperation and sharing, and capable of continuous innovation
(Anderson 2012). But in general, there are essential differences between “makers” and
“creators”. “Makers” put more emphasis on interest-based practices that can be turned
into products but are not for-profit.

“Maker” education is a new education model based on innovation and entrepreneur-
ship education. Thismodel can improve students’ creative thinking, cultivate their hands-
on ability and practical spirit, and pay attention to systematics learning and personalized
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knowledge construction in the teaching process (Halverson and Sheridan 2014). Tradi-
tional innovation education focuses on thinking training, while “maker” education focus
more on the practice oriented. Toombs et al. (2014) analyzed six cases and found that
to become a real “maker”, sensitivity should be enhanced, attitude of maker should be
cultivated, and community awareness should be developed. Meanwhile, they found that
the process of becoming a maker has an important relationship with the operation of the
maker space itself. Nilsson (2012) divided makerspace into infrastructure and commu-
nity construction. The former is mainly about the construction of makerspace, while the
latter invites people from different backgrounds to participate in makerspace activities.
Nilsson (2012) also believes that organizations should identify user needs in this process
and attract more people with different interests to join the space.

In practice, the United States was the first to start the practice of “maker” education.
At present, nearly 100 universities in the United States have opened Maker Spaces, such
asMassachusetts Institute of Technology, StanfordUniversity,Hawaii PacificUniversity,
etc. (Kleinknecht et al. 2015). Led by the United States, “maker” education has become
popular all over the world. The Netherlands’ fab Class--”maker” club has clear rules
and regulations and gathers physics, chemistry, mathematics, information technology,
and other courses to stimulate students’ learning enthusiasm and creativity. On the other
hand, “maker” education in China is based on learning from other countries’ education
models and relevant theories and cases. Some scholars believe that creation is the way
to learn, and the result of learning is the product. Zheng Yanlin (2015) proposed that
from the level of consciousness, we should attach importance to the value of “maker”
education, pay attention to the overall design of “maker” education, and strive to create
a maker space. In practice, some developed areas in our country have begun to perfect
the education of makers, as represented by Wenzhou, Beijing, Shanghai and so on.

In general, foreign research on “maker” education is more systematics and perfect.
In our country, “maker” education is still mainly focused on the research of one aspect.
So far, the theory is relatively trivial. Although systematics ideas have been formed,
there is still a long way to go before the establishment of a perfect education system
for makers. Therefore, how to localize “maker” education, reduce blind technology
worship, and strengthen the integration with existing learning is an important issue in
the development of “maker” education at present.

2.2 STEAM Model

STEAM education model is short for science, technology, engineering, art, and mathe-
matics, whichwas first put forward in theUnited States in 1980. From the definition point
of view, there are different definitions of STEAM education in academic. Some scholars
believe that STEAM education is a complete integration of five disciplines (Clapp and
Jimenez 2016; Glass and Wilson 2016; Guyotte et al. 2015; Liao et al. 2016; Wynn
and Harris 2012), while others believe that STEAM education is a cross-disciplinary
education consists of some of the five disciplines (Clary 2016; Gates 2017; Gershon
and Ben-Horin 2014; Grinnell and Angal 2016), and a small number of scholars believe
that STEAM education is the embedding and integration of art into STEM education
(Ghanbari 2015; Kant et al. 2015; Kim and Bolger 2017).
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The STEAM education model can be divided into three stages. The first stage is
the study of the relationship between STS (science, technology, and Society), aiming to
improve the scientific culture of the whole society. The second phase is STEM educa-
tion, which raises the focus of mathematics and science education in the United States,
believing that STEM education can keep it in the leading position in the world. In the
third stage, Yakman and his team added art to the STEM model in 2006, enriching the
STEAM education model. From the perspective of the training objectives of STEAM
education model, in the early 21st century, OECD summarized the successful literacy
of learners into four dimensions: knowledge, skills, characteristics and original learning
(Fadel et al. 2017). In 2002, the P21 Alliance of the United States proposed 4C ability
system, including communication ability, corporation, critical thinking, creativity and
innovation (EDLeader21, 2019), and STEAMeducation added the innovation dimension
in 2007.

The importance of STEAM education can be seen at the national, regional, and
individual levels. Firstly, STEAM education mode is conducive to improving the overall
scientific and technological strength of the country andmaintaining national competitive-
ness (Department of Commerce, 2012). Secondly, STEAM education helps to improve
the knowledge of all citizens about science and further enhance the scientific literacy of
all citizens (Bencze and DiGiuseppe 2006). Thirdly, students with STEAM education
are more likely to get higher income and greater job security in their jobs. Therefore,
high quality STEAM education not only enables students to acquire comprehensive
knowledge, but also enables students to achieve greater success in work and society.

3 Practical Suggestions

3.1 Construct Systematics Curriculum

STEAM model is a relatively new interdisciplinary education framework. Teaching
organizations need to give full consideration to the practice of science, technology, engi-
neering, and mathematics in teaching and add art elements. Yakman (2008) proposed
the STEAM Interdisciplinary Teaching framework (Fig. 1). Curriculum construction
based on this framework can be interactive in the five areas. The relationship between
the five elements of STEAM is explained as science and technology explained through
engineering and art, all of which are based on mathematical elements (Yakman 2008).
We need to help students transfer knowledge between these disciplines through the con-
struction of systematics courses, so that students can acquire higher-order thinking and
innovation ability. Students who participate in STEAMmodel not only learn knowledge
in a single field, but more importantly, become life-long holistic. This will help them
better understand other disciplines, perspectives, and cultures.

Shenzhen has explained the practical curriculum of Maker education in the Guide to
the Construction of Maker Education Curriculum for Primary and Secondary Schools in
Shenzhen. Curriculum design revolves around thinking training, aesthetic training, tool
training as the carrier, let students immerse in the reality needs. Through the analysis
of practical problems, students can understand how to apply knowledge. However, in
terms of the overall curriculum design, it still tends to be isolated and separate curriculum
design, unable to integrate various courses well, which has a negative impact on students
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Fig. 1. STEAM: A framework for teaching across the disciplines (Yakman 2008)

to solve complex problems and new problems. Therefore, in terms of overall curriculum
design, Shenzhen needs to combine STEAM model to carry out systematic and holistic
curriculum construction, with the ultimate goal of cultivating life-long holistic.

3.2 Make Full Use of “5E” Model

The view on learning in constructivism theory clearly points out that learning in the
process of education in which individuals actively construct knowledge rather than pas-
sively accept knowledge taught by teachers. Constructivism student theory holds that
students are the subject of learning, and learning is a process inwhich individuals process
information and build new knowledge with the help of other individuals. Based on the
above theory, creating learning situation is the first step of construction. Therefore, in the
STEAMeducationmodel, learning situations need to be constructed according to certain
social background. In this process, education should apply the “5E” model in teaching
(Fig. 2). The 5E framework model is a cyclic approach to learning designed to guide
students to perfect learning activities by engaging, exploring, explaining, elaborating,
and evaluating the five activities.

5E teachingmodel is useful to help students explore practice, which can help students
focus on scientific content and provide a scientific way of thinking (DeBoer 1991).
Starting from the theory of social construction, 5Emodel can cultivate students’ scientific
thinking mode and scientific thoughts in work (Skamp and Peers 2012). The 5E model
begins with engage, requiring students to be able to participate in discussions and ask
questions at the end. Secondly, students enter the explore stage, where they explore
related concepts through collaboration and practical activities. Thirdly, the students went
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Fig. 2. The 5E Instructional model (Chu et al., 2019)

into the explain part, where they explained the differences that they felt to each other.
Fourthly, the students went into the elaborate part, and modified the related concepts
explored in the first stage according to the teaching materials provided by the teacher.
Finally, they enter the evaluate stage to accurately evaluate the problems raised earlier.
After completing the evaluate phase, they re-enter the engage part of the next problem,
and finally form a closed-loopmode of learning. Therefore, this model is also considered
suitable for education with cross-cultural background.

In summary, when using STEAMmodel formaker education, educators shouldmake
full use of 5Emodel and let students participate in 5E activities. Based on constructivism
theory, learning is a process inwhich individuals actively build knowledge.When design-
ingmaker education, Shenzhen shouldmake it clear that learning is a process for students
to establish a knowledge system, rather than a process of passively absorbing knowledge
taught by teachers. Therefore, the curriculum construction of maker education should
follow the 5E model, which makes students fully engage in the process of discovering
problems, explore each other freely, and try to explain the existing problems. At the
elaborate stage, teachers will provide teaching resources, and ultimately, students will
evaluate the problem-solving result. Only by following the 5Emodel in the overall course
design can students’ innovation ability be better cultivated. Therefore, building 5Emodel
under STEAM education mode is conducive to cultivating students’ innovation ability
and realizing the purpose of “maker” education.
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3.3 Establish a Sound Evaluation System

STEAM education is a very important educational content. It is of great significance for
teaching activities to integrate STEAM systematics learning engineering and purpose
and build STEAM comprehensive learning evaluation system. Emily et al. (2014) raised
theoretical model of STEAM Common Measurement System (Fig. 3). In this model,
STEAM learning process and evaluation system are constructed from four dimensions:
school level supports, professional development, educator practice and student learn-
ing. From the model, academic identity, motivational resilience, higher-order cognitive
skills and application of conceptual knowledge are not only the main goal of STEAM
education, but also the main index of STEAM evaluation system. The STEAM Com-
mon Measurement System model is student-centered and coordinates schools, teach-
ers and students to carry out STEAM learning process. On the School level supports,
transformational leadership provide support for interdisciplinary instructional planning
throughout the STEAM system. STEAM collaboration, professional development and
learning resource supply at the teacher level provide support for STEAM system practice
activities.

Fig. 3. STEAM comprehensive learning evaluation system (Emily et al., 2014)

In this model, the four evaluation objectives given by STEAM common measure-
ment System are crucial. First of all, the application of conceptual knowledge is very
important in thismodule. In contrast to traditional views of education, the STEAMmodel
argues that education should focus more on the process of understanding and thinking,
rather than on metrics such as definitions or algorithms. The STEAM model focuses
on the application of concepts and understanding of knowledge rather than memoriza-
tion. Sliva (2009) believes that what is more important for students is what they can do
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with knowledge, rather than the knowledge themselves. Secondly, higher-order cogni-
tive skills mean that students should have the ability to solve problems, which includes
discovering, analyzing and solving complex problems, applying knowledge and skills
to solve a new problem or situation, and evaluating an appropriate solution. Thirdly,
academic identity and motivational resilience can help students work hard and persist in
difficulties and setbacks. These include high quality student participation in academic
work (Skinner et al. 2009), adaptive strategies in the face of difficulties and setbacks
(Skinner and Wellborn 1997).

At present, the evaluation principles of maker education in Shenzhen mainly focus
on the principle of process, comprehensiveness, diversification, and incentive. In the
evaluation content, the core layer pays attention to students’ problem finding and scheme
planning ability, the middle layer pays attention to students’ tool skills and practical
operation ability, and the outer layer pays attention to students’ communication and
resource collaboration ability. As can be seen from the model in Fig. 3, a complete
evaluation of the STEAM maker education system should include four dimensions, as
well as a target evaluation of maker education. Only by the overall evaluation based
on STEAM Common Measurement model can we improve the construction of maker
education more effectively. Therefore, Shenzhen’s evaluation of the STEAM maker
education model should follow the complete theoretical model in Fig. 3.

3.4 Focus on Cultivating Comprehensive Ability

The STEAM system is a robust, economically, and socially adaptable framework that
includes multidisciplinary practices aimed at developing more innovation capacity of
Citizens. Therefore, to conduct “maker” education in STEAM mode, attention should
be paid on the cultivation of individual comprehensive ability. The goal of STEAM
is to foster lifelong learning for individuals, who, under the influence of internal and
external influences, make the best use of the knowledge that they are exposed to for
understanding. However, due to the differences between individuals and their different
backgrounds, education should not be about imparted stereotypical definitions, but about
how to solve problems with knowledge. In the STEAM mode, based on the five subject
fields of science, technology, engineering, art and mathematics, individuals can better
view complex and emerging problems comprehensively. As shown in Fig. 1, the entire
STEAM system should be built as a system of courses that are intrinsically linked and
allow students to delve deeper into specific topics of interest to them. These fields can
be studied separately or divided into special groups in different fields, which will be
helpful to educational practice and of great significance to the cultivation of students’
comprehensive ability.

In the design of the overall goal of maker education, Shenzhen mainly sets goals
from three dimensions: craftsman spirit, maker ability and industrial knowledge. Inter-
disciplinary integration is also considered in the course setting. The guide requires that
at least one topic of study should be completed in each semester, which cannot meet the
requirements of STEAM maker education model. When carrying out maker education,
the design of course content, experiment activities and practice activities should take full
account of the cultivation of students’ comprehensive ability. Instead of simply stacking
the contents of different disciplines, the contents of various disciplines should be fully
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integrated. Only by cultivating students’ comprehensive ability can they further improve
their ability to solve complex problems and their persistence in the face of setbacks, thus
improving their overall innovation ability.

4 Conclusion

“Makers” put more emphasis on interest-based practices that can be turned into products
but are not for-profit. “Maker” education is a new education model based on innovation
and entrepreneurship education which can improve students’ creative thinking, culti-
vate their hands-on ability and practical spirit. STEAM education model is short for
science, technology, engineering, art, and mathematics. From the practical perspective,
many researchers suggest that the STRAM education model is benefit for improving
the national competencies, improving the science awareness in the whole society, and
making students to get higher income and greater job security.

Shenzhen has firmly grasped the opportunity of maker education and issued several
policies and regulations, but it also needs to be further improved. By reviewing the
existing literature, this paper suggests that for the construction of maker education in
Shenzhen, they should construct systematics curriculum, make full use of “5E” model,
establish a sound evaluation system, and focus on cultivating comprehensive ability.
Only by taking these measures can Shenzhen further improve the quality of STEAM
maker education.
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Abstract. The paper presents a research on how to apply Design Based Learning
in STEAM curriculum at primary schools, with a particular focus on exploring
the design factors of teaching aids that may support children’s learning. Building
on insights from literature regarding the role of teaching aids in design practices,
several design factors have been identified and guidelines for teaching aids design
have been developed too. In the end, we design some teaching aids based on these
guidelines in order to test its validity. The result show that the teaching aids with
certain design factors could support children’s design practices in learning.

Keywords: Design Based Learning · Children · Design Factors · Teaching Aids

1 Introduction

“Design-related activities are important in the primary school because they enable
children to understand the world, because they play an important part in children’s
intellectual and emotional development, and because they make an important
contribution to children’s work in all parts of the school curriculum.” [1]

Design Council of UK, 1987, P140

Design not only shape the physical world but also our mindset as design could
be viewed as a process of learning in K-12 classroom. The so-called Design-Based
Learning (DBL) are related approaches to learning that apply the tenets of design thinking
in a project-based learning context [2], especially in the STEAM curriculum. DBL
encourages children to construct knowledge by themselves and learn from partners.
Meanwhile, the design-related learning activities in the primary school is more than a
separate subject, they are something for which provide opportunities across the school
curriculum. These learning activities include planning, devise tests, experiments and
making products to solving problems and it can give rise to thinking, questioning and
discussing.

Recent years, DBL increasingly employs technology-based teaching aids, e.g., Lit-
tlebits and LEGO education kits, etc., to support STEAMcurriculum [3]. These teaching
aids play an important role in DBL as children need to learn though the interaction with
toolkits. Meanwhile, children also need teaching aids as scaffolding tools to express
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their ideas. The design factors [4] of these toolkits inform the emotions, cognitive load
and attitude of learners, and finally shape their learning activities. This research aims
to explore the design factors of teaching aids and try to develop guidelines for teaching
aids design based on these factors.

1.1 Design Factors of Teaching Aids

Design Factors (DF) are the design methods and elements applied by designers in con-
figuring products [4]. DF have both positive and negative impacts on users, and may
shape their behavior. In the case of DBL, DF of learning environment may shape the
learning activities of learners. DF comprises a set of design features of teaching aids,
for example, “good affordance of product styling features” “overload information on
the surface” are DF of teaching aids which could bring positive and negative impacts on
DBL of children.

1.2 Design Based Learning in Primary School Curriculum

DBL is an inquiry-based pedagogy which integrates design thinking and design prac-
tices into classroom teaching, by engaging students in the process of idea generation,
developing and evaluating the artifacts, systems and solutions they designed [5]. DBL
has been considered as an instructional approach engaging students in real-life problems
solving while reflecting on learning process [6]. It also has been defined as an educa-
tional approach grounded in the processes of inquiry and reasoning towards generating
innovative artifacts, systems and solutions [7]and it employs the pedagogical insights
from not only the problem-based learning but also the scenario of problems solving as
design assignments [8].

Through compare with different type of DBL pedagogies, like Learning by Design
[9], Design Inquiry of Learning and Design Based Understanding, I summarize some
shared character of DBL as below:

Shared Features Characters of DBL in Primary School

Open-ended • No unique solution is given
• Search alternatives and solutions
• Students define the problem, the goals and the specifications
• No specification is given. Students are requested to determine own
procedures and testing plan

• Incomplete information is provided at the start. Process of consultation
and questioning help to arrive to a fully developed specification

• Freedom in task implementation to encourage diversity in design
approaches

• Project proposal based on project planning and implementation
• Case reasoning approach to solve problems
• Design methodology involved in set up of project activities

Hands-on
Experiences

• Students apply theory in practical schemes
• Learn from iterations
• Design methodology embedded in projects
• Encouraging reflection based on experiencing

(continued)
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(continued)

Shared Features Characters of DBL in Primary School

Authentic
Scenarios

• assignments represent real-world problems with realistic scenarios
• Link project activities to real social challenges

Multidisciplinary • The content of curriculum is integrated t from multidiscipline
• Tutors form different disciplines involved in project

In conclusion, DBL needs learning environment with authentic scenarios and open-
ended learning tasks, meanwhile, children need well designed toolkits to help them get
hands-on learning experiences.

1.3 Teaching Aids for DBL

DBL could benefit both instructors and students in primary school through providing
effective teaching aids. Noel and Liub [10] claimed that learning design could bring
opportunities for a paradigmatic shift in primary-level education and design thinking
with toolkits as teaching scaffolding could help pupils master learning and innovation
skills. On teachers’ side, Davis [11] argued that the inclusion of design education in the
preparation of well design educational setting, which include space, toolkits and learning
tasks, could offer strategies for improving teaching and classroom learning.

In maker space, like Fablab, teaching aids enable children to engage in digital fab-
rication of various applications while children learn related knowledge and skills about
electronics and programming. These toolkits, like littleBits, legoWeDo, could help chil-
dren to capture their imaginations and express their ideas. Science DBL means learning
through dealing with various authentic challenges, providing children toolkits with DBL
opportunities may support low-threshold “making” of diverse solutions for various prob-
lems [12]. Many designers designed such toolkits as teaching aid for DBL (see Fig. 1),
mainly be used in STEAM curriculum.

Fig. 1. Two Teaching Aid designed for DBL: BOOKi (left) designed by Prof. Ding Junfeng;
Teaching With Design (right) designed by Prof. Caylee Raber
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2 Methodology

This research aims to explore how teaching aids can inform learning experience of
children in DBL. In order to answer research questions in three stages, a multi-method
methodology has been applied as below:

Stage Research Question Method Data
Collection

Data
Analysis

One How teaching aids
could inform learning
experience of children
in DBL?
What are the key themes
and contributing factors
of teaching aid design?

Literature
Review
Thematic
Analysis

66 recent articles that
from the experts’
perspectives represent
the most relevant
contributions to DBL
and teaching aids

Through thematic
analysis to identify 17
themes of in DBL
domain

Two What are the key design
factors of teaching aids
in DBL?
How these design
factors inform DBL
with educational design
perspective?

Thematic
Analysis

Interviews
Documents

open coding
selected coding

Three What are the guidelines
of teaching aid design
for DBL?

Action
Research

Observation
Field research
Questionnaires

Qualitative data
analysis based on the
feedback of interviews

3 Explore the Design Factors of Teaching Aids

Method: In order to identify the design factors of teaching aids, thematic analysis based
on literature review has been applies according to Braun’s 6-step framework of thematic
analysis [13].

Scope of theme: According to the learning network theory [14], learning experience
is shaped by task, setting and organizational forms of learners while design affects
learning indirectly through intervention in these three elements. Therefore, the thematic
analysis focus on the learning activities, task, setting and social situation, as they are
objects of educational design1.

Coding scheme: Coding on each segment of data is depended on whether it is rel-
evant to or captured something about research question: What are the key themes and
contributing factors of teaching aids for DBL?

With a learning network perspective, 17 main themes have been selected through
literature review as below:

1 Some themes are excluded, like teachers’ attitudes, parents support and local culture, as they
do not affect learners directly and not belong to the three objects of educational design. Some
themes related to educational policy and school management are excluded too as they are hard
to change as designers in China, even they are part of educational design.
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Dimension Theme Examples

Task Authentic learning tasks authentic learning tasks stimulate
meaningful and complex learning
[15, 16]; Placing high value on
authentic, real-world goals for
learning could encourage children
to inquire actively [17]

Opportunity to conduct design
project by pupils themselves

primary science and technology
education should give children the
opportunity to plan and devise
tests, experiments, and finished
products for themselves [1]

Relevant and meaningful
assignment

The design practices of children is
highly dependent on the
assignment at hand, relevant and
meaningful assignments are
imperative to design based
learning [18]

Dilemma challenge In order to encourage children to
take designerly stance towards
inquiry, dilemma challenge is
needed for design projects: there is
no unique, ‘correct’ view of the
problem, and there are numerous
possible intervention points [19],

Openness of design question openness of the concrete framing
was maintained so as to allow the
students to develop their ideas
freely [20];

Adapted Design Thinking Design thinking could diversify
the curriculum of informal school
age children education [21];
Design Thinking is an approach to
learning that focuses on
developing children’s creative
confidence through hands-on
projects [22]; Design-based
projects embed students
analogically to engineering design
with design thinking [23];
design-oriented scientific thinking
[24]

Empowerment Empowerment of children by
giving them a voice in design
could facilitate the development of
meaningful technologies [20]

(continued)



318 L. Yin

(continued)

Dimension Theme Examples

Iterations/ Backwards Thinking
in design approaches

Iterative tinkering can help
children build confidence in their
own capabilities and explore the
world they live in [25–27];
Discussion based on existing
knowledge and life experiences
contribute to radiant thinking
capability [28]; the growth of
understanding takes place through
iteration between designing and
making process [29]

Assistance for transforming
ideas

all children needed a considerable
amount of assistance from
teachers to sort out ideas and to
transform their ideas into
outcomes [30]; Children tend to
have more difficulty in verbalizing
their thoughts, especially when it
concerns abstract concepts and
actions (Piaget, 1971, 1973), so
assistance once necessary for
children should be provided in
time [20]

Considering individual
difference in design project

The progression was influenced by
children’s abilities at different ages
which need to be considered [30,
31]; tutors need to show respect
for individual differences when
responding the challenges
(Cowley et al., 1995)

Multiple evaluation Innovation cannot be evaluated
simply in terms of how much
students learn on some criterion
measure, it is necessary to use a
variety of evaluation techniques,
including standardized pre-and
post-tests and ongoing evaluations
of the class-room milieu [32]

(continued)
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(continued)

Dimension Theme Examples

Transpositional
Consideration/Empathy

(Transpositional Consideration)
could direct the students’ attention
away from their own personal
ideas to develop relevant concepts
for a specific context [20]
Getting “into character” and
answering those questions as they
think the body object would2

Designerly stance towards
wicked problem

Designerly stance towards inquiry
as an important part of design
literacy, children with designerly
stance tend to avoid simplified and
finalized solutions in design
project [19]

Physical
Setting

Toolkits D3 PROCESS TOOLKIT3 could
empower young people through
design; 3-D Body and History
Wall of the DBL course in San
Andres Timilpan4 facilitate
backwards thinking of children;
‘Hello Life’ toolkit is designed by
information design students at the
University of Pretoria aiming to
help children create awareness of
hygiene and infection risks [33];
LEGO™ help 5th grade students
construct scientific conceptions
about simple machines [34];
Integrating design tools into
science education naturally offers
students dynamic learning
opportunities [35]; youth will be
more able to frame design
problems holistically when they
are aware of the affordances and
constraints of the design tools [36]

(continued)

2 Source: https://www.cpp.edu/~dnelson/classroom.html.
3 Source: http://www.thecommonstudio.com/d3toolkits.

https://www.cpp.edu/~dnelson/classroom.html
http://www.thecommonstudio.com/d3toolkits
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(continued)

Dimension Theme Examples

Maker setting (maker setting) present new
opportunities for children to better
acquire skills [19, 37]; (maker
space) provide physical computing
platforms for children [38];
(maker space) enable bottom-up
ideation processes, and allow
children to better grasp digital
technology [39]

Narrative learning
environment/ Situated learning
scenario

a shared narrative environment
might be fruitful when designing
with children [40]

Local setting Introducing a child to a natural or
built area in the neighborhood can
open a world of wonder for them
to explore outside of school hours
expanding the time horizon of
learning [26]; Learning that takes
place in local settings contributes
to improved thinking and problem
solving skills [41]

Authentic setting Design projects within authentic
settings simulate engineering
practices and encourage students
work with multidisciplinary
perspective [42]; engineering
design provides children an
authentic context for science
investigation and therefore enables
their cognitive load of science
investigations to be shared within
a system [43]

Organizational Forms Role-exchanging Children are no longer testers or
information givers, they work as
experts of their daily life and
conduct the design
research……this provides more
insights [44]; thinking about on
designed objects and their context
could help children recognize the
role of the related social context
[45, 46]

(continued)
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(continued)

Dimension Theme Examples

(Team) Inclusive An inclusive setting could make
every child feel safe and have a
sense of belonging [47]; forming
meaningful connections among
students could build an inclusive
learning environment which
facilitates positive interaction [48]

In conclusion, teaching aids should provide leaners certain learning task, toolkits
and help mangers to form organizational forms. Well designed teaching aids could help
learners fully immerse in authentic scenarios, express their ideas correctly and easily.

4 Guidelines for Teaching Aids Design

4.1 Guidelines Based on Design Factors

Based on the identified DF, interview with professors and feed back from stokeholds,
some guidelines of teaching aids design have been developed as below:

1. The teaching aids need to be used in a maker setting with various toolkits. These
toolkits should have good affordance, low acceptance hurdle and easy to use.

2. Graphical information is needed and could provide authentic learning tasks and open-
ended learning questions.

3. The physical learning environment should fit the DBL, the character of learning
activities of children.

4. Teaching aids could help children exchange their ideas, express their imagines and
support design practices, like experiencing, analyzing and applying.

4.2 Apply Guidelines on Teaching Aids Design

In order to test the validity of guidelines, we conducted a design practice with an aim
to design toolkits for children, help them to learn Chinese traditional culture through
design. We designed some teaching aids as below:

1. Toolkits for self-designed woodcut (see in Fig. 2):
2. Toolkits for self-designed stitchwork (Fig. 3):

The design practices proved that the guidelines for teaching aids design could help
designers to design toolkits for DBL. Through apply the DF in teaching aids design, the
effectiveness of teaching aids could be enhanced.
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Fig. 2. Toolkits for children to design woodcut by themselves. (Designed by Zhan Hongqian,
Qian Haitao and O Xiaofeng)

Fig. 3. Toolkits for children design stitchwork (designed by Wang Junjie and Zhong Xuanqi)

5 Conclusion

Well-designed teaching aids could enable children to gain first-hand learning experience
inDBL. In teaching aids design, designers should think about theDF from three domains:
Task, Physical Setting andOrganizational Form.Meanwhile, some guidelines could help
designers to apply DF in teaching aids design.

Meanwhile, user-centered designmethod could be used to design toolkits, but design-
ers should consider different learning styles and interests of learners. When the users
are children, designers also need to think about the age appropriate and how to create
learning opportunities for children in DBL.
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Abstract. This study aimed to develop an online classroom real-time feedback
system called AIClass, which provides personalized learning experiences based
on cultural background, personal status, and learning effectiveness. Through user
research, the study identified the needs and pain points of potential users and
designed corresponding functions with prototypes. The key modules of the sys-
tem included personalized voice features, data capture, real-time feedback, and
voice interaction in complex environments. The system combined new technolo-
gies and specific scenarios, which may help stakeholders solve relevant problems
in the future. However, the system has not undergone extensive user testing, and
its effectiveness needs to be proven. Additionally, the current technical environ-
ment and other issues still present challenges such as hardware limitations, net-
work delays and cost, and ethical concerns. Overall, this study provided valuable
insights and a promising approach to optimize online learning experiences, with
the potential to improve learning outcomes for students and reduce labor costs for
educators.

Keywords: Online Classroom · Artificial Intelligence · Learning Experience

1 Introduction

1.1 Background

The use of robots in the classroom is not a new concept [1]; however, with the rapid
advancements in technology, there is growing interest in the practical application of
robots and artificial intelligence (AI) in educational tasks. Robots andAI are increasingly
being utilized to facilitate learning, provide feedback, and offer guidance to students. In
the near future, significant changes are expected to occur in the field of education, and
human teachers may need to shift their focus towards managing organizational work,
designing and selecting AI teaching forms and content [2]. Notably, as basic knowl-
edge transfer primarily involves teacher-to-student communication [3], AI agents may
replace human teachers in online education. For example, universities may incorporate
machine teachers into courses in specific disciplines such as artificial intelligence and
basic knowledge teaching. Although it may take time for AI teaching systems to gain
acceptance in the educational field, the potential benefits are enormous. Previous studies

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
P.-L. P. Rau (Ed.): HCII 2023, LNCS 14024, pp. 326–335, 2023.
https://doi.org/10.1007/978-3-031-35946-0_27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35946-0_27&domain=pdf
http://orcid.org/0000-0002-7134-130X
http://orcid.org/0000-0002-5919-5506
http://orcid.org/0000-0002-5713-8612
https://doi.org/10.1007/978-3-031-35946-0_27


Design of Intelligent Real-Time Feedback System 327

have identified several valid factors such as immediacy and reliability of robot teachers
[2]. However, there is a lack of knowledge regarding how robot teachers should commu-
nicate or interact. Hence, understanding this phenomenon from the students’ perspective
is crucial in developing effective AI teachers and systems. Prior to conducting empirical
research, it is therefore essential to explore students’ demands for the AI teaching system
through heuristic interviews and design.

1.2 Literature Review

There has been a growing trend towards incorporating online courses in higher education.
This trend has been further accelerated by the COVID-19 pandemic, which has led to
an increase in the adoption of online education by educational institutions worldwide.
With the development of technology, it is anticipated that machine teachers will be
increasingly employed in various roles, such as teaching assistants and tutors [4]. AI
teaching technology, as a technology that interacts with humans, assists in the learning
process in multiple ways and influences humans from an emotional, cognitive, and
behavioral perspective [5]. AI teaching technology can create a teacher’s image in the
form of materialization or virtualization, or build a teacher’s existence only in the form
of voice and text. Scholars have begun to compare the reliability of human andAI agents,
while also studying differences across disciplines [6].

Unlike figurative AI-agent teachers, non-figurative teachers are based on interactive
dialogues through auditory or textual methods and are notmaterialized in physical space.
Currently, some detached AI-agent teachers are being used in educational settings, such
as Duolingo, which created a series of chatbots to help language learners practice their
language. There are also researchers using AI-powered robots to perform repetitive
administrative tasks, such as answering students’ teaching questions about lesson plans,
course modules, and assignment deadlines [7].

To understand how students perceive machine teachers, it is necessary to address this
issue within the theoretical framework of how humans perceive machines. The Com-
puter as Social Actor (CASA) paradigm [8] is a theoretical perspective that focuses on
society and communication technologies. According to CASA, when humans interact
with computers, they interact in a way that is similar or highly consistent with how
they interact with other humans. While people often state that they interact differently
with computers/AI than with humans and prefer to collaborate and communicate with
humans, A. Edwards et al. found that after actual interaction with AI, people perceive
the interaction better than initially expected [9]. Although people initially have differ-
ent expectations about the process and flow of human-computer interaction, once they
participate in the actual interaction, they may perceive the process of the interaction
similarly. The CASA paradigm may be relevant to social presence, which can be inter-
preted as an objective existence with social attributes that can be subjectively perceived
[10]. In an online learning environment, social presence can promote a positive and
effective learning experience [4]. Therefore, people’s perceptions and attitudes towards
AI teachers may be related to their perceived social presence.



328 T. Yuan et al.

2 User Research

We interviewed 12 undergraduate students with online course experience and 3 teachers
with online course design experience to understand the basic user needs and pain points.
Combined with existing research, traditional online courses have pain points in the
following aspects and need to be improved:

(1) Audio and video quality: Online audio and video quality is often diminished during
transmission, as compared to offline learning environments.

(2) Prompts and feedback: Users frequently lack the necessary prompts and feedback
to effectively navigate and engage with the course material.

(3) Social presence: Online courses often lack the sense of atmosphere, social presence,
companionship, and supervision that students typically experience in offline learning
environments. Students participating in online courses are often situated in relatively
private spaces, with limited opportunities for interaction with others in the same
course.

(4) Lack of engagement: Some users may be less willing to express themselves in online
courses, while others may be more likely to do so. The threshold for expression has
shifted due to concerns about personal privacy and the need for additional interactive
functionality. Students often feel disengaged from online courses, as they lack the
personal interaction and engagement that traditional in-person courses provide.

(5) Attention:Maintaining focus and concentration can be challenging in online learning
environments, with many users reporting increased difficulty concentrating and a
higher likelihood of becoming drowsy. Online courses may lack the structure and
organization of traditional in-person courses, leading to confusion and difficulty in
keeping up with course materials and deadlines.

(6) Interpersonal interaction: Interacting with teachers and classmates can be more dif-
ficult in online courses, as users lack the ability to intuitively see and engage with
others in the same physical space. Online courses often lack opportunities for stu-
dents to interact with each other and with the instructor, leading to a lack of feedback
and limited opportunities for collaboration.

(7) Privacy and image: Some users may feel uneasy about personal privacy concerns,
particularly when required to use a camera during online courses. There is a fear that
such interactions could lead to the exposure of sensitive personal details, potentially
interfering with the learning process.

(8) Limited personalization: The teacher may not always be able to perceive the needs of
each individual student, and studentsmay be unable or unwilling to express their own
needs during the course. Online courses often lack personalized learning experiences
that cater to individual student needs and preferences.

3 System Design

3.1 Advantages of AI in Online Courses

Online AI teaching is advantageous compared to human teachers and teaching assistants
due to its ability to provide all-round personalized services for each student. While
human teachers may struggle to observe and consider the individual feelings of students
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in online courses, AI can collect, capture, store, and quickly analyze a large amount of
data, allowing it to create tailored learning experiences for each student. Additionally, AI
can offer immediate feedback, adapt to the learning style of each student, and provide
support 24/7, which is not possible with human teachers. These advantages make AI
teaching an attractive option for online education, as it can enhance student engagement
and improve learning outcomes. However, despite these advantages, the impact of AI
teaching on student learning attitudes and cognition remains unclear, highlighting the
need for further research in this area.

3.2 The Overview of Design

The designed AIClass (AIC) framework, as illustrated in Fig. 1, incorporates the
interaction and information transmission processes among teachers, AI, and students.

Fig. 1. The overview of AIClass system.

3.3 The Main Functional Modules of AI Online Teaching

Privacy and Permissions. To ensure that AI can interact and customize with users, it
requires access to various aspects of personal privacy content, including voice, expres-
sion, personal information, preferences, chat records, among others. However, to build
trust and protect users’ privacy, the system must be designed with caution, ensuring that
student privacy is protected, and their consent is obtained.

(1) Informed consent. Informed consent is critical, and the product must present a
detailed privacy protection policy document in a prominent position to users. Func-
tional permissions must be clearly communicated to users, and their consent should
be requested before granting access.
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(2) Switch functions. To provide users with greater control over their privacy, the prod-
uct should include a function selection switch. This will enable users to enable or
disable certain functions, such as information capture, information recommendation,
personalized service, depending on their preferences and needs.

(3) Privacy protection. The product should strictly encrypt and protect user information.
This will prevent any unauthorized access and disclosure of personal information,
which can be detrimental to the user’s privacy and trust in the system.

Personalized Voice Features. As an AI product designed to provide teaching assis-
tance services, personalization is essential to ensure the product meets the individual
preferences of students. This includes determining the type of relationship the AI should
have with the user and what qualities the AI’s voice should possess. Additionally, stu-
dents should have the autonomy to choose their preferred voice features. The specific
functions are described as follows, as shown in Fig. 2:

Fig. 2. The personalized voice characteristics.

(1) Select AI voice features. The product mainly interacts with users through voice,
and provides the function of selecting AI voice features. Students can adjust AI’s
voice characteristics (speech speed, tone, timbre, emotion, etc.), AI’s language habits
(using dialect, Mandarin, Mandarin with local accent, etc.). Moreover, students
should be able to define the role relationship between AI assistants and themselves,
such as friends, teachers, or classmates, within a limited range. The characteristics
of AI teachers should be defined by students themselves to confirm a friendly but
not intimate image of AI teachers.

(2) Select personal voice features. Users may need to use a “fake” voice assistant to talk
online because of the noisy environment, inconvenience and other factors. The AI
product should also provide the ability for users to set their personal voice image
using an audio generator or recording their voiceprints to create a unique voice. In
addition, the product includes the voice correction functions, such as converting the
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user’s vague voice into a clear voice, filtering the noise, and automatically correcting
some wrong pronunciation.

(3) Learning and evolution. To improve personalization, the AI should have a learning
function that adjusts the sound according to the user’s language habits and learning
style. For instance, if a student is individualistic, the AI should use “he” and “she”
instead of “they” in the teaching environment. If a student is not accustomed to
close interpersonal relationships, the AI should enhance the sense of seriousness of
the script. It is crucial to obtain the consent of users when learning more complex
behaviors and habits to provide personalized services effectively.

Data Capture and Response. As an intelligent assistant, AIC recognizes the user’s
state to provide personalized feedback and adjustments accordingly.

Data Capture. With the user’s consent, the system captures and analyzes the user’s
facial features and voice information through the camera and microphone to recognize
their emotions based on their facial expression, movement, tone, eye movement, and
head movement, shown in Fig. 3.

Fig. 3. The data capture and interaction mode.

Real-Time Feedback. The system modifies the teaching method according to real-time
feedback and after-school feedback fromstudents. Themain interactionmodes are shown
in Fig. 3. The system gives real-time feedback to users based on their emotions and atten-
tion. By combining the information capture function, it provides personalized feedback.
For instance, when the user’s attention is low, the system raises its voice tone and sends
out a reminder, or when the user is frustrated with their learning, the system’s voice tone
becomes gentle and encourages the user. The AI can then respond to the user’s state in
the following ways, as shown in Fig. 4:

(1) Sleepiness: When the user is feeling sleepy, the AI system recognizes their state
and reminds them through voice to take appropriate breaks and rest if possible. (2)
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Fig. 4. Facial emotion recognition and feedback.

Doubt: When the user is puzzled, the AI teacher repeats the previous knowledge point
or provides a quiz on the corresponding knowledge point after class to offer a clearer
description. (3) Happiness: When the user is thrilled, the AI system collects the fields
and sentences that trigger their emotions and strengthens similar teachingmethods in the
follow-up courses. (4) Distraction: When the user is distracted, the AI system prompts
a general overview of the content just discussed using voice or text pop-up windows
to help the user connect. (5) Boredom: When the user is bored, the AI system adjusts
the narrative methods and content of corresponding paragraphs to make it livelier and
more interesting. (6) Thinking: When the user is thinking, the AI system allows them to
contemplate for a period and asks if they have any thoughts or doubts after an appropriate
time. (7) Approbation: When the user expresses approbation, the AI system identifies
and marks the paragraphs in which the user expressed their approval, and strengthens
relevant knowledge points or teaching methods in subsequent courses.

Course Content Adjustment. The human teacher responsible for the course plans, orga-
nizes, and supervises the knowledgepoints and contents before the start of the course. The
AI system adjusts the key nodes and structure of knowledge according to the feedback
and opinions of human teachers. The system intelligently marks the parts of the course
that are difficult, easy to confuse, and well understood based on situations where users
express confusion, seriousness, and satisfaction. The system then provides feedback to
the human teachers through marked key paragraphs for adjustment. The feedback con-
siders whether to adjust the explanation method or increase knowledge points, presented
in Fig. 5.

Reward. As an AI teaching assistant, AIC should not only provide support to stu-
dents during the course, but also offer timely positive feedback and rewards after the
course. This includes recording and providing feedback on classroom concentration,
class participation, after-class feedback, and other relevant information. Specific actions
include:

(1) Encouragement and appreciation. Real-time recording of students’ course concen-
tration and class participation, followed by encouragement or score bonuses for con-
sistent high-concentration behavior. Additionally, the system should record student
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Fig. 5. Real-time feedback and course content adjustment.

feedback and needs, and thank them for effective feedback, which will be reflected
in their feedback and grades.

(2) Other rewards. To implement the action of providing rewards for concentration
and contribution, AIC could incorporate a point system into the online learning
platform, awarding points for consistent high concentration and active participation
in class discussions. These points could then be redeemed for various rewards, such
as access to exclusive study materials, personalized feedback from instructors, or
even discounts on future courses.

(3) Participatory classroom. AIC could also collect student feedback and suggestions
after each class. The system could analyze the feedback and identify areas where the
course could be improved, and then incorporate these changes into future classes.
Students who provide effective feedback could be noted as contributors to the class.
By offering timely positive feedback and rewards, AIC can motivate students to stay
engaged and committed to their online learning journey.

In-Class Status Record and Feedback. The product should record and summarize stu-
dents’ learning status, which will enable students to reflect on their performance and
teachers to adjust course content according to the students’ needs. After class, the sys-
tem should provide users with a detailed report on their class status, including emotional
state, class participation, question answering, unfamiliar knowledge points, and other
relevant information. This will facilitate user review and reflection. Additionally, the
system should evaluate and rank students’ classroom participation, enthusiasm, answer
accuracy, and other indicators. It should also sort out the doubts and questions raised by
students throughout the course, providing feedback on key knowledge points. Finally,
the system should provide different exercises to different users, asking them to repeat
content related to their inattentive/snap time in the course to ensure their mastery of the
material, as shown in Fig. 6.
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Fig. 6. In-class status record and feedback.

4 Conclusion

AIC aims to leverage AI and related technologies to enable students to unleash their full
learning potential. In the era of cloud learning, AIC seeks to leverage the benefits of
hardware devices, AI, intelligent algorithms, information collection, cloud computing,
and other technologies to address the challenges of online courses and voice interaction,
and provide personalized, real-time, and interactive learning experiences to all students.

While the application of AI in teaching systems requires careful consideration of
both technological and ethical aspects, the research design offers innovative ideas for
future developments in online teaching. It is anticipated that AI-assisted online teaching
will soon reduce the labor cost of online education and provide personalized, interactive,
and more widely accessible services to students.
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Abstract. Due to the rapid development of technology, multiple means of record-
ing and sharing make the method of memory retention go beyond oral and hand-
written. However, in contemporary times, many elderly people are excluded from
the internet world due to the limitation of ability. The users of the existing mem-
ory retention service are mainly young people, while the elderly are in the phase
of hard following. Older people are at a stage where they need the company of
others, need to think about the meaning of life, and want to preserve their sto-
ries. Improving the degree of social participation of the elderly and meeting their
spiritual needs of preserving life stories are also important ways to respond to
the active aging policy. Today, China has become one of the countries with the
largest elderly population in the world, and has been actively responding to the
active aging policy for many years. By means of information collection and inter-
view, this study discusses the current situation of the elderly using digital memory
retention services, and intends to build a digital memory retention service system
centered on the elderly group, hoping to contribute to the relevant researches on
population aging and sociocultural sustainability.

Keywords: Memory Retention · the Elderly · Service Design · sociocultural
sustainability · collective memory

1 Introduction

The contemporary world is characterized by informational flows and spread by the
internet [1]. Information technology has dramatically changed the way we live and
work. In the field of memory retention, it can be found that in addition to the traditional
method of memory retention, more and more people begin to use audio and video to
record their memories [2].

In the past, the main ways for the elderly in China to retain and share their personal
memories are oral sharing and handwritten articles. Some publishing houses or private
shops also offer the service of ghostwriting autobiographies. But now, With the help
of their families, some elderly people choose to record videos and send them to online
platforms, which are well received by young people. The contents shared by the elderly
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are mainly based on specific people, special places and important historical events which
will become part of the collectivememory of our society. The process ofmemory sharing
involves many interactions between people and products. However, problems such as
cumbersome function, difficult operation, less feedback and low sense of participation
generally exist in these processes. Therefore, it is necessary to systematically analyze
the process of digital memory retention from the perspective of service design.

The study uses service design strategies to analyze the psychological demands of the
elderly when retaining digital memory and will finally build a digital memory retention
service system to help the elderly retain and share life experiences. At the individual
level, research on the retention of individual memory is an important step to meet the
spiritual needs of the elderly and to realize the goal of active aging. At the collective
level, it is also helpful for us to continue thinking about the sustainable development of
social culture and collective memory in the future.

2 Background Summary of the Study

2.1 Current Situation of Elderly People Using Smart Devices

Theoretically, the development of information technology provides convenience and new
possibilities for the lives of vulnerable groups [3–5]. In fact, we have to recognize that
due to the generational differences, elder people use the Internet less frequently, they are
left out by information technology [1, 3, 4]. Therefore, problems such as cumbersome
process, being afraid of operation, less feedback and low sense of participation appear
when the elderly use some memory retention technologies or services [6–8]. This study
tries to analyze existing digital memory retention methods in China, and to build an
optimized digital memory retention system for the elderly. By analyzing the process and
willingness of the elderly using existing services, this study explores the possible ways
to enhance the social participation of the elderly so as to improve the quality of their
life.

2.2 Active Aging Policy in China

World Health Organization (WHO) described the goal of active aging in 2002 as the
process of optimizing opportunities for health, participation and security in order to
enhance quality of life as people age [9]. It also notes that these policies and programs
should be based on the rights, needs, preferences, and capacities of older people. The core
of “Active Ageing” lies in social participation [10]. Improving the social participation
of the elderly can help the elderly gain dignity and meet their spiritual needs for the
meaning of life.

Due to the actual national conditions, China has been actively responding and imple-
menting the policy of active ageing [11, 12]. Nowadays, China has become one of the
countries who have the largest elderly population in the world [13], and its aging popula-
tion has entered a stage of rapid development. In China, by the end of 2021, the number
of elderly people aged 60 and above has reached 267 million, accounting for 18.9% of
the total population. It is estimated that in the near future, the total number of elderly
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people aged 60 and above will exceed 300 million, accounting for more than 20% of
the total population [14]. At the same time, the number of Internet users in China and
its Internet penetration are also increasing [15]. As of December 2021, the number of
Internet users in China reached 1.032 billion, the number of elderly netizens aged 60 and
over reached 119 million [16]. This means that more than half of the elderly in China
are being left behind during the digital process, and are gradually marginalized due to
the lack of voice in this digital society [17].

At the same time, with the rapid development of China’s economic construction,
the elderly gradually have spiritual needs for respect, self-realization and social identity
under the premise that their material life is guaranteed [18], which are manifested as
the needs for service design, sustainable design and technological intervention [17]. The
East China not only has a high-speed economic and technological development, but also
ranks in the forefront of the aging problem with an aging rate of over 14% in many
provinces [19]. Therefore, studying problems in the process of digital memory retention
service in East China can not only meet the spiritual needs of the elderly and expand
their social participation, but also meet the needs of China’s national conditions and
provide reference experience for the global active aging.

2.3 The Significance of Digital Memory Retention for the Elderly

The aged like to retell or record their life stories and experiences. Recording helps the
elderly to seek personal value. Meanwhile, sharing the content of the record is one of the
ways in which the elderly can rebuild their connection with society. In 1925, Maurice
Halbwachs, a French sociologist, enlarged individual memory to the level of social
groups, he put forward the concept of collective memory: “The process and results of
sharing past events among members of a specific social group” [21]. The transmission
of collective memory requires social interaction, in which people can recall, identify,
locate and analyze memories. Collective memory is not only a real story, but also a
common sentiment and standard narrative formed by the group members. Nowadays,
through some video websites, people can easily share their memories, so that memories
can be preserved for a long time at the social level [5, 20].

3 Research Process Based on Service Design

3.1 Current Situation of Memory Retention Services for the Elderly

Most old people like to tell their stories to the younger generation, or even to tell stories
of their elders, and so the memories continue through conversations from generation
to generation. But this way of memory retention is not reliable, for some old people
who have the ability to write or have the opportunity to get someone else to ghostwrite,
paper and pencil records become a more reliable choice. Newspaper contributions and
autobiographies can bring greater self-satisfaction to the elderly. Memories passed on
by conversations focus more on inter-generational communications and the continuation
of family memory, while the memories recorded by papers have the possibility of being
widely shared due to its mass reproduction attribute, and have more chances to become
a part of local chronicles and the social collective memory.
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With the continuous improvement of the living condition, memory retention meth-
ods are constantly digitized. The emergence of cameras, mobile phones, computers, and
Network Attached Storage has made memory storage more vivid and accurate while the
media of memory has extended to pictures and images. At the same time, the develop-
ment of short videos and social platforms has made the forms of memory sharing more
extensive. On platforms commonly used by the young people, such as Bilibili, Tiktok
and Weibo, there are also elderly people sharing their life stories who have a lot of fans,
and their videos can reach one million views. However, because of their limited abili-
ties, they may not be able to publish content without the help of their children. Besides,
althoughmany elderly people can use basic functions such as photography or video chat,
they have limited ability to use content creation platforms, which forms a large digital
divide between the elderly and the young people.

In this information society, the elderly are constantly marginalized and their social
participation is constantly reduced. It is this digital divide that makes the social image
of the elderly become lonely and silent. How to make their stories heard is what inspired
this study. This study attempts to optimize and reconstruct the existing digital memory
retention service system, hoping to connect this digital divide through system design,
making memory retention a bridge to enhance inter-generational communication.

3.2 Research Framework of Digital Memory Retention Service Design

By designing service contact points between service providers and recipient, service
design solves problems systematically [22]. Service design is user-centered and focuses

Fig. 1. The research framework of digital memory retention service system for the elderly.
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on customers’ behavior and situation [23]. It also needs to integrate products, processes
and other key factors. Therefore, this study proposes a research framework (see Fig. 1).

3.3 Researches on Stakeholder Groups

Users of digital memory retention systems can be divided into older groups (recording
subjects and memory sharing) and younger groups (assisting in recording, commu-
nicating and interacting). Among them, there are big differences in the elderly group’s
understanding of technology-related concepts and needs, and it is often difficult to match
the feelings of the elderly with the scale data in the questionnaire when using quantitative
research methods [24]. This study focuses on the spiritual needs of the elderly and hopes
to build a content-oriented service system for emotional communication. Therefore, in
the early research, communication with the elderly and site observation is essential.
Therefore, this study mainly adopts the methods of in-depth interview and field obser-
vation to understand the preference of the elderly when using digital services to record
life stories and to explore their desire to communicate and share with others. Finally,
the study will summarize the experience from the results, so as to construct the overall
service framework of memory retention service.

Interview Design and Implementation. According to the research purpose, several
aspects of the interview outline were drawn up: the willingness to record and share their
life stories; the preferred memory retention content and retention reasons; the use of
digital memory retention methods and related services. This interview avoids overly
formal communications, but chooses the form of daily chat to understand the life stories
of the elderly and their views on communication with people and our society, so as to
avoid making the elderly feel uncomfortable. After inviting 6 doctors in related majors
to conduct group focus interviews, the interview outline of this study is determined as
follows:

1. Is there anything you would like to share or record?
2. What kind of recording method do you usually choose when you record some ideas

or events? Why?
3. Do you usually use photos, videos, notes, recordings and other ways to record your

life? How does it feel?
4. Do you share your story with your relatives and friends? Why?
5. Do you share your stories with strangers and interact with others? Why?
6. If you want to design a service to help you record your life in the future, what would

you recommend?

The Selection of Interviewees. According to the World Health Organization, people
become elderly at the age of 60 [25]. The international standard for the starting age
of the elderly in developing countries is 60 years old. With reference to international
standards, people’s physiological conditions and China’s retirement age, China’s Law
on the Protection of the Rights and Interests of the Elderly stipulates that the starting age
of the elderly is 60 years old [26]. Therefore, in East China, 10 people aged 60 and above
were selected for this paper. The following Table 1 gives a summary of the interviewees’
information.
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Table 1. Summary of 10 interviewees’ information

Interviewee Gender Age (years) Professional field

A1 Woman 61 Liberal art

A2 Woman 62 Science

A3 Woman 63 Engineering

A4 Woman 68 Others

A5 Woman 78 Engineering

A6 Woman 87 Liberal art

A7 Man 60 Art

A8 Man 60 Science

A9 Man 62 Art

A10 Man 68 Others

Analysis of Interview Results. In order to better connect individual memory, to con-
dense collective memory, and to build a content-oriented digital memory retention ser-
vice system, it is necessary to understand the elder’s willingness to record and share
as well as their preference for the content they want to record. The first topic of the
interview was: Is there anything you would like to share or record? By observing and
recording the content the aged chose to talk about, the experimenter summarized the
topic and sorted out the results as shown in the following Table 2.

Table 2. The willingness of the elderly to record and share.

Interviewee Age Professional
field

willingness to
record

willingness to
share

Chat topic

A1 61 Liberal art
√ √

Daily life/Career
related/Food

A2 62 Science
√

X Daily life/Career
related/Travel

A3 63 Engineering
√ √

Plants/Travel/Food

A4 68 Others
√ √

Daily life

A5 78 Engineering
√ √

Plants/Music/News

A6 87 Liberal art
√ √

Daily life/News

A7 60 Art
√ √

Plants/Music

A8 60 Science
√ √

Daily life/Career
related

(continued)
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Table 2. (continued)

Interviewee Age Professional
field

willingness to
record

willingness to
share

Chat topic

A9 62 Art
√ √

Career related

A10 68 Others
√

X Plants/Travel
√
: Yes, X: No

As can be seen from Table 2, all the interviewees have things they want to record.
But there are two of them say they have nothing to share. A2 indicates that “I don’t like
to share because of my personality”; A10 stands for “What do I have to share, what do
I have to share at my age”. Among the topics recorded/shared by the ten old people, the
theme with the highest frequency is Daily life (A1, A2, A4, A6, A8), followed by Plants
(A3, A5, A7, A10) and Career related (A1, A2, A8, A9). It can be seen that although
some elderly people are not good at sharing with others due to personality reasons, most
of them are willing to record their personal stories and share them with others, and
the topics they are willing to record/share are mainly related to daily life stories, plant
planting and career experiences.

In order to understand the recording methods preferred by the elderly and to know
their feelings about using the existing digital memory retention services, the second
topic of the interview was:What kind of recording methods do you usually choose when
you record some ideas or events? Why? And the third topic was: Do you usually use
photos, videos, notes, recordings and other ways to record your life? How does it feel?
The interview results are shown in Table 3 below.

As can be seen from Table 3, all the ten interviewed old people have experience
in using digital memory retention service, and two of them have the habit of keeping
paper records. Among the ten interviewees, only one (A4) mentioned that she seldom
uses relevant apps because of her poor eyesight. She only uses functions such as taking
photos, sending and receiving textmessages.All the other elderly people have experience
in using relevant applications, among which six elderly people (A1, A2, A3, A6, A8,
A9) have clear positive comments on this, and think that the existing corresponding
services are convenient and fast, which can connect with others and enrich their lives.
Four of the ten old people (A5, A7, A8, A10) answered that the convenience of using
relevant services depends on whether they learn to use relevant services, indicating that
the elderly need others to teach them relevant operations.

Table 3. The memory retention methods of the elderly interviewed

Interviewee Hand-write Digital service Feelings of using existing
digital memory retention services

A1 X Camera
Wechat

simple, quick, fun, and can give full play to
their creativity

(continued)
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Table 3. (continued)

Interviewee Hand-write Digital service Feelings of using existing
digital memory retention services

A2 X Camera improve your mental agility and enrich
yourself

A3 X Camera
Wechat

fast, realistic, fashionable and convenient

A4
√

Camera
Message

bad eyes, hard to see, amuse oneself

A5 X Camera
Wechat

can’t use certain functions sometimes, want
someone to teach me how to operate it

A6
√

Camera
Wechat

can connect with my friends and get to know
each other

A7 X Recording
Camera

feel very convenient only if you understand

A8 X Camera
Website

feel convenient to use, because I know all
about it

A9 X Camera
Wechat

for casual use and to learn something

A10
√

Camera
Wechat

to pass the time, I would use it if I was taught

√
: Yes, X: No

In addition to memory recording, memory sharing in daily social interaction is also
one of the important forms of memory retention. In the Internet community, memory
recording and sharing are often inseparable. Therefore, in order to further explore the
elder’s attitude towards memory sharing, Questions 4 and 5 are set to understand the
elder’s use of memory sharing services. The interview results are shown in Table 4.

Table 4. Memory sharing methods of the elderly interviewed

Interviewee Share with
friends and
family

Share with
strangers

Interviewee Share with
friends and
family

Share with
strangers

A1
√ √

A6
√

X

A2 X X A7
√ √

A3
√

X A8
√ √

A4
√

X A9
√

X

A5
√

X A10
√ √

√
: Yes, X: No
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As can be seen from Table 4 only one (A2) of the ten interviewed old people did not
share their thoughts with others, and said, “I have seen many classmates and friends post
their life photos and life experiences on the platform, I also like to see their works, but
I never post my works, maybe because of personality reasons, I do not like to send out,
they are all private. Maybe everyone thinks differently. I’m very conservative.” Other
elderly people are willing to share, mainly with family and friends. Four elderly people
are willing to post on the platform, because “anyway, it is a public platform, and anyone
who likes to watch it can watch it”. Other elderly people only share with people they
know, mainly because of “fear of being cheated when communicating with strangers”.

At the end of the interview, the sixth topic is set as: If you want to design a service
to help you record your life in the future, what are your suggestions? To ask the elderly
to provide relevant advice on this type of service. Most of the old people think that
their imagination is not enough to make any good suggestions, but they hope to follow
the young people’s thinking to adapt to more advanced services, while also show that
“simple functions are good”. Some old people also mentioned that they hoped we can
improve the security and reliability of the service and protect personal privacy (A1); It
is hoped that the platform will punish those who use the service maliciously, and will
create a good network community environment (A7), they also hope that someone can
provide corresponding use instructions (A10).

3.4 Existing Digital Memory Retention Service Process for the Elderly

According to the results of the above researches, the user journey map of the memory
retention service for the elderly is drawn (see Error! Reference source not found.).
It can be found that there are many problems in this service process that need to be
considered in the subsequent framework design.

The Need for Operational Instruction. According to the above research, the elderly
usually use photos, videos and other ways to record their lives. For them, simple oper-
ations can be mastered, but there are still many functions they do not understand and
cannot use without learning. This is because the existing digital memory retention ser-
vicesmainly serve young people, and the elderly are in the stage of following the younger
group to use the services, so the use of the services is extremely limited. In the process of
interview, many old people mentioned that they must learn to operate conveniently, and
hoped that they could learn from young people, while the young people also expressed
their encouragement and admiration for the old people’s active learning of new things.

Intergenerational Communication and Digital Feedback. Elderly people are will-
ing to share their stories with their families and friends. Many young people also say
that they like to hear stories shared by experienced elder people, they are also will-
ing to help and support the elderly in actions. This suggests that memory retention
within the family has a positive effect on inter-generational communication, and inter-
generational communication also promotes digital feedback, which facilitates memory
retention (Fig. 2).

Requirements on the Form of Content Sharing. Some older people with more open
personalities will share their videos and ask for suggestions for improvement when they
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Fig. 2. Existing digital memory retention service process for the elderly.

are interviewed. After observation, it can be found that many of the content recorded
by the elderly is interesting, but the video production is slightly rough. Due to the
decline of their physical function, it is impossible to ask them to improve the editing
of daily recorded videos. However, the improvement of video form is helpful for video
transmission and sharing. This can also be seen from the comments of the young people,
nowadays, a part of the young audience is very strict with the video created by the elderly.

The Overall Atmosphere and Security of the Service. In addition, the elderly also
mentioned in the interview that they couldnot judgewhether they could trust the platform,
and the creation environment of the existing platform was not friendly enough. These
issues are also reflected in the survey of young people. In the process of subsequent
service design, it is necessary to consider how to provide a safe and friendly creation
environment for the retention of old people’s memory.

4 Digital Memory Retention Service Design for the Elderly

4.1 The System Map of the Digital Memory Retention Service for the Elderly

The personal stories recorded by the elderly are a memorial to themselves and their
families; The life experience shared by the elderly is a spiritual wealth that can enlighten
more people. The gap in the use of new media leads to the gap between the elderly and
the young in digital application, which in turn leads to the difference in identification
between different age groups. By building a content-oriented service system (see Fig. 3),
the digital memory retention service system for the elderly establishes a flexible feed-
back mechanism at family, social and other levels, breaks through the barrier of time,
promotes inter-generational understanding and reflection, and re-establishes emotional
connection.

A System Centered on Older Users. In addition, the elderly alsomentioned in the. The
platform carries out early publicity and promotion by releasing the produced toolkits
or user manuals to different communities. As the main target of the service, the elderly
can use existing smart devices to photograph, to record or to scan their handwriting.
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Fig. 3. System map of the digital memory retention service for the elderly.

After that, they can choose to retain or publish it. The online server will display the
easily processed information to the user, and will also classify different information into
different topics for the convenience of subsequent indexing.

The Two-Sided Identity of the Young Group. The identities of the young people in
the system are not only the relatives of the elderly, but also ordinary people in the society.
They are not only the family members who help the elderly to complete the memory
retention, but also the strangers who use the service to learn more about the life stories
of the elderly.

The System Connects Elderly Users with Our Society. With the consent and autho-
rization of the elderly and their relatives, the systemcollects and processes a large number
of elderly user information, forms an information network according to their relation-
ships, and displays them in the form of physical books, newspapers, audio and video in
offline scenes such as bookstores and post offices for publicity. At the same time, such
physical objects edited by the system will also be mailed to the corresponding elderly.
Relevant users can also view the audio, video and e-book edition at any time through
the application.
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4.2 The Service Blueprint of the Digital Memory Retention Service

The service blueprint (see Fig. 4) is built based on the above systemmap (see Fig. 3). The
elderly record their lives through the online touch points of the service, which provides
different modes according to the their various need.

Set Up Different Retention Modes. For the elderly who only need the recording func-
tion, they can use the service to complete the recording and automatic arrangement
of their personal memories. For the elderly who need to save and share, through this
platform, they can co-create content with young users who are good at editing and
typesetting. After authorization by the elderly, others can help complete the content
processing through the platform, and obtain a certain number of creative incentives.

Fig. 4. Service blueprint of the digital memory retention service for the elderly.

Build Opportunities to Realize Intergenerational Communications. As a content-
oriented system, it completes the social retention process of old people’s memory by
constructing the opportunity of intergenerational communication. On the online end,
the system needs to build an opportunity for the elderly to narrative, and encourage
the elderly group to record their personal lives through the guidance of themes and
templates, such as guiding the elderly to answer specific help, share experiences about
specific professional fields, and describe memories related to specific events.

In offline scenes, the system needs to create opportunities for young people to get
to know this service through publicity. In this process, marketing advertisements and
publicity of social activities are needed. It can cooperate with public places such as
bookstores and libraries to set up experience centers which may help young people learn
professional skills and life experience.
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5 Conclusion

In the past, the pen-and-paper form ofmemory recording often required a lot of effort and
was not suitable for most elderly people. The existing digital memory retention service
makes memory not only exist in words and papers, but also exist in audio and videos
which are easy to spread. It even gives rise to many “the elderly online celebrities”,
which narrows the social distance between the elderly and the young. These phenomena
also reflect individuals’ desire for socialization and spiritual survival.

This research is inspired by these social phenomena. Through the interview survey
of the elderly in East China and the analysis of the comments of young people on the
Internet, the study made the following conclusions:

1. The elderly themselves have the need to retain memories, and their memories also
constitute the collective memory of this society in a certain time and space.

2. Existing memory retention services are mainly for young people, and the elderly will
follow the young people in the family to use simple functions.

3. The elderly people are not resistant to the use of electronic products. They may be
very willing to use such fashionable tools, but lack of opportunities to learn, so they
encounter many difficulties, and then feel shy, at a loss or even intimidated.

4. For the elderly people who use memory retention services, most of them use such
services to communicate with their family members and leave memorials to their
family members. Therefore, they are concerned about the storage space of the phone,
the subsequent arrangement, whether it is convenient to find later and whether these
electronic documents can be in physical forms.

5. For the elderly people who are willing to communicate their stories with the society,
good communication atmosphere and how to attract more people to read their stories
are their concerns, which is also closely related to the young people in the society.
According to the results of our survey, there are still a small number of young people
who are too harsh on these old people who are willing to communicate.

According to the above content, the study constructs the concept of the service sys-
tem. This study involves inter-generational communication, family emotion, and preser-
vation of human intangible cultural heritage, and attempts to construct a memory reten-
tion service system centered on the elderly, hoping to be helpful to other studies in the
field of cultural sustainability. This study only puts forward a new idea of memory reten-
tion service, and the number of elderly people surveyed is small. The specific details of
the service process need to be further deepened in the future research.
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Abstract. The intervention strategy of occupational therapy is to help stroke
patients recover upper limb function and have the ability to live independently
through meaningful activities. The Ring Fit Adventure gaming system is designed
by the Nintendo Switch kicked off a wave of exercise craze. Whether the game
system is suitable for upper extremity rehabilitation training for stroke patients
remains to be further explored. Therefore, the purpose of this study is to conduct
a preliminary study on the feasibility of the Switch Ring Fit Adventure gaming
system applied to the upper extremity rehabilitation for stroke patients. Occupa-
tional therapist interviews and SUS usability assessments were used. The results
can be summarized in three points: (1) Clinical OT experts selected 16 “Fitness
Ring Adventure” fitness exercises that are suitable for stroke upper limb rehabil-
itation. (2) All stroke patients expressed their willingness to continue using it. (3)
suggestions of new exercise game design are proposed. For example: Elbow and
wristmovement, strength training, and single-handed training game. The results of
this research can provide reference for the application of clinical upper extremity
rehabilitation and game design industry.

Keywords: Feasibility · usability · Ring Fit Adventure Game System · upper
extremity rehabilitation

1 Introduction

One of the three leading causes of death worldwide is cardiovascular disease (including
ischemic heart disease, stroke) [1]. It is also one of the main causes of adult disability,
not only causing a heavy burden on patients and caregivers, but also seriously affect-
ing the quality of life [2]. “Stroke in young age is of great public health importance.
The incidence has been increasing worldwide for decades,” said Mohamed Teleb, MD,
medical director of neurosciences at Banner Desert Medical Center. According to the
Stroke Association in USA, 15% of all ischemic stroke cases occur in young people –
those 18 to 55 years old [3]. The Helsinki Young Stroke Registry noted relatively low
stroke rates under the age 40 with sharp increases beginning at age 40 [3]. Impairment
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of upper extremity movements is more common in stroke patients after stroke [4]. The
decreasing age trend of stroke patients should reinforce the utility of rehabilitation and
assist patients in regaining independent living and working ability.

With the development of technology, commercial virtual reality game systems (such
as: Nintendo Wii, Kinect for XBOX360™, XaviX, Sony Play Station, HTC Vive, etc.)
have been widely used in the upper limb rehabilitation treatment of clinical stroke
patients.Many studies have found that virtual reality games can help improve the efficacy
of upper limb rehabilitation and improve patients’ enthusiasm for treatment [5–7].

Starting from virtual reality (VR), virtual reality exergaming (VR EXG) gradu-
ally enters people’s lives through different modes such as Cardboard, home equipment,
and various theme amusement parks. With the popularity of sports, exergames (e.g.,
Kinect for XBOX360™, Nintendo Switch, etc.) combined with sports training skills
have become popular among the public. Among the Switch game consoles released by
Nintendo, the game “Ring Fit Adventure” is the most popular and has set off a sports
wave. This game requires a Switch Ring-Con. It combines a lot of resistance training,
offers a variety of training modes, and can perform specific movements repeatedly. It is
very suitable for upper limb exercise and muscle strength training for stroke patients.

Researches on the application of the Nintendo Switch Ring Fit Adventure game or
Ring-Con to train physical actions were as follows: Kim et al. (2019) a new approach to
transcranial direct current stimulation in improving cognitive motor learning and hand
function with the Nintendo Switch in Stroke survivors [8]. The results showed that the
tDCS (Transcranial direct current stimulation) + Nintendo Switch game group showed
significant differences in Trail Making Test, Grip strength, Manual Function Test, and
Box and Block Test results compared to the other groups between before and after
intervention.

Putra et al. (2021) surveyed healthy men sequentially experiencing three “Fitness
Boxing” Nintendo Switch™ gamemodes [9]: (1) single player-normal tempo, (2) single
player-fast tempo and (3) versus. To investigate the immediate cardiovascular responses
(blood pressure, heart rate), quantification of physical activity (PA) intensity (percentage
of maximum heart rate (%HRmax), Borg’s rating of perceived exertion (RPE), and
the level of enjoyment using visual analog scale (VAS) while playing VR EXG. The
results showed that VR EXG Nintendo Switch™ “Fitness Boxing” can elicit immediate
cardiovascular responses and provides an enjoyablemoderate to vigorous PA intensity in
healthy male adults, and can be used to meet the weekly PA recommendations. However,
there are very few clinical studies on the feasibility of using the Switch fitness ring game
system in upper limb rehabilitation treatment for stroke patients, and further trials are
needed to confirm.

Apilot studywas designed to evaluate the feasibility of theSwitchRingFitAdventure
(RFA) game system used in upper extremity (UE) rehabilitation training. The results of
the study are expected to help stroke patients recover from exercise and meet the needs
of rehabilitation for stroke patients.
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2 Methods

This study includes two stages, as follows: (1) Expert interview was used to assess the
suitability of the RFA fitness exercises, and the usage needs of the RFA game system
used for UE rehabilitation. (2) A System Usability scales questionnaire was used to
evaluate the usability of the RFA game system. This study was approved by the Human
Research Ethics Board of a local hospital.

2.1 Stage 1: Suitability of the RFA Fitness Exercises for UE Therapy

Expert interviewwas used in this stage. Three survey contentswere conducted as follows:
(1) Occupational therapists (OTs) were asked to experience various fitness exercises in
RFA game system. (2) According to the Brunnstrom recovery stages for upper extremity
(stage IV and stageV),OTs selected the fitness exerciseswere suitable for stroke patients.
These selected fitness exercises were used for system usability evaluation in the next
research stage.

Participants. The target sample for this stage was recruited from therapists working in
the hospital’s OT department in Taiwan. They have more than three years of full-time
occupational therapy work experience.

Devices. The equipment used in this stage were as follows: the RFA game system (a
total of 60 fitness exercises, including 43 fit skills, 12 minigames, and 5 simple games)
with Switch Ring-Con and Leg strap (see Fig. 1). All the fitness exercises in RFA game
were selected under specialist supervision (Japanese yoga instructor Kaoru Matsui and
Mika Saiki). A variety of exercise styles in fit skills are available, including muscular,
rhythm and yoga, and different areas of the body can be targeted – arms, stomach, legs
and more.

Procedures. First, the researchers explained the purpose of this survey to the OTs
and asked for their consent. Before the interview, the OTs were asked to operate and
experience each fitness exercises. OTs selected and categorized fitness exercises suitable
for upper extremity rehabilitation based on their specialty in occupational therapy.

During the experience process, the therapist also proposedusage needs or suggestions
about the usability of the game system.After summarizing survey data under researchers,
OTs were asked to identify these fitness exercises that had been categorized again.

Fig. 1. Hardware and accessories for Switch Ring Fit Adventure game system
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2.2 Stage 2: Usability of the RFA Game System for UE Rehabilitation

Based on the selected fitness exercises in the previous stage, two surveys are performed:
(1) To observe usage status of the Nintendo Switch RFA game system used for stroke
patients. (2) A system usability scale (SUS) questionnaire was used to investigate the
usability of the Nintendo Switch RFA game system.

Usage Status of the Switch RFAGame SystemUsed by Stroke Patient. When stroke
patients used the Switch RFA game system, the researchers observe the patient’s move-
ments and operating behaviors to discover potential usage problems or needs. To mini-
mize distraction from the patient, the researchers observed the patient using the devices
from their side.

Participants. Stroke patients were recruited from occupational therapy department of
hospitals in Taiwan. Inclusion criteria were as follows: (a) hemiparesis with UE dysfunc-
tion following a single unilateral stroke; (b) a history of first-time stroke (6–48 months
post-stroke); (c) a need for UE rehabilitation to convalescent stages of Brunnstrom stages
IV toV; and (d) ability to communicate, and to understand and follow instructions. Exclu-
sion criteria were as follows: (a) engagement in any other rehabilitation studies during
the study; and (b) serious aphasia or cognitive impairment. Each patient gave informed
consent.

Devices. The Switch Ring-Con, Leg strap and the Nintendo Switch RFA game system
were used in this stage. These fitness exercises used in this stage were already assessed
by the clinical occupational therapist in the previous stage.

Procedures. First, the researchers explained the content of the research at this stage to
the occupational therapists, and informed that the camera recording process would be
used during the research. Occupational therapists introduced willing and eligible stroke
patients to the researchers. Researchers explained the content of the research to the stroke
patients. Each patient gave informed consent. All stroke patients were asked to complete
a total of 3 training sessions in twoweeks, scheduled at three 30-min sessions (excluding
set-up time). During the 3 training courses, the patients were required to experience from
installing the equipment to completing 16 fitness exercises. The researchers observed
the patient’s movements of using the Switch fitness ring device to interact with the game
each time.

Usability of the Switch RFAGame System Used by Stroke Patient. Semi-structured
interviews were used to investigate the usability of the Switch RFA game system for UE
rehabilitation by stroke patients.

Participants. Stroke patients who had completed the Switch RFA game system over 3
sessions. (Same participants in 2.2.1).

Devices. The System Usability Scale (SUS) questionnaire [10] was applied in this
research. The System Usability Scale is a standardized metric for measuring the usabil-
ity of a website or other interactive system. SUS uses a short (see Table 1), 10-item
questionnaire administered at the end of a usability test to calculate a website’s score.
Users respond to each question on a 5-point scale from “Strongly disagree” to “Strongly
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Table 1. 10-item questionnaire of the System Usability Scale

S1 I think that I would like to use this system frequently

S2 I found the system unnecessarily complex

S3 I thought the system was easy to use

S4 I think that I would need the support of a technical person to be able to use this system

S5 I found the various functions in this system were well integrated

S6 I thought there was too much inconsistency in this system

S7 I would imagine that most people would learn to use this system very quickly

S8 I found the system very cumbersome to use

S9 I felt very confident using the system

S10 I needed to learn a lot of things before I could get going with this system

agree.” These answers are then used to generate an extremely reliable overall usability
score for the system.

Procedures. After completing 3 sessions, the patients filled out the SUS questionnaire.
The researchers explained each question of the questionnaire to the stroke patients. They
are asked to answer questions one by one based on their experience after use.

Data Analysis. The collected data were analyzed with an SPSS statistical software. To
calculate the SUS score [11], first sum the score contributions from each item. Each
item’s score contribution will range from 0 to 4. For items 1, 3, 5, 7, and 9 the score
contribution is the scale position minus 1. For items 2, 4, 6, 8 and 10, the contribution
is 5 minus the scale position. To achieve a total score of 100, multiply the sum of the
scores by 2.5 to obtain the overall value. It provides an easy-to-understand score from
0 (negative) to 100 (positive). The usability subscale has 8 items, and its score ranges
from 0 to 32, so the multiplier is 100 divided by 32, which is 3.125. Similarly, for the
learnability scale, a multiplier of 12.5 (100 divided by 8) is obtained.

3 Results

Three results were showed as follows:

(1) The suitability of the RFA fitness exercises, and usage needs of Switch RFA game
system for UE rehabilitation by OTs.

(2) Usability of the Switch RFA game system used by stroke patient.

3.1 Suitability of the RFA Game System for UE Rehabilitation

A total of 5 clinical occupational therapists were interviewed. All of them have clinical
OT worked for more than 5 years and were recruited from the Occupational Therapy
Department of Chung Shan Medical University Hospital in Taiwan.

The Result of the RFA Fitness Exercises Suitable for UE Rehabilitation. A total
of 16 fitness exercises were selected under OT therapists as suitable for stroke patients
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whose UE recovery stage reaches IV and V. Among 16 fitness exercises, 8 fitness exer-
cises (see Table 2, left side) were suggested for the UE recovery stage IV, and the other
8 games (see Table 2, right side) were suggested for the UE recovery stage V. The fit-
ness exercises in Table 2 are sorted from easy to difficult, according to the therapist’s
suggestion.

Table 2. A total of 16 fitness exercises are suitable for UE rehabilitation

Usage Needs of the Switch RFA Game System Proposed by OTs. After the fitness
exercises experience (see Fig. 2), the OTs proposed six usage needs of the RFA game
system be applied to UE rehabilitation. Six usage needs are characteristics of stroke
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patients, game interface design, controller design, assistive devices, data display, and
new practice game design. Each usage needs are described as follows:

Patient Characteristics. Considering the physical characteristics and safety of stroke
patients, the suitable physical conditions are proposed as follows: (A) having good
cognitive ability. (B) It is necessary to consider that the patient’s attention is weak. (C)
The endurance of hand grip strength should be enough. (D) The game is played in a
standing: the dynamic balance should be at least fair or good.

Game Interface Design. (A) After the demonstration teaching of bodymotions, to pro-
vide opportunities for practice for user. (B)When user cannot complete an action, he/her
hope that a screen will pop up and guide the next step. (C) If a fitness exercise cannot
be completed, to suggest secondary games for user. (D) It is suggested to present only
one motion guide at the same time in the interface to avoid interference. (E) Adjustable
game description speed. (F) The text on the game interface should be larger. (G) The
content of the interface should be clearer, for example: color and black and white should
be used together. When it is important, it will jump out as a colored indicator, while
others will become black and white, to reduce cognitive interference. (H) The reaction
speed of the game can be adjusted to suit for middle-aged and elderly people.

Controllers. Switch ring-con. (A) When using the Switch Ring-Con to turn left and
right to a standard angle, it is recommended to provide a vibration prompt to complete.
(B) The resistance is recommended to be adjustable by user. (C) The size of the buttons
needs to be enlarged so that patients can easily operate them with the affected hand.
(D) The actions of all operating functions can be simplified to a single controller. For
example: the rotation, pressure or pulling action of the Switch Ring-Con can correspond
to all operating functions. Leg strap. The binding is set on the leg needs to be redesigned
to avoid slipping and being too tight to be comfortable when exercising.

Fig. 2. Occupational therapists using the RFA game system in therapy room.
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Assistive Devices. (A) Using assistive devices (bandages, gloves) to assist patients with
lower stages to hold Switch Ring-Con or design special bandages. (B) If it is necessary to
change the left or right hand, you can add Velcro to assist in the removal or replacement.

Results Recorded. Since clinical treatment emphasizes treatment effect, training
results are expected to correspond to activities of daily living.

NewExercises GameDesign. (A) Fitness exercises for elbow and wrist movement and
strength. (B) Adding one-handed fitness exercises.

3.2 Usability of the Switch RFA Game System Used by Stroke Patient

A total of 10 post-stroke patients were recruited from the Occupational Therapy Depart-
ment of Chung ShanMedical University Hospital. One female and nine males, the mean
age was 64.20 years (SD 6.05), and the mean time since stroke onset was 1.28 years
(SD 0.65). Three patients had paretic side on the left side and the others on the right.
After 3 training sessions, the patients used the equipment by themselves, and finally the
patients filled out the questionnaire.

Result of System Usability Scale. A total of 10 SUS questionnaires were analysed.
With regards to the overall SUS score reported by participants for the RFA game (see
Fig. 3), the overall mean SUS score was 67.75 (SD 5.70) out of 100, which according to
the evaluation criteria for SUS, indicates that the application delivers ‘OK’ (Descriptive
adjective), ‘High marginal’ (Acceptability range), and Grade D (School grading scale)
usability (see Fig. 4). These results indicate that the RFA game system design is feasible
for UE rehabilitation. Among the 10 items of SUS (see Table 1), S4 and S10 belong to
Learnability, and the other 8 items (S1, S2, S3, S5, S6, S7, S8, S9) belong to Usability.
The overall mean SUS score of Learnability was 50.0 (SD 23.57) out of 100. The overall
mean SUS score for Usability was 72.18 (SD 7.43) out of 100. Switch RFA game system
used by the patients shown in Fig. 5.

Fig. 3. SUS score of the RFA game system for each stroke patient.
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Fig. 4. Grades, adjectives, and acceptability associated with raw SUS scores.

Fig. 5. Patient using the Switch ring-con and RFA game items.

Experienced Opinions from Patients. Corresponding to the 10 questions from the
SUS scale, patients presented their opinions are shown as follows:

Regarding “I would like to use this system frequently” (S1). The results showed that
9 patients indicated that they were willing to use the device frequently, and were willing
to buy it and continue to use it at home.

Regarding “the unnecessary complexity of this system” (S2). One patient said that
the actions and operation steps were relatively complicated. The other 9 patients thought
that they could learn it more times and could operate independently.
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Regarding “the ease of use of the system” (S3). 8 patients indicated that the system
was not difficult to operate. The problem they encountered was that when selecting game
items or menus, it was difficult for them to control the force steadily in one position,
causing the indicator to fail to accurately stay on the selected option.

Regarding “the assistance of technicians to use this system” (S4). It was found that
6 patients felt that it would be better to have help from the therapist or family members
to install the TV equipment, and it would be easier to understand how to operate it. The
other 3 patients indicated that they did not need assistance and could operate according
to the instructions of the game.

Regarding “I found the various functions in this system were well integrated” (S5).
All patients considered the system to be well-integrated. The reason is that the upper
and lower limbs can be trained at the same time, and there are also different game modes
for diversified training.

Regarding “I thought there was too much inconsistency in this system” (S6). 5
patients said that the system operation is relatively consistent, and it is easy to operate
after getting familiar with it. Another patient pointed out that there would be confusion
and not knowing how to use it, for example: the fitness ring sometimes needs to be held
vertically, or sometimes it needs to be held horizontally.

Regarding “most people will learn to use the system quickly” (S7). 9 patients agreed
that they could learn to use it quickly.

Regarding the system is very cumbersome to use (S8). All patients thought that the
operation was not cumbersome.

Regarding “I felt very confident using the system” (S9). The results indicated that
all patients felt very confident using the system.

Regarding “I need to learn a lot of things before I start using this system” (S10). 2
patients thought that the preparatory work should be completed more smoothly under
the guidance of the trainer, and they had difficulty reading the screen to complete the
operation by themselves. The other 7 patients thought that they could learn it by following
the instructions of the instructor in the game, and they were willing to learn and use it
by themselves.

Summarizing the results of the SUS assessment and the participants’ experiential
comments, the following three findings can be presented: (A) Patients responded posi-
tively to the usability of the RFA gaming system and were willing to continue using it for
upper extremity rehabilitation. (B) Patients rated the learnability of the RFA game sys-
tem as moderate with varying grades of response. It may be that the patient is relatively
unfamiliar with this device, and feels that there are many objects to learn or it is difficult
to use it independently. (C) Some patients expressed their willingness to purchase the
device for rehabilitation training at home, which provides a new reference for future
game design and development.

4 Conclusion

This study aims to evaluate the feasibility of using the Ring Fit Adventure in the upper
extremity rehabilitation treatment of stroke patients. This paper reports the results of
the usability of the RFA game system for UE rehabilitation. Expert interviewing to
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professional occupational therapists about the applicability of the RFA game system
and usage needs. A questionnaire survey to stroke patients about the usability of the
RFA game system. In summary, the following points can be concluded:

(1) It is feasible for the RFA game system to be applied to upper extremity rehabilitation,
and stroke patients have a high positive response on usability. With regards to the
overall SUS score reported by participants for the RFA game, the overall mean SUS
score was 67.75 (SD 5.70) out of 100. The overall mean SUS score for Usability
was 72.18 (SD 7.43) out of 100.

(2) The game interface design suggestions for stroke patients are as follows: (A) When
a certain action cannot be completed, the patient hopes to pop up a screen to guide
the next step. (C) If a game cannot be completed, suggest that a secondary game is
required. (D) The game’s action description speed can be adjusted. (F) The content
of the game interface should be clearer, for example: use color and black and white
together to highlight key actions.

(3) New fitness exercises design. The types of exercise can be added are: (A) Elbow and
wrist movements and strength training. (B) one-hand exercises.

The results of this study provide evidence as a decision-making basis for clinical reha-
bilitation doctors and therapists, open the integration of clinical treatment and emerging
technologies, and provide reference for medical development and virtual reality game
design related industries.
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Abstract. As Instagram Stories feature launched in the recent past, a few prior
studies were discussing the use and the behavior intention of its Stories feature
(Amancio 2017; Valiant and Setiawan 2017). During the COVID-19, social media
technologies were important for disseminating information as many nonprofit
health organizations sought to address public worries and the need for reliable
information about the disease, leading public relations professionals and govern-
ments to view these platforms as an effective channel for strategic health communi-
cation and promoting public health preventive measures. For example, in order to
connect virtually, Instagram has also added its donation sticker to more countries
which helps users communicate with charities, and created a “Stay Home” shared
story to encourage people who practice social distancing (Sharma and Agrawal
2020).

While most ephemeral social media studies focus on individual users’ motiva-
tion to use Instagram and advertising, the effects of the ephemeral content and fea-
tures of Instagram Stories about public health campaign were under-investigated.
This paper follows Theory of Reasoned Action (TRA) to explore the effects of
Taiwan’s younger generation Instagram Stories usage (frequency, content, and
features) on their intention to adopt epidemic prevention measures and subjective
norms’ moderating effects. A total of 819 participants completed an online survey
and the results showed significant positive relationships between Stories usage
and behavior intention, attitudes and behavior intention, and between subjective
norms and behavior intention, with attitudes moderated by subjective norms. The
implications of the role of ephemeral social media play in public health campaign
were discussed.

Keywords: ephemeral social media · Instagram Stories · subjective norms ·
public health campaign

1 Introduction

Recent research suggests that social media is a key medium for crisis communication
when it comes to public relations (Guidry et al. 2019), the integration ofmedia by becom-
ing a channel to gain access, verify and distribute information (Vázquez-Herrero et al.
2019), little is known about how ephemeral content usage on social media would impact
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users’ engagement both online and in the real world by shaping the public’s response to
social and public health campaigns. Taking pandemic prevention as an example, do users
take action in reality when they see the information about promoting wearing masks or
washing hands on Instagram Stories?

In addition, the constant technological innovations have redefined the media outlets,
social media has become networked communications that allow users to express their
thoughts, communicate and interact with their peers as they create personal profiles,
consume, and produce content (Boyd and Ellison 2007). Prior studies further indicated
that social media replaces social interaction and how people obtain messages (Ku et al.
2013), and how the usage of Instagram Stories features affect coping behavior (Chen
and Wang 2019).

As Stories feature launched in the recent past, few prior studies were discussing the
use and the behavior intention of Stories feature usage from individuals (Amâncio 2017;
Valiant and Setiawan 2017). During the COVID-19 pandemic, social media technologies
were important for disseminating information as many nonprofit health organizations
sought to address public worries and the need for reliable information about the disease
(Mheidly and Fares 2020), leading public relations professionals and governments to
view these platforms as an effective channel for strategic health communication and
public health campaigns.

2 Literature Review

2.1 Social Media Usage and Ephemeral Content

The intention of using the Stories feature reflected its pleasure, convenience, relative
advantage, and observability that users associate with (Cai 2017; Wang 2017). This
huge growth of Instagram has altered the modes between audiences and brands, news
agencies. Belanche et al. (2019) added that users can follow different stories, going
back and forth in chronological order to previous and subsequent stories. Because of its
high visual nature and user engagement rate, Instagram was considered a useful tool for
socialmediamarketing and public service. Consequently, as the role of InstagramStories
becomes increasingly significant in daily life, the importance of this topic becomes
clearer.

Instagram Stories, on the other hand, is the visual platform that aims to interact
privately with others (Larsson 2017), people can “share their life moments with friends
through a series of (filter manipulated) pictures and videos” (Hu et al. 2014, p. 595). The
media not only sees it as an appliance to communicate with sources, sharing stories, and
showing audienceswhat happens behind the scenes (Thornton2013), but also strengthens
the interaction with young people and brand recognition. New features like Instagram
Stories enable the media to experiment with diverse storytelling. According to Schmidt
(2018), the Cincinnati Enquirer, the newspaper developed a direct connection with their
readers by adding a Q&A feature on their Instagram Stories.

There are eight patterns identified by Amâncio (2017) in Instagram Stories and
Snapchat including presenting emotions, foods, interaction, updates, people, self-
images, animals, and environment. According to Robin (2008), one of the popular types
of digital storytelling is presenting emotions in stories; it shows the creator’s personal
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experiences which can be centered on life events and feel emotionally and personally
meaningful to authors and the audience. There are various ways that users can display
emotions, such as expressing feelings, responding to the subject vocally, or even using
“haha” to show a sense of humor on the internet (Savitri and Irwansyah 2021).Moreover,
since food takes a major part of their daily life, it has become a trend that people started
sharing food, drinks, and even recipes with their friends on Instagram.

Stories are not only the platform features that provide information for other users to
view but also enable interaction between the two by sending messages and commenting
on what is happening. While any content being shared can be considered as updating,
the immediacy of users uploading the events is worth noting given that users can inform
their followers what they were doing or what they just did by using the update patterns
on the Stories. Meanwhile, users share Stories to showwho they are with, such as family,
friends, or random people on the streets; a selfie is also a common practice to express
their self-image and to create a digital identity online. Animals and the environment are
often the popular objects to present on the internet as the surroundings show where the
events occur or where characters are to help other users place themselves in the scene
of the uploader (Savitri and Irwansyah 2021).

2.2 Affordance and Social Engagement

To understand how InstagramStories users interact with the platform during the COVID-
19 pandemic, this study adopts affordance to explain posting and sharing information.
Affordance was defined as individuals’ capabilities, objectives, values, and thoughts
by Norman (1988). Moreover, Islam et al. (2020) categorized affordances into techni-
cal affordances, individual affordances, and contextual affordances by citing Norman’s
(1988) definition. Technical affordance refers to the technical features that social media
platforms provide to the users such as sharing news and exploring information; Individu-
als affordance is when individuals have opportunities to promote themselves, ideologies
or just for entertainment purposes; According to Islam et al. (2020), the emergence
of COVID-19 has created a new condition of contextual facilitation. As new diseases,
policy-related news, and health advice recommendations arise, users have been given
contextual help to discuss and comment on topics.

Taylor Swift, an American singer who has been silent about her political beliefs for
a long time, posted an opinion on politics on Instagram supporting the candidates in her
hometown Tennessee state and encouraging millions of Instagram followers to register
and vote (Nisbett and Schartel Dunn 2021).Within 24 h, there was a spike of 65,000 new
registration of voters. org which was more than the number registered during September
that year which made national news.

Although the impact of celebrities and influencers on elections are mixed to con-
vince, while viewers are already acquainted with them (Chung and Cho 2017; Nisbett
and Schartel Dunn 2021), there is empirical evidence that the impact of celebrities on
poll numbers can be substantial. Garthwaite and Moore (2013) mentioned when Oprah
Winfrey endorsed Barack Obama in 2008 which led to a bump in Obama’s poll numbers.
As a result, even though there are some negative comments about Swift’s statements,
more than two million users actually “liked” them. Nisbett and DeWalt (2016) further
indicated that celebrities and influencers therefore could inspire potential voters to seek
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out further information. In addition, many researchers pointed out that entertainment
media is a way to impact voters who have low interest and knowledge given that it is
unlikely they will do their own research (Van Doorn et al. 2003). Political information
may be more accessible and intelligible if it is consumed through entertainment venues
such as social media.

During the 2008 U.S. presidential elections, it is shown that people got information
about candidates, campaigns, and news through social media according to PewResearch
2008 (Kim and Chen 2016). Hansen et al. (2010) mentioned that people were also able
to make comments, post their opinions actively during political events (Kim and Chen
2016). Lim (2008) found that a person’s social network is a critical component in civic
and political engagement, for instance, citizens can contact government officials, attend
meetings for social issues and even participate in social movements. Additionally, it is
explained that the personal connection people have on social media may encourage or
ask them to participate in social activities (Lim 2008). By exposing various perspectives
on social networks with their family, friends, or strangers, social media not only enables
people to share news and information but also increases their actions on social issues
(Kim and Chen 2016).

With the affordances provided by social technologies, people can share information
with others. While social media enables users to generate content, sometimes it is hard
to decide what information to publish to online users (Marwick and Boyd 2014). As
sharing posts in persistent forms brings tensions to the users, the number of people using
ephemeral content has grown evidently and became one of the prominent components of
user experience in social media (Chen and Cheung 2019). Ephemeral content refers to
a form of communication which can be synchronously delivered to engage other users,
such as text, images, and video that will be removed after a certain time period. For
example, Instagram Stories allows users to share ephemeral materials and interact with
publishers by replying to the story.

2.3 The Effects of Stories Usage (Frequency, Features, and Content) on Attitudes

With providing immediately interactive features through polling stickers, “swipe up”
function (Chen and Cheung 2019), researcher investigated the effects on advertising
from the perspective of consumer involvement through the unique characteristics of
Instagram Stories, and how viewing story became part of users’ daily routine once they
open Instagram. Yet, there is a lack of research on whether viewing Instagram Stories,
a 15-s based ephemeral content, will trigger users to engage in certain activities offline.
Despite the fact that people are increasingly accepting ephemeral social media content,
existing literature on how they utilize the features and their effect is still in its early
stages. For instance, Chen and Cheung (2019) demonstrated how user’s gratification
impacted their engagement with ephemeral contents; Bainotti et al. (2021) showed the
contradiction between ephemeral content and archive cultures; Vázquez-Herrero et al.
(2019) also found that how media produce ephemeral content for Instagram Stories to
adapt their news to the platform and users’ preferences.

To be specific, since Instagram launched Stories in 2016, the features have been con-
tinuously added for users to edit and share content in real-time, to name a few according
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to Lu (2020): (1) various types of video (i.e. boomerang, superzoom, rewind, hands-
free, and stop-motion); (2) face filters that can add different materials to change one’s
appearance; (3) drawings and handwritings; (4) texts in different styles (i.e. adjustable
size, fonts); (5) stickers such as mention, location, hashtag, GIFs, polls, emoji sliders,
ask me questions stickers.

Instagram enables users to interact with the online community, and a hashtag can be
considered as one of the social engagement features since it can be seen as a contribution
to the socialmedia community by everyone on Instagram.During the pandemic outbreak,
hashtags like “Covid19”, “StayHomeStaySafe”, and “SocialDistancing” are trending on
social media (Stewart 2020). According to Sharma and Agrawal (2020), users no longer
can search for filters with COVID-19 themes unless they were created in collaboration
with recognized health organizations on Instagram,while InstagramSearch also includes
educational tools and stickers that promote correct content. Moreover, any COVID-19
material and accounts from non-recognized health organizations have been excluded
from the list of recommended resources. In order to connect virtually, Instagram has
also added its donation sticker to more countries which helps users communicate with
charities, and created a “Stay Home” shared story to encourage people who practice
social distancing (Sharma and Agrawal 2020). The current study includes not only fre-
quency of Stories usage and COVID-19 related Stories content, but also Stories features
to explore their effects on attitude toward sharing COVID-19 information on Instagram
Stories. Consequently, the hypothesis is proposed as below in this study:

H1: The more often participants use Instagram Stories, the more favorable attitudes they
have toward sharing COVID-19 information on Instagram Stories.
H2: The more often participants use Instagram Stories Features, the more favorable
attitudes they have toward sharing COVID-19 information on Instagram Stories.
H3: The more often participants perceive COVID-16 related information via Instagram
Stories, the more favorable attitudes they have toward sharing COVID-19 information
on Instagram Stories.

2.4 Effects of Subjective Norms

Fishbein and Ajzen (1975) proposed the Theory of Reasoned Action (TRA) that focuses
on attitude and social beliefs which states that one’s particular behavior could be affected
by an individual’s behavior intention. In order to explore the impacts on social media,
the three components included in TRA were used in current study: attitude, subjective
norm, and behavior intention.

TRA analyses an individual’s attitude and subjective norms, resulting in a prediction
of their intention to share information and take action accordingly. This further deter-
mines the way an individual shares information on social media and adopt COVID-19
related preventative measures. The general feelings and behavior of one’s sharing infor-
mation formed their attitudes towards information sharing. Lin et al. (2013) found that
an individual’s feelings and behaviors of sharing information on social media would
shape his/her attitudes toward information sharing, whereas subjective norms refer to
the way an individual evaluates the behavior of other people in sharing information on
social media. The attitude is defined as the function of the strength of beliefs about the
behavioral outcome and the evaluation of that particular behavior (Ko and Yu 2019).
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According to TRA, attitude and subjective norm will influence the behavioral intention
whereas attitude refers to the positive or negative assessment of a specific behavior and
is decided by behavioral beliefs (the possibility of various behavioral outcomes) and
behavioral evaluations (strength and weakness of the outcomes).

Prior research used TRA to examine the association between beliefs and attitudes
in numerous behavioral scenarios such as investigating how guardians impact the atti-
tudes towards online software piracy using this theory along with routine activity theory
(Petrescu et al. 2018). Chen et al. (2009), Lu and Hsiao (2007), and Liang and Yeh
(2011) used TRA to explore the continuance of behavioral intentions. For instance, Lu
and Hsiao (2007) studied how individuals’ intention to share information on weblogs
is determined. In addition, existing studies are focusing on how Uses and Gratification
and TRA explained the news-sharing behaviors in terms of behavioral intentions given
that both are based on the expectation concept (Lin et al. 2013). Primarily, individuals
obtain information to satisfy their gratification on information acquisition (Lee and Ma
2012), by sharing information, they are able to communicate with others (Choi 2016)
and secure a sense of belonging (Ma et al. 2011; Lin et al. 2013). With the need to seek
status (Lee and Ma 2012) among peers on social networking sites, users tend to draw
attention or get recognition (Choi 2016) from others (Lin et al. 2013). A study made by
Holton et al. (2014) further pointed out that users are not only using Twitter for infor-
mation seeking but also sharing. Consequently, it is speculated that viewing Instagram
Stories may obtain gratification along with Instagram users’ evaluations which became
the beliefs of behavioral outcomes. Based on TRA, subjective norms, the normative
beliefs and motivations to comply with those we think they are important, will affect
the behavior intention. Therefore, the current study hypothesizes that subjective norms
would play amoderating role on users’ intention to adopt epidemic preventionmeasures.
Besides, we proposed the research framework of current study as Fig. 1 shows.

H4: Subjective norms would moderate the effects of attitudes on users’ intention adopt
epidemic prevention measures.

Frequency

Features Attitude Intention

Subjective Norms

Content

Fig. 1. Research framework
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3 Survey Method

3.1 Participants and Procedure

A total of 839 subjects participated in the online survey between August and September,
2021. After eliminating 20 incomplete questionnaires, 819 responses were analyzed in
total. All respondents were incentivized with the chance to win gift cards.

Respondents consented to participate in the study first and then they were instructed
to fill out the filter questions that asked whether they had an Instagram account and used
InstagramStories before.Next, theywere asked to respond to questions pertaining to their
Instagram Stories usage, attitudes, subjective norms, and willingness to adopt COVID-
19 preventive measures. Finally, they were asked to provide demographic information,
including age, gender, and education.

Among 819 participants, 69.7% of them were females, and the average age was
22.6 years old (SD = 3.13). The majority of the participants obtained bachelor degree
(77.3%).

3.2 Measures

The survey included questions referring to constructs, dimensions, and items from pre-
vious studies whose reliability and validity have been established and were adjusted
according to the research background and the opinions of the pre-test results. The reli-
ability standard of the constructs was evaluated by their Cronbach’s alpha coefficients.
The questionnaires captured variables regarding Instagram Stories frequency, contents,
features, attitudes toward sharing information on Instagram Stories, subjective norms,
and intention to adopt epidemic prevention measures.

TheUsage of Instagram Stories. The first measurement of Instagram use is frequency.
Four items were used in the questionnaire to investigate participants’ frequency of using
Instagram Stories (M = 4.35; SD = 1.13, Cronbach’s α = .71), such as (1) How often
do you use Instagram Stories by viewing others’ Stories in a week (M = 6.58; SD =
1.05); (2) How often do you reply to others’ Stories in a week (M = 4.28; SD = 1.77);
(3) How often do you post your own Instagram Stories in a week (M = 3.70; SD =
1.63); (4) How often do you share something (e.g., music, reposting other stories, etc.)
to your Instagram Stories in a week (M = 2.84; SD = 1.61). The level of engagement
was assessed ranging from 1 (never), 2 (not once this week), 3 (once this week), 4 (2–3
times this week), 5 (4–6 times this week), 6 (once a day), to 7 (several times a day).

Next, participants were asked to answer their usage on Instagram Stories Features,
three questions were used to explore how often participants use Instagram Stories Fea-
tures (M = 3.75; SD = 1.48, Cronbach’s α = .35), such as (1) How often do you skip
others’ Instagram Stories (M = 3.79; SD = 1.29); (2) How often do you use Instagram
Stories by responding to Stories features created by others (e.g., poll stickers, emoji
reactions, etc.) (M = 3.60; SD = 1.33); (3) How often do you post your own Stories
with Instagram Stories features (e.g., digital filters, texts, draws and handwritings, links,
etc.) (M = 3.85; SD= 1.77). Similarly, the levels of engagement were assessed ranging
from 1 to 7 (1-never and 7-always). Because the reliability of Instagram Features usage
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was quite low, the current study decided that only the last two items were averaged as a
composite score for subsequent analysis (r = .40, p < .001).

Furthermore, three items were used to measure the frequency of viewing COVID-19
prevention measures content via Instagram Stories (M = 4.09; SD = 1.03, Cronbach’s
α = .71): (1) How often do you see people post information about washing hands to
prevent COVID-19 on Instagram Stories (M = 3.12; SD = 1.27); (2) How often do you
see people post information about wearing masks to prevent COVID-19 on Instagram
Stories (M = 4.30; SD= 1.44); (3) How often do you see people post information about
being vaccinated on Instagram Stories (M = 4.85; SD= 1.24). The levels of engagement
were also assessed ranging from 1 to 7 (1 = never, 7 = always).

Attitudes Toward Sharing Information on Instagram Stories. Three items adopted
from Fishbein and Ajzen (1975) and modified according to the current study’s purposes
to measure attitudes toward sharing information on Instagram Stories (M = 4.84; SD =
1.03, Cronbach’s α = .83): (1) The story about COVID-19 is informative (M = 4.84;
SD = 1.15); (2) The publisher of the content on Instagram Stories is useful (i.e. CDC,
celebrities, news agencies) (M = 4.98; SD = 1.25); (3) The content about COVID-19
on Instagram Stories is useful (M = 4.71; SD = 1.16). Those three items were scored
from 1 to 7 (1 = strongly disagree, 7 = strongly agree).

Subjective Norms. Subjective norms refer to a function of normative beliefs and moti-
vations to comply with those we think they are important. Three items for measuring
subject norms were adopted and modified from Lu and Hsiao (2007), Ting et al. (2016),
and Fishbein and Ajzen (1975) (M = 4.15; SD= 1.17, Cronbach’s α = .80): (1) People
who are important to me expect me to create content on Instagram Stories (M = 3.92;
SD = 1.44); (2) People who are important to me think I should use Instagram Stories
(M = 3.76; SD = 1.44); (3) People whose opinion I value would approve my use of
Instagram Stories (M = 4.77; SD= 1.28). Those three items were scored from 1 to 7 (1
= strongly disagree, 7 = strongly agree).

Intention to Adopt Epidemic Prevention Measures. Two items were adopted from
Finset et al. (2020) about individuals’ relevant behavior changes to prevent COVID-19
and one item about vaccination was also added (M = 4.69; SD = 1.37, Cronbach’s α =
.84): (1) I would remember to wash my hands when I saw others posting information of
washing hands to prevent COVID-19 on Instagram Stories (M = 4.47; SD= 1.54); (2) I
would remember to wearmaskswhen I saw others posting information of wearingmasks
to prevent COVID-19 on Instagram Stories (M = 4.95; SD = 1.59); (3) I would sign up
when I saw others posting information of being vaccinated on Instagram Stories (M =
4.66; SD = 1.59). Those three items were scored from 1 to 7 (1 = strongly disagree, 7
= strongly agree).

4 Results

The most central motivation for this study was to explore the extent to which ephemeral
social media content contributes to people’s intention to adopt COVID-19 preventive
measures during epidemic, and thereby offer a starting point for testing the theoretical
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claims embedded in TRAmodel that ephemeral format would not weaken the persuasion
effects. Toward this aim, hierarchical regression and path analyses were employed.

Two hierarchical regression analyses were employed to test the four proposed
hypotheses. The first hierarchical regression analysis examined the extent towhich Insta-
gramStoriesUsage contribute to attitudes toward sharingCOVID-19 related information
on Instagram Stories. All control variables were included in the first block, followed by
the Instagram Stories usage variables (Instagram Stories Frequency, Instagram Stories
Features, and Instagram Stories Content) in the second block. The results support the
third hypothesis, yielding a moderate significant relationship between Instagram Sto-
ries Content and attitudes toward sharing COVID-19 related information on Instagram
Stories (β = .38, p < .001). The first and the second hypotheses were not supported.
Instagram Stories Frequency and Instagram Stories Features were not associated with
attitudes. Please see Table 1 for the results.

The second hierarchical regression analysis examined the extent to which attitudes
toward sharing COVID-19 related information on Instagram Stories contributes to inten-
tion to adopt COVID-19 preventive measures during epidemic, and the extent to which
subjective norms moderate this contribution. All control variables were included in the
first block, followed by the main effect variables (attitudes and subjective norms) with
the interaction term in the second block. The main effect variables were standardized by
centering them before the interaction terms were used in order to avoid multicollinearity
problems between the interaction term and its components. The results support the fourth
hypothesis, yielding significant relationship between attitudes and behavior intention (β
= .65, p < .001), and between subjective norms and behavior intention (β = .33, p <

.01), with attitudes moderated by subjective norms (β = −.32, p < .05). See Table 2.
In addition to the direct andmoderated relationships tested in the hierarchical regres-

sion models, a path analysis was used to explore the overall research model. R lavaan
package was used to analyze the model-data fit. The initial model was not fit with the
collected data, χ2(4) = 87.08, p < .001, CFI = .83, TLI = .61, RMSEA = .16 [.13,
.19], SRMR = .05. After removing Instagram Stories Frequency and Instagram Stories
Features and adding the path that Instagram Stories Content contributes to Intention,
the final model fairly fit with the data, χ2(1) = 39.46, p < .001, CFI = .92, TLI = .89,
RMSEA = .08 [.05, .09], SRMR = .05. (Hu and Bentler 1999). According to Hu and
Bentler (1999), the Chi-square test and fit indices of current analysis showed a good
fit between data and the proposed model, although the RMSEA’s 90% CI upper limit
exceeded .08 which may be because the sample size was relatively small. See Fig. 2.
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Table 1. Results of hierarchical regression analysis for attitudes toward sharing information on
Instagram Stories

Dependent variables Attitudes toward sharing information on Instagram
Stories

Predictor variables β β

Block 1

Gender .07 .04

Age −.01 .01

Education −.03 −.02

Adjusted R2 .00

F 1.65

Block 2

Frequency .03

Features .04

Content .38***

Adjusted R2 .15***

�R2 .15***

�F 25.14

*p < .05; **p < .01; ***p < .001

5 Discussion and Conclusion

5.1 Discussion

The current study explores the relatively new feature among social media, Instagram
Stories, that whether Instagram Stories enhance users’ attitudes towards social issues
and contribute to the literature of the role of social media for COVID-19 preventative
measures. The results have shown that ephemeral social media content contributed to
participants’ intention to adopt COVID-19 preventive measures during epidemic, and
ephemeral content’s persuasion effect was still in line with TRA model. Findings from
this study have practical implications. It is essential to reveal salient behaviors of using
Instagram Stories, once the behaviors are identified, public health campaigns could tailor
the message –a 15-s based ephemeral content can trigger users to engage in certain
activities offline, to foster a more favorable attitude toward the epidemic prevention
measures.

In light of subjective norms, public health campaigns could portray preventive mea-
sures as a socially acceptable and responsible act toward the pandemic. Another theo-
retical contribution, whereas the literature suggests that social media use is associated
with discussing essential issues as they provide real-time updates of breaking news
(Small 2011), and previous studies suggested that people rely on social media as their
news sources to keep themselves well-informed by receiving information from peers
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Table 2. Results of hierarchical regression analysis for intention to adopt epidemic prevention
measures

Dependent variables Intention to adopt epidemic prevention measure

Predictor variables β β

Block 1

Gender .04 .00

Age .02 .02

Education .02 .04

Adjusted R2 .00

F .61

Block 2

Attitude .65***

Subjective Norms .33**

Attitude × Norms −.32*

Adjusted R2 .27***

�R2 .27***

�F 51.97

*p < .05; **p < .01; ***p < .001

.11***

.41***

.08**

Content Attitudes

Subjective Norms

Intention

.39***

.22***

Fig. 2. The final model of current study

(Valeriani and Vaccari 2015; Ahmadi and Wohn 2018) as the ephemeral news through
Instagram Stories enhance the visibility and interaction with the younger generation
(Stefanou 2017; Vázquez-Herrero et al. 2019). This study fills the gap to understand
whether social issues appearing on Instagram Stories would trigger users to take action,
promoting health-related preventive behaviors.
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5.2 Limitations and Future Research

Despite all the enlightening findings including examining a range of Instagram Stories
features and exposure to health-related social issues in the same sample and exploring
past experience of Instagram Stories usage, several limitations are worth noting.

First, this study discussed both frequency and features of Instagram Stories as effec-
tive variables; however, some features do not significantly predict users’ attitudes and
have no significant impact on intention. The survey of Stories features usage could be
more specific. According to Small (2011), hashtags raised the awareness of social issues
on Twitter by calling for actions, enabling Twitter users to share their stories, fears, and
support toward social issues. Yet, in the current study, the scale adopted of Instagram
Stories features has not been redesigned or tested to fit the research of exploring users’
behaviors. Not only so, future research can explore other reasons that may affect users’
attitudes toward social issues in terms of social media features usage, such as different
users’ degrees of immersion while viewing content on Instagram Stories.

Secondly, because the current study employed survey method, the participants could
merely respond based on their impressions and recalls. Future research can use experi-
mental design for collecting behavioral data to investigate the relationships among those
variables to avoid participants’ recall issues.

Finally, there may be some restrictions on the sample in this study. The majority of
the participants were females (69.7%), and the imbalance of the ratio of men to women
may affect the representativeness of the research results.

Also, two suggestions for future research. First, this study only focused on the Insta-
gram Stories features, however, the ephemeral feature is also now available and popular
on other social media platforms like Facebook, Snapchat, and YouTube. Future research
can compare the effects of the Stories feature across these social media platforms. For
example, it can also be added to the comparison to explore the differences in the expo-
sure effects of platforms with different characteristics or to compare the difference of
the effects between the posts and Instagram Stories on the same Instagram platform.
Second, this study did not examine the effects of personality and other individual differ-
ence variables, and they might have played an important role on attitudes and behavior
intention.
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Abstract. In the past, our research team has proposed the conceptual framework
of Flow Ergonomics (FE) and the Flow Ergonomics Sale (FES) 80 (FES-80). This
scale is similar to the SF-36 scale, which is also used to assess the health condition
and also takes into account the physical and mental aspects. However, different
from the FES, it focuses on the health status of employees in their work and life.
Good work quality is good for health. The FES is a multi-project scale with seven
dimensions: (1) Transcendence and oneness; (2) Present attention; (3) Positive
emotion and meaning; (4) Negative emotion; (5) Pleasure Life; (6) Compassion;
(7) Acceptance. In this study, 100 flight attendants were recruited and tested. After
the actual test, due to the feedback of toomany items, the teamwill select the items
again, put forward the development process and origin of FES 45 (FES-45), and
summarized their selection logic. Compare the contents and characteristics of
FES-45 with the original FES-80.

Keywords: Flow Ergonomics Scale · Reliability · Validity · Item Selection ·
Compassionate Meditation · Flight Attendants

1 Introduction

In the past, our research team proposed the concept of Flow Ergonomics (FE), and devel-
oped the Flow Ergonomics Scale (FES). The FE is a more complete theory of Human
Factors/Ergonomics (HFE). In the past, HFE can only be divided into three categories:
physical human factor, cognitive human factor, and organizational human factor. The
research team found that, in response to future changes and the development of tech-
nology, HFE development must consider the physical and mental state of people, and
human interaction can reduce the pressure in all kinds of life. It shows that the academic
community believes that occupational health, ergonomics and product design are the
three main areas of the development of HFE in Taiwan. FE is a feeling that one’s mental
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power is fully invested in certain activities. When FE occurs, there will be a high sense
of excitement and fulfillment. The conceptualization of FE originates from the peak
experience field. All people can get the best experience [1]. HFE is an important engi-
neering technology discipline, which studies the interaction and reasonable combination
of human, machine and environment, so that the designedmachine and environment sys-
tem can adapt to human physiological and psychological characteristics, and achieve the
goal of improving efficiency, safety, health and comfort in production. The academic
community believed that occupational health, ergonomics and product design were the
three main areas of the development of human performance engineering in Taiwan. This
study discusses this issue from the perspective of human factors of cardiac flow. The
FE can be said to be a way to improve the spiritual level of human beings, and can be
effectively used in the workplace and work. The conceptual framework and scale of FE
is a set of innovative thinking, which will be provided to employees in all industries
in the future. Therefore, it needs more inspection and adjustment to make the concept
and scale more stable and practical. Through the analysis of the experimental test struc-
ture of flight attendants and the selection of items, the team proposed the development
process and origin of FES 80 (FES-80) after the re-selection of items, and summarized
their selection logic. Compare the contents and characteristics of FES 45 (FES-45) with
the original FES-80. SF-36 is a set of tools designed to evaluate and investigate health
status, which has been widely used and recognized. This study will develop the FES-45
scale according to the construction and development of the SF-36 scale. The conceptual
framework proposed by FE is composed of seven dimensions: (1) Transcendence and
oneness; (2) Present attention; (3) Positive emotion and meaning; (4) Negative emotion;
(5) Pleasure Life; (6) Compassion; (7) Acceptance. Based on empirical research, this
study conducted exploratory and confirmatory factor analysis on the sample, adjusted
the conceptual model of FE factors and the FES, and then measured the reliability and
validity. The FES developed in the past in this study consists of 86 items. After the actual
application of flight attendants, the inappropriate itemswere deleted and eliminated after
analysis, so as to make the FE concept and scale more suitable for use.

2 Literature Review

Flow is an absorbing psychological state spontaneously generated when individu-
als are occupied by challenging activities. Flow includes concentration, loss of self-
consciousness, a change in the sense of time and space, and the integration of activities
and consciousness [2]. Research shows that it can counteract mental illness symptoms
[3]. Besides the well-studied positive effects of flow, there is also evidence of poten-
tial undesired effects, such as impaired risk perception or increased risk of becoming
addicted to flow-inducing activity [4]. Flow at work is defined as an intense short-peak
experience at work characterized by absorption, enjoyment and intrinsic motivation.
Absorption is characterized by a state of total concentration in which the individual is
completely immersed in his or her work. The notion of time is distorted, and there is
a momentary loss of self. Work enjoyment refers to feeling happy and making positive
evaluations of the flow experience. Intrinsic motivation at work refers to performing
an activity for its own sake and satisfaction, without necessarily seeking some extrinsic
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reward [5]. According to Csikszentmihalyimodel of the flow state [6], personal-tool-task
model [7], and the input process-output framework [8], the preconditions for entering a
flow state are timely progress feedback, clear task objectives, and challenge skill balance
[9].

Since flow is primarily experienced in stress-relevant situations (e.g., teaching, illegal
graffiti spraying), an association between flow experience and psychological and physi-
ological stress seems logical. Concurrently, the variety and availability of job resources
(e.g., autonomy, social support, opportunities for development) were positively related
to work-related flow experiences [10] and fostered the occurrence of future flow at work
[11]. Thus, the state of flow was most often experienced in work contexts that combined
an abundance of job resources with challenging job demands [12, 13]. At this time, they
are absorbed in work with a sense of enthusiasm and thriving, which is necessary to
cultivate flow [14, 15]. The transactional stress model describes the process of evalu-
ating a situation with the help of various appraisal steps and conveys that individuals
experience stress (threat or harm) if the demands of the situation exceed the resources of
the person [16]. In this respect, the definitions of anxiety and stress in the corresponding
models can be considered equivalent [14]. Flow occurs in a state between relaxation and
stress, when demands can be handled positively [14, 17]. In line with these perspectives,
Bakker and Woerkom [12] proposed that individuals can create their own work related
flow experiences by using proactive individual strategies such as job crafting. Recent
empirical findings have shown that task crafting predicted flow in millennial youth (i.e.,
dimension of work engagement) [18].

In the past, the construction of the FES was derived fromMaslow’s hierarchy model
of needs [19]. The complete expression should be six levels, namely, physiological needs,
security needs, belonging and love needs, respect needs, self-realization needs and tran-
scendence needs. The need for transcendence can also be called the spiritual need or the
need for transcendence and self-realization. In the past, when constructing the scale, the
research team included these levels of needs, and took mindfulness, mind flow, spiri-
tuality, mind flow, happiness, and oneness as the support of the theoretical framework.
Through the foundation of these theories, the model and scale were constructed.

The State Mindfulness Scale (SMS) includes two dimensions: state mindfulness
reflecting body feeling and mindfulness stating psychological events. There are 15 ques-
tions about body mindfulness and 6 questions about mental mindfulness, totaling 21
questions [20].

The answer type is Likert five-point scale, “1” means completely inconsistent, and
“5” means completely consistent; The total score of each sub-scale is the score of each
sub-scale, and the total score of the two sub-scales is the total scale score. The sex
Cronbach’s alpha measured in the study was 0.95. The FE meter is used to measure
the FE state of subjects, and the FE theory proposed by Csikszentmihalyi is adopted
[5]. The Short Dispositional Flow Scale 2 (SDFS-2) contains 9 dimensions: a total of 9
questions. The answer type is Likert five-point scale, “1”means completely inconsistent,
and “5” means completely consistent. The total score of each subscale is the score of
each subscale, and the total score of the subscale is the total scale score.

TheSpiritualAttitude and InvolvementList (SAIL)was used tomeasure the spiritual-
ity of subjects [21]. This scale includes 7 dimensions: meaning, trust, acceptance, caring
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for others, connection with nature, transcendental experience and spiritual activities,
totaling 26 questions. The answer type is Likert six-point scale, “1” means completely
inconsistent, and “6” means completely consistent; The total score of each sub-scale
is the score of each sub-scale, and the total score of seven sub-scales is the total scale
score. The sex Cronbach’s alpha measured in the study was 0.95.

The Subjective Well-Being (SWB) is composed of two parts: emotional balance and
life satisfaction [22]. Therefore, this study uses the positive and negative emotion scale
to measure the positive and negative emotion experience of the subjects, and the life
satisfaction scale to measure the life satisfaction of the subjects [23].

The Positive and Negative Effect Scale (PANAS) includes two dimensions [24]:
positive emotional experience and negative emotional experience, with 10 dimensions,
totaling 20 items. The answer type is Likert five-point scale, “1” means completely
inconsistent, and “5” means completely consistent; The total score of each sub-scale is
the score of each sub-scale, and the total score of the two sub-scales is the total scale
score. Past studies have shown that it has quite good validity [25, 26]. The Cronbach’s
alpha measured in this study is 0.95.

Life satisfaction, the life satisfaction scale is used to measure the life satisfaction
of subjects. The Satisfaction with Life Scale (SWLS) has 5 questions in total [27]. The
answer type is Likert seven-point scale, with “1” indicating complete non-compliance
and “7” indicating complete compliance; The total score is the scale score. Past studies
have shown that it has quite good validity [28, 29]. The Cronbach’s alpha measured in
this study is 0.95. The Oneness has 16 measurement items, which are divided into two
dimensions [30]: spiritual integration and physical integration. The internal consistency
coefficients of the two dimensions, Cronbach’s alpha, are 0.91 and 0.74 respectively.

Chiou et al. proposed a FES-80 [31]. The results of the study confirmed that the FES,
as a tool for evaluating specific psychological characteristics and mental state, has good
reliability and validity. The FES is the first tool to measure the psychological and spiri-
tual harmony in the workplace. Moreover, the core categories of the theoretical frame-
work include the integration of transcendence, mindfulness and concentration, positive
emotion and meaning, negative emotion, pleasure life, compassion and acceptance,

3 Methods

The participants in this study are flight attendants working in various airlines in Tai-
wan. We have recruited 100 airline companies in Taiwan, which shows that compassion
meditation is a self-exploration activity that can help practitioners better understand
themselves, release pressure, regulate emotions and improve happiness. Participants
were divided into two groups: experimental group and control group. The experiment
uses the compassionate meditation animation as the intervention tool, and the measure-
ment tool before and after the experiment is the 80 item FES, and the time to answer
the questionnaire is 20 min. The experimental group, through animation intervention,
continued for eight weeks, and carried out animation compassionate meditation exercise
three times a week. In this study, the factors were rotated to confirm that the data were
suitable for factor analysis, and then the AMOS software was used for confirmatory
factor analysis. It is necessary to develop simple and effective human factors tools for
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FE in order not to unduly interfere with the meditation feelings of flight attendants and
increase their willingness to fill in the answers. Therefore, this study selected the topic
according to the above exploratory factor analysis deletion principle, and deleted the
items with the absolute value of factor load less than 0.4 to achieve the simple and effec-
tive goal. Finally, it uses confirmatory factor analysis and reliability and validity test to
understand the overall fitness, constituent reliability, aggregate validity and differential
validity, and also tests the criterion-related validity of the scale.

4 Results

In order to verify the validity of the FES in the air service workplace and the problems
caused by too many questions, this study needs to test and evaluate the reliability and
validity of the FES. In order to test the validity of the FES, we conducted exploratory
factor analysis (EFA) and confirmatory factor analysis (CFA) on the samples. The fol-
lowing indicators are used to determine the goodness of fit of the EFA model: the root
mean square error approximation (RMSEA) is less than 0.08, the contrast fit index (CFI)
and the non-normed fit index (NNFI) are greater than 0.90, and the chi-square value is
less than 3.0 than its degree of freedom (chi2/df). The exploratory factor analysis uses
the maximum variation rotation method to determine the factor structure of the FES.
Kaiser-Meyer-Olkin (KMO) test verified the sampling adequacy of the analysis, Bar-
rett’s spherical test evaluates the correlation degree between variables, and determines
the factor extraction through Kaiser standard (characteristic value≥ 1). The factor loads
greater than 0.4 is considered to be the threshold value for the full contribution of this
item to this factor. Cronbach’s alpha coefficient is calculated to determine the inter-
nal consistency of the whole scale and various factors. A value ≥ 0.70 is considered
sufficient. All statistical analyses were performed using SPSS 21.0 and LISREL 8.80
programs, with statistical significance of p < 0.05.

In order to determine the optimal factor structure of the FES, we conducted EFA
analysis. The KMO result is 0.729, and the spherical test result is significant, which indi-
cates that the FES is suitable for factor analysis. The eigenvalues of all factors are greater
than 1, which accounts for 69.4% of the total variation rate. Among them, the spirituality
scale and the FES contain many dimensions. Some dimensions’ express themes similar
to other scales. The results of factor analysis also show the unity between them. Accord-
ing to the results of EFA, the FES includes seven dimensions: (1) Transcendence and
oneness; (2) Present attention; (3) Positive emotion and meaning; (4) Negative emotion;
(5) Pleasure Life; (6) Compassion; (7) Acceptance (as shown in Fig. 1).

With regard to the reliability of the FES, the overall scale shows high internal consis-
tency, which is determined by Cronbach’s alpha value (α = 0.959). If any item is deleted
from the scale, no higher alpha value is found. The Cronbach alpha of each subscale is
shown below (as shown in Table 1).

It can be seen from the above table (as shown in Table 2 and Fig. 2) that the present
attention cannot significantly affect the negative emotion (β = −0.156, P = 0.159).
However, the present attention has a significant positive impact on positive emotion and
meaning, comparison and acceptance (β = 0.451, P = 0.000; β = 0.618, P = 0.000; β

= 0.623, P = 0.000). Negative emotion has no significant impact on Pleasure life (β =



The Concept and Item Selection of the Flow Ergonomics Scale 45 (FES-45) 385

0.051, P = 0.557). But positive emotion and meaning can have a significant impact on
Pleasure life (β= 0.631, P= 0.000). Compassion has a positive impact onTranscendence
and oneness (β = 0.3491, P = 0.016). However, Acceptance and Pleasure life have no
significant impact on Transcendence and oneness severity (β = 0.141, P = 0.206; β =
0.112, P = 0.322).

Fig. 1. CFA analysis of the fitness of each facet factor model

Table 1. Structural validity and reliability

CR AVE Alpha

Transcendence and oneness 0.98 0.79 0.976

Present attention 0.80 0.52 0.774

Positive emotion and meaning 0.94 0.76 0.940

Negative emotion 0.936 0.648 0.934

Pleasure Life 0.91 0.60 0.903

Compassion 0.711 0.454 0.702

Acceptance 0.896 0.551 0.895

It can be seen from the above table that the correlation coefficients of one-in-one
transcendence and focus on the present, Pleasure Life, positive emotion and meaning,
sympathy and acceptance are all positive and significant at the level of 1%, which indi-
cates that one-in-one transcendence has a significant positive correlation with these
variables. Similarly, the correlation coefficient between Pleasure Life and positive emo-
tion and meaning, sympathy and acceptance is also positive, which indicates that there
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Fig. 2. An architecture model of the relationship between dimensions with path coefficients

Table 2. Correlation between dimensions and mean and standard deviation

1 2 3 4 5 6 7

1.Transcendence and
oneness

1

2.Present attention 0.266** 1

3.Positive emotion and
meaning

0.293** 0.362** 1

4.Negative emotion 0.297** 0.354** 0.619** 1

5.Pleasure Life − 0.05 − 0.13 0.02 − 0.09 1

6.Compassion 0.344** 0.473** 0.521** 0.430** − 0.05 1

7.Acceptance 0.304** 0.506** 0.340** 0.376** − 0.06 0.297** 1

Mean 6.093 3.573 3.042 3.124 1.934 3.387 3.688

SD 1.471 0.663 0.729 0.842 0.737 0.704 0.678

*: p < 0.05; **: p < 0.01

is also significant correlation between these variables. Focusing on the present also has a
positive correlation coefficient with positive emotion andmeaning, sympathy and accep-
tance, which indicates that focusing on the present has a significant correlationwith these
variables.
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5 Discussion

The rolemodel of SF-36 questionnaire is a self-administered questionnaire containing 36
items which takes about five minutes to complete. It measures health on eight multi-item
dimensions, covering functional status, well-being, and overall evaluation of health. The
evidence for the construct validity of the SF-36 was substantial. The expected distribu-
tion of scores was observed by sociodemographic characteristics, general practitioner
consultation, use of hospital services, and a group of patients with chronic physical
problems [32–35].

We also examined the convergent and construct validity of FES-45. Assessment of
convergent validity showed that all seven FES-45 components were significantly and
positively related to other measures of flow experiences in ergonomics activities. It
should be noted that the negative relationship between flow and ergonomics workload
found in this study is based on flow theory [36]. In contrast, Bakker [5] found in an
organizational setting that job demands such as work pressure and emotional demands
had a positive relationship with absorption. Employees who work under pressure and
are confronted with demanding clients often lose their perspective of time, and become
immersed in their work. On the other hand, experienced workers, although working
under pressure, have adequate skills matching the task. From a theoretical viewpoint,
this result points to the importance of the skill-challenge balance [37].

Currently, there is controversy in literature about the number of flow components,
but Schiefele [38] concluded that “(a) absorption is the core component of flow, (b) there
is no agreement on additional dimensions, and (c) enjoyment is a relevant aspect of flow
that emerges as a separate factor or is included in the dimension of absorption”. There
may be many aspects that influence the reported flow-inducing activities, such as sample
characteristics or the measurement method. However, our results suggest that activities
in which a subject is more often involved have a better chance of inducing flow.

Through the above statistical analysis, the test of the flight attendant’s scale has
further established the relationship of seven dimensions. It is necessary to construct the
scale with fewer questions, just like the SF-36 scale. There is a corresponding FES scale
in each facet and it can fully express the FES scale. A short scale can make subjects feel
more comfortable in answering. The specific adjustment of FES-45 scale varies from
concept to concept, and is summarized as follows:

Transcendence and Oneness. In the original FES scale, all of them were reserved.
In the dimension of Question 11, transcendence and oneness (Cronbach’s α = 0.976).
Among these questions, it includes (unity consciousness and transcendence) that can
make practitioners feel the connection with the environment for themselves and unity.
He deleted the item in each item with α coefficient higher than 0.9.

Present Attention. In the original FES scale, it was composed of four items of cardiac
flow. These four topics represent that in this dimension, focus on the current behavior,
and consciously know what you need to do and understand your performance. On the
whole (Cronbach’s α = 0.774), he has better performance in deleting the α coefficient
of the item in each item.

Pleasure Life. In the original FES scale, all five items of life satisfaction were retained.
Combining the two items of positive emotion, I feel proud and interested in my current
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emotion. In life, positive and pleasant emotions are added. On the whole (Cronbach’s
α = 0.903), he has better performance in deleting the α coefficient of the item in each
item.

Positive Emotion andMeaning. In the original FES scale, the positive emotion dimen-
sion in PANAS changed from 10 questions to 5 questions, which are happy, excited,
enthusiastic, happy and optimistic. On the whole (Cronbach’s α = 0.940), which can
fully express positive emotion and meaning.

Negative Emotion. In the original FES scale, the negative emotion dimension in
PANAS changed from 10 to 8, including sadness, sadness, disgust, fear, guilt, fear,
anger and impatience. On the whole (Cronbach’s α = 0.934), which can fully express
negative emotions and meanings.

Compassion. In the original FES scale, the compassion dimension in the SAIL scale
is composed of four directions. He feels the pain of others, understands the difficulty of
life and feels that he is doing something meaningful. This expresses compassion, on the
whole (Cronbach’s α = 0.895).

Acceptance. In the original FES scale, the mindfulness scale consists of 7 items in 15
dimensions. In these seven items, he accepts his own inner feelings and tries to detect
his various thoughts and attention. On the whole (Cronbach’s α = 0.895), he has better
performance in deleting the α coefficient of the item in each item.

Research Limitations and Future Studies. From the perspective of the process of
compiling and deleting the scale, the final result can meet the requirements of the devel-
opment of the scale, so as to make the scale stable and practical. We will propose to
apply it more widely to all workplaces, so that the health of more employees will be
valued. Finally, the development of this 45-item scale can better examine the degree of
FE of practitioners than the 80-item scale in the first edition. In addition, the reduced
number of questions will make it more convenient for the subjects to fill in, and will not
bring fatigue and unpleasant feeling in filling.

This study has several limitations. In regard to the prevalence of flow, our partici-
pants were not randomly selected from the entire flight attendant’s population and thus
potential selection bias might have influenced the results, and the results may not be
applicable to students in general. Future studies should try to determine the robustness
of the findings in other samples or investigate ergonomics-related flow in more rep-
resentative samples. Another limitation relates to the use of single-item measures of
satisfaction with study and ergonomics workload for establishing congruent validity.
Although this approach enables us to show the congruent validity of FES-45 with two
distinct concepts, future studies should include other measures.

6 Conclusions

As for the level of flow human factors of air service staff, they can understand their phys-
ical and mental health, integration transcendence, mindfulness flow, positive emotion
and meaning, negative emotion, Pleasure Life, Compassion, and acceptance at work.
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Through the discussion of these factors, it will help to obtain the way of intervention,
thereby improving their FE factor, and reducing depression, anxiety, panic and other
negative emotions. At present, there are few studies to explore various factors affecting
the physical and mental health of flight attendants, which highlights the importance of
this study.

After exploratory factor analysis and confirmatory analysis at different stages, it
was found that the 45 directions reserved could fall into the factor dimension of the
original design, and the explanatory variation reached 68%. The results of confirmatory
factor analysis also showed that the scale construction obtained from exploratory factor
analysis is appropriate. The short scale of FES-45will provide amore convenient answer
experience for employees in the future workplace, and pay attention to the health status
of employees.
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Abstract. The outbreak of novel coronavirus pneumonia has had an important
impact on medical behavior of patients and promoted the development of online
medical industry. With the rapid growth of online medical apps, the shortcomings
in user experience have been highlighted, and the loyalties of some products’
users are poorer. In this study, four online medical apps were selected to explore
the influence of interface design on the usability of inquiry function interface.
Twenty-four subjects were asked to use the function interfaces of expert inquiry
and extremely rapid inquiry. Data was gathered through observation, interview
and questionnaire. The results of this study revealed that icon design, operating
procedure, information design and feedback may impact users’ performance and
satisfaction of online medical app.
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1 Introduction

At present, there are still many shortcomings in the preparation of medical resources in
China, and many of the existing medical and health resources are concentrated in cities,
of which the majority of high-quality resources converge in large and medium-sized
hospitals, with a huge gap between urban and rural areas. While the aging population
is increasing year by year, online medical service with low cost and high efficiency has
considerable development space under the condition of increasing per capita medical
expenditure.

In recent years, China has been actively promoting the development of “Internet +
Medical and Health”, improving the “Internet + medical and health” service system
and innovating the “Internet +” public health services. Medical institutions shall be
encouraged to apply Internet and other information technologies to expand the space
and content ofmedical services and build an online and offline integratedmedical service
model covering pre-diagnosis, in-diagnosis and post-diagnosis.

The outbreak of novel coronavirus pneumonia has surged medical demand such as
online consultation. Prior to 2019, the proportion of online medical inquires was just
2%–4%. Under the catalysis of this outbreak, the proportion of online medical inquires
will be increase to about 10% [1]. Online medical service can reduce the costs of time
spent attending offline visits and the risk of cross-infection. At the same time, services
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such as a free clinic and online drug purchase provided in the epidemic greatly alleviate
the pressure of insufficient medical resources in physical institutions.

The main purpose of this study is to investigate the usability of inquiry function
interface of online medical app, combined with theories of user experience, interface
design, design aesthetics, to explore the optimal design solution for the inquiry function
interfaces. We hope to be able to improve the apps’ ease of use, attractiveness and
flexibility to promote the development of online medical service.

2 Related Work

2.1 Online Medical App

As an emerging industry, onlinemedical service usesmobile communication technology
to provide online health services and information. At present, online medical apps can
be divided into five categories according to different user needs, which are doctor-end,
maternal health care, inquiry consultation, e-commerce, and hospital services. Compared
with offline medical service, online medical inquiry have the advantages of saving time,
rapid response and repeated inquiry. There are probably three aspects of user usage
scenarios: first, known conditions or suffering from chronic diseases, requiring long-
term consultation with doctors; second, smaller conditions as well as unknown disease
prevention consultation, due to personal itinerary arrangements and complex offline
medical processes are mostly not timely to offline hospital interviews; and third, the
condition is specially shy to face-to-face consultation, such as gynecological diseases
and andrological diseases. Therefore, the inquiry function of online medical app is
characterized by consultation, prevention, rehabilitation, etc., and is not suitable for
acute and severe diseases.

2.2 User Interface Design

The user interface is also known as called human-machine interface,which is themedium
for the mutual transmission of information between the user and the machine [2]. Inter-
face design focuses on the relationship between humans and computers and belongs to
the artistic category, and its research object is also more focused on the understanding
of users (such as experience, motivation, need, and availability) [3]. Understanding of
users, particularly their need, is the core and starting point of this user-centered approach
to experience design [4]. The interface design, including design items such as layout,
text color, icons, controls and sounds, directly affects users’ evaluations of the usability
and satisfaction [5]. From the sensory experience and the availability of interactive oper-
ation, eight features required for a good user interface are clear, conciseness, familiarity,
ease of response, consistent operation, attractiveness, efficiency, and fault tolerance [3].

2.3 Visual Perception

Rudolf Arnheim elaborated on the principle of visual perception in perceptual psychol-
ogy and suggested that all mental abilities of people are active as a whole at any time,
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all perceptions contain thinking, all reasoning contains intuition, and all observations
contain creation. The visual image is never a mechanical reproduction of perceptual
materials, but a creative grasp of reality, and the image it grasps is a beautiful image
containing rich imagination, creativity and acuity [6]. Thus, visual perception contains
thinking activities and will not be separated from psychological perceptual activities. In
other words, in watching activities, the structure, size, shape, density and space of things
will be effectively encoded, so designers should design diverse artistic forms to convey
ideas, so that the audience can effectively receive and understand.

3 Methods

3.1 Samples and Apparatus

The layout of the inquiry function interface for each sample is given in Table 1. The
experimental samples were tested on an iPhone 12 smart phone, with a built-in iOS
14.2.1 operating system and 6.1-inch screen.

Table 1. Final samples of four expert inquiry interfaces.

Sample 1 Sample 2 Sample 3 Sample 4

Information-based 
interface designs,
without an icon.

The interface design 
with icon and text.

Icon-based interface 
design.

Text-based interface 
design with icons.

3.2 Subjects

Twenty-four subjects were randomly assigned to study, all of whom were between 20
and 45 years of ages, 13 males and 11 females, and none of whom had experience using
online medical apps. In addition, all subjects were educated at university, and some were
above university, including 18 students and 6 working salary families, all of whom had
rich experience in the use of internet equipment.
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3.3 Experiment Procedure

The experimental design of this study was conducted in a between-group manner, with
one sample tested from each subject and six subjects participating in each sample. First,
the subjects were asked to fill in the basic data, introduce the experimental content and
procedures to the subjects, and provide paper instructions on the task, while confirming
whether the subjects were clear about the task again to ensure that they were not inter-
fered by the outside during the operation. Secondly, the subjects began to perform the
manipulation experiment, during which the time required for each task operation was
recorded, and the use status and emotional response were observed and recorded later-
ally. Thirdly, subjects were requested to fill out nine questions about their satisfaction of
information on the interface, ease of use, helpfulness, and so on. The questionnaire was
designed based on a 7-point Likert scale anchored by 1: less satisfied and 7: much satis-
fied. Finally, we performed one-on-one interviews of how subjects felt after use. After
the investigation, the collected data were statistically analyzed, and combined with the
subject behavior and evaluation, the advantages and disadvantages of the interface were
explored, and suggestions for improvement were submitted.

3.4 Task Design

In this experiment, four tasks were designed according to the inquiry function, from task
1 to task 3 mainly aimed at the expert inquiry function, and task 4 aimed at the extremely
rapid inquiry function. Specific tasks are as following:

Task 1 (find department): Find the department of stomatology on the inquiry interface.
Task 2 (seek medical treatment for the disease): Without using the search box, find a
doctor who treats hair loss on the inquiry interface.
Task 3 (concerned doctor): Search for fractures in the search box, find the doctor with
the fastest response time under the condition of the highest number of interviews, and
then follow him.
Task 4 (extremely rapid inquiry): In the function of extremely rapid inquiry, for grandma
suddenly headache and vertigo symptoms,we need to find graphic consultation to inquiry
the doctors belonging to Grade-A tertiary hospitals.

4 Results and Analysis

4.1 Analysis of Task Operation Time

A one-way analysis of variance (ANOVA) was performed by the IBM Statistical Pack-
age for the Social Sciences (SPSS) software to analyze the collected data. The results
generated from the descriptive statistics and one-way ANOVA of task operation time
are presented in Table 2, with significant differences in the task operation time of each
of the four tasks (P= 0.000< 0.05). Moreover, Sample 1 is the sample with the slowest
operation in every task.

Task 1 (find department): The results of post-hoc multiple comparison of task 1
operation time are shown in Table 3. It can be seen that there are significant differences
in the task completion time between Sample 2 and Sample 1, Sample 2 and Sample 3,
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Table 2. Descriptive statistics and one-way ANOVA of task operation time.

Sample 1 Sample 2 Sample 3 Sample 4 F P

Task 1 29.93
(6.56)

10.76
(2.94)

25.39
(11.68)

12.97
(5.42)

9.656 .000*

Task 2 88.76
(12.38)

21.03
(2.52)

38.70
(20.79)

30.33
(9.01)

32.614 .000*

Task 3 96.29
(9.53)

31.77
(2.82)

71.47
(24.58)

31.25
(5.27)

33.394 .000*

Task 4 138.24
(14.44)

89.01
(30.14)

97.19
(14.87)

39.26
(10.39)

27.387 .000*

α = 0.05, *P < 0.05.

Sample 4 and Sample 1, and Sample 4 and Sample 3. The use of Sample 2 (M= 10.76,
SD = 2.94) and Sample 4 (M = 12.97, SD = 5.42) to find dentistry was significantly
faster than the use of Sample 1 (M = 29.93, SD = 6.56) and Sample 3 (M = 25.39, SD
= 11.68). It is mainly because the expert inquiry interface of Sample 2 (Table 1) and
Sample 4 (Table 1) presents different departments in a way of monochromatic line icons
combined with black text, it is simple and distinct, and the overall visual effect is unified.
Although Sample 3 (Table 1) shows the familiar everyday elements of users with colored
facial icons and has certain recognition and affinity, the departmental text is gray, and
the words are thin and difficult to read. In addition, the name “Oral and Maxillofacial
Department” is complex and specialized, increasing the thinking time and error rate of
subjects. Department name of Sample 1 (Table 1) is located in the “See Expert” module
and is only described in words. Slide left and right to find the department, or click the
“All Doctors” button to display all departments. The steps are complicated and not easy
to understand, resulting in that the subjects do not know where to click to find other
departments.

Table 3. Post-hoc multiple comparison of task 1 operation time.

Sample 2 Sample 4 Sample 1 Sample 3

Sample 2 0.610 0.000* 0.003*

Sample 4 0.001* 0.008*

Sample 1 0.299

Sample 3

α = 0.05, *P < 0.05.

Task 2 (seek medical treatment for the disease): The results of post-hoc multiple
comparison of task 2 operation time are shown in Table 4. It can be seen that there
are significant differences in task two completion time between Sample 2 and Sample
1, between Sample 2 and Sample 3, between Sample 4 and Sample 1, and between
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Sample 1 and Sample 3. Finding physicians treating alopecia was significantly slowest
using Sample 1 (M = 88.76, SD = 12.38). The main reason for this phenomenon is
that the layout of the Sample 1 interface (Table 1) is complex, there is no separate
department module, too much information is presented, and users can only read the
doctor introduction text verbatim for judgment and selection. In addition, Sample 2 (M
= 21.03, SD = 2.52) performed significantly faster than Sample 3 (M = 38.70, SD
= 20.79). The reason may be that Sample 2 (Table 1) placed dermatology first in the
department and was first detected by the user, while Sample 3 (Table 1) did not show
dermatology in a significant position and the text recognition of the department icon
was poor. During the post-experimental interview, it was found that some subjects were
not aware of the department to which hair loss belonged, and the function of Sample 4
(Table 1) to find experts according to the disease could solve this problem. However, this
feature has repeated information with common disease names in Sample 4 Department
cards, increasing the cognitive load of users.

Table 4. Post-hoc multiple comparison of task 2 operation time.

Sample 2 Sample 4 Sample 1 Sample 3

Sample 2 0.229 0.000* 0.029*

Sample 4 0.000* 0.277

Sample 1 0.000*

Sample 3

α = 0.05, *P < 0.05.

Task 3 (concerned doctor): The results of post-hoc multiple comparison of task 3
operation time are shown in Table 5. It can be seen that there were significant differences
in task three completion time between other samples except for Sample 2 and Sample
4. Sample 2 (M = 31.77, SD = 2.82) and Sample 4 (M = 31.25, SD = 5.27) operated
significantly faster than Sample 3 (M = 71.47, SD = 24.58), while Sample 1 (M =
96.29, SD = 9.53) was significantly the slowest. The phenomenon is mainly because
the interface between Sample 2 and Sample 4 clearly shows the speed of response of
each doctor. However, Sample 3 (Fig. 1) only used the label of “Quick Response” for
individual doctors and mixed it with the label of other contents, with poorer recognition.
The interface is slightly crowded, the size and color of the text lack obvious hierarchical
division, did not form a satisfactory visual rhythm, affecting the speed of visual search.
Doctors’ response timing has a significant impact on patients’ choice of the doctors [7],
and designers should fully consider the eagerness of users to hope to find doctors who
respond quickly to help solve problems. In addition, some subjects hesitated to use the
words “faster” and “faster” describing the speed of response in the Sample 4 interface.
The researchers found that the use of Sample 1 to find doctors was fast, and the key
information of doctors used a contrasting label design. The task three operation time
of Sample 1 mainly consumes the step of paying attention to the doctor, and its doctor
data interface uses a five-pointed star collection icon in an imperceptible corner, which



398 Y.-C. Cui and M.-X. Chen

is different from the user habits of the other three samples using distinct buttons to “pay
attention to” the doctor.

Table 5. Post-hoc multiple comparison of task 3 operation time.

Sample 2 Sample 4 Sample 1 Sample 3

Sample 2 0.948 0.000* 0.000*

Sample 4 0.000* 0.000*

Sample 1 0.005*

Sample 3

α = 0.05, *P < 0.05.

Fig. 1. The find doctor interface design of sample 3.

Task 4 (extremely rapid inquiry): The results of post-hoc multiple comparison of
task 4 operation time are shown in Table 6. It can be seen that there was no significant
difference in task 4 completion time between Sample 2 and Sample 3. Extremely rapid
inquiry was significantly fastest using Sample 4 (M= 39.26, SD= 10.39), while it was
significantly slowest using Sample 1 (M= 138.24, SD= 14.44). The main reason is that
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the extremely rapid inquiry interface of Sample 4 (Fig. 2a) describes the condition in a
common chatting dialogue and is more cordial and familiar. Each description requires
only at least 2 words and provides timely interactive feedback. Users do not have to
think carefully about how to describe the condition and other problems, the process is
simple and smooth, can ease tension, and quickly find a matching doctor. Sample 1,
Sample 2 and Sample 3’ s extremely rapid inquiry interface is very similar, all require
subjects to input text and upload pictures, and both Sample 1 and Sample 3 require
users to input at least 10 words. The difference is that Sample 1 (Fig. 2b) requires
clicking “how to describe” before a description template appears and requires the user
to read it carefully, increasing the cost of time. While Sample 3s’ requirements for
disease description are directly displayed in the input box, users can directly read the
requirements before entering, and the steps are more concise compared with Sample
1. Sample 2 has a prompt button to describe the condition, and clicking the button in
turn can quickly elaborate the key points of the condition, so that the requirements for
describing the condition aremore intuitive, improving the efficiency of use, and avoiding
the lack of key condition description.

Table 6. Post-hoc multiple comparison of task 4 operation time.

Sample 2 Sample 4 Sample 1 Sample 3

Sample 2 0.000* 0.000* 0.465

Sample 4 0.000* 0.000*

Sample 1 0.001*

Sample 3

*P < 0.05, Significant difference exists.

4.2 Analysis of Users’ Satisfaction

The results generated from the descriptive statistics and one-way ANOVA of users’
satisfaction are presented in Table 7. There was a significant difference in the satisfaction
evaluations of the four samples (P = 0.003 < 0.05). Sample 4 had the highest score,
followed by Sample 1, the third was Sample 2, and Sample 3 had the worst satisfaction.

Notably, regardless of the fact that Sample 1 had the longest operating time for
each task, subjects ranked second in their overall satisfaction evaluation. This might
be because that the presentation of the doctor ‘s avatar on the expert inquiry inter-
face of Sample 1 may give the subjects more closeness, and emphasizing the hospital
level with small icons in the introduction part of doctors can enhance the sense of trust
and meet users’ expectations. In addition, there are feedback progress bar and speech
input functions on the interfaces of Sample 1, fully consider usage scenarios and users’
needs, making the inquiry experience more comfortable and smooth. In summary, the
results suggested that the efficiency of operation is related to usability, but that will not
necessarily achieve high satisfaction.
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Fig. 2. The design of extremely rapid inquiry interface. (a) Sample 4, (b) Sample 1.

Table 7. Descriptive statistics and one-way ANOVA of satisfaction.

Sample 1 Sample 2 Sample 3 Sample 4 F P

Satisfaction 53.83
(5.85)

51.83
(3.49)

49.17
(5.23)

59.83
(0.75)

6.643 0.003*

*P < 0.05, Significant difference exists.
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5 Conclusions

This study mainly investigated how the design of inquiry function interface affect the
usability of an online medical app. It is found that all of the layout, text, icon, figure,
information structure and feedback are very important factors. Therefore, the following
suggestions are put forward for the above four aspects:

(1) Icons containing emotionality bring users closer to the online medical app and
increase stickiness in use. Therefore, the icons on inquiry function interface should
select the appropriate visual style and the content of text on the basis of functional
differentiation.

(2) Based on users’ needs and expectations, removing the unnecessary operating
procedures to make the online medical process simple.

(3) The information design on inquiry function interface should consider users’ visual
perception. To create a visual focus for the high-priority information.

(4) To improve affordance and provide clear and timely feedback to make it easier for
users to understand.
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Abstract. In the past, our team improved the first version of the FlowErgonomics
(FE) Scale (FES) and proposed the FES-45 version. The scale after reducing the
number of questions was not used in the actual test. Therefore, the research team
will conduct the test with practitioners from different industries. The research will
validate the model again and confirm whether the correlation between categories
is consistent. In order to further verify the effectiveness of the model, this study
will use FES-45 to test the animation employees, and use SPSS 22.0 and AMOS
22.0 to analyze the data. The questionnaire collected 100 valid questionnaires and
tested their reliability and validity. In this paper, exploratory and confirmatory
factor analysis are carried out respectively, and the reliability of the results of the
grounded theory is verified by structural equation model. The study considers that
the model of FE is reasonable, and the improved scale of FES-45 is more effective;
The number of deleted questions will not make the subjects feel too much when
filling in, and will reduce the fatigue and discomfort caused by filling in too long.

Keywords: Flow Ergonomics Scale · Reliability · Validity · Mindfulness
Meditation · Animation Employees

1 Introduction

In recent years, affected by the epidemic, many studies have shown that the problems
related to unemployment and physical and mental health have increased, and the phys-
ical and mental health of employees in the workplace has received high attention. In
such an era, economic recession and widespread unemployment have led to many men-
tal diseases, chronic diseases and use. During this period, the patients suffering from
stress, anxiety and despair were also higher than the general level, and the prevalence of
depression and anxiety increased significantly.
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On the other hand, in addition to improving the environmental safety of employees,
the company has also become an important goal of the company’s sustainable develop-
ment to improve employees’ centripetal force and sense of work safety, and promote
the quality of life, physical and mental health. Investing in the health of employees is
the company’s biggest profit. If we want to increase productivity, we must pay atten-
tion to the health of employees. A large number of data show that good work is good
for health [1]. The Flow Ergonomics (FE) Scale (FES) developed and validated in the
past in this study focuses more on understanding the impact of employees’ physical and
psychological health and environment in the workplace.

The research team used to propose a conceptual framework for the FE, and put for-
ward the results of the revision of FES 45 (FES-45) in the study of animation guided
compassionate meditation of flight attendants. In order to make the scale more stable
and adapt to employees from all walks of life, this study will guide mindfulness medita-
tion research through animation of employees, so that the scale will be more consistent
with the way that the public practitioners evaluate the degree of FE. Based on empiri-
cal research, this study conducted exploratory and confirmatory factor analysis on the
sample, adjusted the conceptual model and the FES, and then measured the reliability
and validity. This study will use the FE-45 scale to observe whether it is necessary to
delete items after the application of animation employees. Through the final verification
and analysis, the concept and scale of FE will be more suitable for the use of various
workplaces and practitioners.

2 Literature Review

2.1 Maslow’s Highest Hierarchy of Needs and Related Inventories

Maslow [2] proposed that the complete expression of the demand hierarchymodel should
be six levels, namely, physiological needs, security needs, belonging and love needs,
respect needs, self-realization needs and transcendence needs. The need for transcen-
dence can also be called the spiritual need or the need for transcendence and self-
realization. Koltko-Rivera [3] believed that Maslow expanded the demand class from
five to six. In addition to the needs of physiology, security, sense of belonging and
love, respect and self-realization, there is also the need for transcendence. Among them,
the needs of self-realization and transcendence are all about the transformation of con-
sciousness. Garcia-Romeu [4] believed that people can achieve self-transcendence to
the maximum extent, such as altruism or spiritual improvement. In the past, when con-
structing the scale, the research team incorporated these levels of needs and supported
the theoretical framework of mindfulness, mind flow, spirituality, mind flow, happiness,
and oneness transcendence. Through the foundation of these theories, the model and
scale were constructed. Mindfulness scale is used to measure the state mindfulness of
subjects. The State Mindfulness Scale (SMS) developed by Lotan et al. [5] is used. The
FE meter is used to measure the FE state of the subjects. The FE theory proposed by
Csikszentmihalyi [6] is adopted. The Short Dispositional Flow Scale 2 (SDFS-2). The
Spiritual Attitude and Involvement List (SAIL) was used to measure the spirituality of
subjects [7]. The Subjective Well-Being (SWB) is composed of two parts: emotional
balance and life satisfaction [8]. The part of emotional balance adopts the Positive and
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Negative Effect Scale (PANAS) developed by Watson et al. [9]. The Oneness Beliefs
Scale developed by Garfield et al. [10].

Chiou et al. [11] put forward a new category for the theoretical framework and scale
of human factors. The seven dimensions are (1) the “consciousness of integration” of
the scale of integration; (2) the “focus on the present”, “clear goal” “Control task”; (3)
“positive emotion and meaning” in the emotional scale; (4) “negative emotion” in the
emotional scale; (5) “happy life” in the life satisfaction scale and part of the emotional
scale; (6) “acceptance” in the mindfulness scale; (7) “compassion” in the spiritual scale.

2.2 Flow

Flow is defined as a rewarding state in which one is completely absorbed and can work
on an optimally challenging task [6]. Flow can be characterized by the following three
core components: absorption, perceived demands-skill balance, and enjoyment during
task performance [12]. Flow is a positive and intense mental state of short duration in
which a person performing an activity is fully immersed in a feeling of energized focus
and full devotion to the present moment and is enjoying it intensely [13]. Different
from work engagement, flow is the optimal experience caused by a specific activity,
including engagement, absorption, and enjoyment [14]. It is associated with several
positive outcomes, such as improved performance, well-being, positive affect, creativity,
and physical health [15, 16]. Work engagement, however, is the overall attitude towards
work and thus differs with flow in terms of time dimension [14]. In the work context,
the flow state is similar to other experiences studied empirically in sports and in the arts
[17]. Work-related flow can be experienced in any type of work because its occurrence
depends more on the quality of the experience than on the nature of the activity [18].

The flow channel model illustrates that flow is experienced if skills and demands
balance. Furthermore, boredom occurs if the skills exceed the challenges, and anxiety
occurs if the challenges exceed the skills [6]. In line with the Transactional StressModel,
Peifer et al. [19] modified the original flow channel model by adding states they refer to
as relaxation and stress. Work-related flow levels were generally higher than the levels
of flow experienced in active or passive leisure activities [20]. The occurrence of flow at
work is related to the perception that an individual has about his or her ability to respond to
challenging demands at work [21]. Šimleša et al. [22] argued that, in order to experience
flow, the individual must also remain focused on the task and motivated to work hard,
which is themost central process. Flow can be triggered duringwork taskswhen tasks are
seen as opportunities for growth and employees are equipped with the necessary skills
or resources for dealing with such demands [23]. However, the physiological pattern
during flow suggests that it is a state of (at least moderately) increased physiological
arousal, which underlines an association with stress and a potential relationship with
burnout symptoms [19, 24, 25]. Proactive individual job redesign optimizes the level of
job demands and job resources with individual needs at work [26]. By shaping their own
work experience, employees create opportunities to use abilities (e.g., skills, talents,
competencies), to exert passions (e.g., intrinsic motivations) and to build meaning at
work that is aligned with their personal values [27, 28].
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2.3 Flow Ergonomics

FE is a feeling that one’s mental power is fully invested in certain activities. When
cardiac flow occurs, there will be a high sense of excitement and fulfillment. The con-
ceptualization of cardiac flow originates from the peak experience field. In 1968,Maslow
began to study the peak experience. The peak of all experiences is self-realization. The
conclusion is that everyone can get the best experience [29]. Human factors engineering
is an important engineering technology discipline, which studies the interaction and rea-
sonable combination of human, machine and environment, so that the designed machine
and environment system can adapt to human physiological and psychological charac-
teristics, and achieve the purpose of improving efficiency, safety, health and comfort
in production. The academic community believed that occupational health, ergonomics
and product design were the three main areas of the development of human performance
engineering in Taiwan. This study explores this issue from the perspective of human
factors of cardiac flow. The flow of human factors can be said to be a way to improve the
spiritual level of human beings, and can be effectively used in the workplace and work
[30, 31].

The theoretical framework is based on the core category of FE, including oneness
transcendence, mindfulness flow concentration, positive emotion and meaning, nega-
tive emotion, happy life, environmental connection and acceptance. Chiou et al. [11]
proposed the FES. The research team revised the model and scale in 2022 after the
actual application and validation of the field of flight attendants, and put forward the
FES-45. This scale includes seven dimensions: (1) Transcendence and oneness; (2)
Present attention; (3) Positive emotion and meaning; (4) Negative emotion; (5) Pleasure
Life; (6) Compassion; (7) Acceptance. Total 45 questions, Cronbach’s alpha value (α =
0.959). The answer type is Likert five-point scale, “1” means completely inconsistent,
and “5” means completely consistent; The total score of each subscale is the score of
each subscale, and the total score of the subscale is the total scale score.

3 Methods

This study was conducted in the Human Factors/Ergonomics (HFE) Research Room
of Chang Gang University, and conducted an 8-week experiment with 100 animation
practitioners. They were divided into two groups, the experimental group and the con-
trol group, with 50 persons each; The 50 people in the control group were animation
practitioners, who filled in the pre-test questionnaire first, and then filled in the post-test
questionnaire eight weeks later; During this eight-week period, no intervention will be
made; The experimental group filled in the pre-test questionnaire before the experiment,
followed by animatedmindfulness exercises for the next eight weeks, three times aweek,
and then filled in the post-test questionnaire after eight weeks. The scale test consists
of the FES and the Job Creation Force Scale. This study is divided into two parts. The
human factors scale of cardiac flow is rotated to obtain data suitable for factor analysis,
and then the AMOS software is used for confirmatory factor analysis. In order not to
unduly interfere with the meditation feelings of animation practitioners and increase
the willingness to fill in the answers, it is necessary to develop simple and effective
human factors tools for flow of mind. Therefore, this study selected the topic according
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to the above exploratory factor analysis deletion principle, and deleted the items with
the absolute value of factor load less than 0.4 to achieve the simple and effective goal;
Finally, it uses confirmatory factor analysis and reliability and validity test to understand
the overall fitness, constituent reliability, aggregate validity and differential validity, and
also tests the criterion-related validity of the scale.

4 Results and Discussion

The FES is a new seven-dimensional integration of mindfulness scale (SMS), the Flow
(SDFS-2), the spirituality scale (SAIL), the oneness scale (Oneness), the emotional scale
(PANAS), the life satisfaction scale (SWLS).

This study needs to test and evaluate the reliability and validity of the FES. In
order to test the validity of the FES, we conducted exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA) on the samples. The following indicators are
used to determine the goodness of fit of the EFA model: the root mean square error
approximation (RMSEA) is less than 0.08, the comparison fit index (CFI) and non-
normed fit index (NNFI) are greater than 0.90, and the chi-square value is greater than
its degree of freedom (χ2/df) less than 3.0. The exploratory factor analysis uses the
maximum variation rotation method to determine the factor structure of the human
factors scale for cardiac flow. Kaiser-Meyer-Olkin (KMO) test verified the sampling
adequacy of the analysis, Barrett’s spherical test evaluates the correlation degree between
variables, and determines the factor extraction through Kaiser standard (characteristic
value ≥ 1). The factor loads greater than 0.5 is considered to be the threshold value for
the full contribution of this item to this factor. Cronbach’s alpha coefficient is calculated
to determine the partial consistency of thewhole scale and various factors. A value≥0.70
is considered sufficient (as shown in Table 1). All statistical analyses were carried out
using SPSS 22.0 and AMOS 22.0 programs, with statistical significance of p < 0.05.

It can be seen from the following table that the correlation coefficients of one-in-
one transcendence and focus on the present, happy life, positive emotion and meaning,
sympathy and acceptance are all positive and significant at the level of 1%, which
indicates that one-in-one transcendence has a significant positive correlation with these
variables. Similarly, the correlation coefficient between happy life and positive emotion
andmeaning, sympathy and acceptance is also positive, which indicates that there is also
a significant correlation between these variables (as shown in Fig. 1). Focusing on the
present also has a positive correlation coefficient with positive emotion and meaning,
sympathy and acceptance, which indicates that there is a significant correlation between
focusing on the present and these variables (as shown in Table 2).

It can be seen from Table 3 that the present attention cannot significantly affect
the negative emotion (β = −0.096, P = 0.398). However, the present attention has a
significant positive impact on positive emotion andmeaning, comparison and acceptance
(β = 0.589, P = 0.000; β = 0.747, P = 0.000; β = 0.476, P = 0.000). Negative emotion
has no significant impact on Pleasure life (β = −0.007, P= 0.945), but positive emotion
and meaning can have a significant impact on Pleasure life (β = 0.538, P = 0.000).
Comparison and Acceptance have a significant impact on Transcendence and oneness
(β = 0.488, P = 0.007; β = 0.361, P = 0.004). However, Pleasure life has no significant
impact on Transcendence and oneness (β = −0.074, P = 0.501).
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Table 1. Structural validity and reliability

AVE CR Alpha

Transcendence and oneness 0.463 0.771 0.778

Present attention 0.668 0.908 0.905

Positive emotion and meaning 0.653 0.938 0.936

Negative emotion 0.485 0.861 0.851

Pleasure Life 0.378 0.643 0.625

Compassion 0.450 0.850 0.845

Acceptance 0.463 0.771 0.778

Fig. 1. An architecture model of the relationship between dimensions with path coefficients

In attempting to be comprehensive, existing general health questionnaires such as
the sickness impact profile may be too long or require interviews, or both. In primary
care or community settings the contact time with patients is often short, and thus to be
practical and acceptable to the population the questionnaire must be brief, easy to use,
and preferably self-administered. These features are also important for researchers, who
may want to add a generic health measure to a disease specific questionnaire. The role
model of SF-36 questionnaire seemed to meet these criteria, taking just five minutes
to complete. This quantitative evidence, and the favorable impression for face to face
interviews, suggests that the SF-36 questionnaire is an acceptable measure of the health
of a general population [32–35].
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The Work-Related Flow Inventory is a well-known and validated instrument for
measuring flow at work [36]. Therefore, the aim of the present study was to validate
FES-45, aimed at measuring ergonomics-related flow. The key findings can be summa-
rized as follows. First, as expected, the results indicate that the flow dimensions can be
distinguished in an ergonomics setting. The results of the CFA on the data of animation
employees demonstrated that FES-45 has the same structure as the original FES, with
three separate factors, namely, absorption, enjoyment, and intrinsicmotivation for study-
ing. All model fit indices reached their corresponding criteria satisfactorily. In addition,
all AVE values were acceptable both for factorial and discriminant validity and were also
acceptable for the internal consistency type of reliability of the scales. This indicates
that the seven-factor model of ergonomics-related flow has good internal reliability and
structural validity.

Table 2. Correlation between dimensions and mean and standard deviation

1 2 3 4 5 6 7

1. Transcendence and oneness 1

2. Present attention .325** 1

3. Positive emotion and meaning .278** .630** 1

4. Negative emotion .401** .503** .558** 1

5. Pleasure Life −.058 −.067 0.03 −0.04 1

6. Compassion .531** .446** .444** .390** 0.052 1

7. Acceptance .517** .311** .243* .211* 0.042 .523** 1

Mean 6.799 3.445 3.851 3.310 2.031 4.217 3.750

SD 1.278 0.727 1.039 0.927 0.899 0.883 0.676

*: p < 0.05; **: p < 0.01

Further studies and more complex measures of ergonomics workload may provide
insights into different aspects of ergonomics workload. The animation employees may
be overloaded for various reasons, such as having a too heavy work load, feeling over-
whelmed by the quantity of materials, time pressure, or insufficient skills for ergonomics
activities. This research examined flow as a phenomenon with seven underlying dimen-
sions which were, in turn, operationalized as continuous variables. Although a global
flow score on FES-45 may be used by calculating the mean score on all items, we
were interested in investigating the specific relationships of flow components with cri-
terion variables and therefore calculated scores for absorption, enjoyment and intrinsic
motivation.

The importance of intrinsicmotivation for experiencing flowwas also indicated in the
first studies of flow: flow was firstly noted in preferred activities such as chess playing,
dancing, or sports [6]. However, further studies have shown that flow is also experienced
at work [36, 37], and, even more, it has been found that flow can be more often found at
work than in a leisure setting, which was explained by the inability to create a situation
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Table 3. Path test

Estimate S.E C.R P

Negative emotion <--- Present attention −0.096 0.129 −0.846 0.398

Positive emotion and
meaning

<--- Present attention 0.589 0.14 4.095 ***

Compassion <--- Present attention 0.747 0.173 3.684 ***

Acceptance <--- Present attention 0.476 0.125 3.628 ***

Pleasure life <--- Negative emotion −0.007 0.131 −0.069 0.945

Pleasure life <--- Positive emotion and
meaning

0.538 0.195 4.414 ***

Transcendence and
oneness consciousness

<--- Compassion 0.488 0.382 2.712 0.007

Transcendence and
oneness consciousness

<--- Acceptance 0.361 0.236 2.919 0.004

Transcendence and
oneness consciousness

<--- Pleasure life −0.074 0.129 −0.673 0.501

**: Correlation is significant at the 0.01 level (2-tailed).
*: Correlation is significant at the 0.05 level (2-tailed).

with a challenge-skill balance [38]. Additionally, Csikszentmihalyi [39] suggested that
“the best moments usually occur when a person’s body or mind is stretched to its limits
in a voluntary effort to accomplish something difficult or worthwhile”.

5 Conclusions

The purpose of this study is to evaluate the reliability and validity of FES-45 scale in the
study ofmeditation practice of animation industry employees. Both the overall reliability
and the reliability of each subscale indicate that the α value of this study is at a high level.
From the effectiveness results, the goodness of fit index values of the CFA model in this
study are higher than the ideal threshold, and the total variance interpretation rate of the
EFA in this study is higher. FES-45 scale is composed of 7 dimensions and 45 items
in total, with good reliability and validity. These seven factors are different, and the α

coefficient shows a high internal consistency of all seven factors. Overall, the results of
this study confirmed the reliability and validity of the FES as a tool for evaluating specific
psychological characteristics and psychological status. FES-45 is a tool for measuring
mental health and mental transcendence in the working environment and state. This
study conducted an empirical study on the validity and reliability of the Taiwan FES-45.
The measurement results show that the scale has good internal consistency and validity,
and is worthy of further application in various workplaces.

To sum up, our results confirm the seven-factor structure of ergonomics-related
FES-45 adapted from WOLF [36, 40, 23] for work-related flow. There is also evidence
to support the convergent and construct validity of the scale. Therefore, the results
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provide justification for the use of FES-45 in a university context to assess study related
flow experiences. Additionally, FES-45 is not a time-consuming inventory. As a whole,
the present findings indicate that FES-45 can be effectively and efficiently used in an
academic setting for measuring flow in ergonomics-related activities.

6 Research Limitations and Future Studies

Since the number of people in the animation industry in Taiwan is relatively less than
that in Japan, the United States and other countries, many of the talent outflows in the
animation industry are easily limited when recruiting subjects. The model and scale of
research will be more stable and clear if we can recruit employees from other industries.
In future research, the scale can be extended to domestic and foreign industries, or more
industry categories, and more owners and employees can understand their employees’
mental health andwork status, so that owners can also timely intervene and care, establish
good customer relationships, and achieve a win-win situation.
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Abstract. Mobile fitness app is a new product in the Internet era, which pro-
vides convenient fitness help for sports enthusiasts. The purpose of this study is
to explore the influencing factors of users’ long-term willingness to use mobile
fitness App-Keep, and to produce a design guide for the design and marketing
of Keep. Based on the Expectation confirmation model of IS continuance (ECM-
ISC), this study combines the important variables of the Technology Acceptance
Model (TAM) and the Expectation Confirmation Theory (ECT), and then com-
bines the characteristics of Keep app, constructs amodel that affects its continuous
use intention, and then makes statistical analysis of the questionnaire data. Verify-
ing the influencing factors and mechanism of user stickiness does not lead to the
following conclusions: (1) The perceived ease of use of mobile fitness application
Keep has a positive impact on perceived usefulness, while the perceived ease of
use has no significant impact on user satisfaction; (2) Perceived usefulness, per-
ceived interestingness and perceived quality have a direct and significant impact
on user satisfaction, thus enhancing users’ willingness to continue using; (3) Per-
ceived usefulness plays a complete intermediary role in the relationship between
perceived ease of use and satisfaction, while it plays a partial intermediary role in
the relationship between perceived interest and satisfaction. In this paper, a con-
ceptual model of user stickiness in mobile health applications is constructed and
verified theoretically. The practical level provides product strategy tips for Keep
app and even all mobile health applications to form better user stickiness.

Keywords: User stickiness · Keep · Information system continuous use model ·
Mobile health applications

1 Introduction

In recent years, with the promotion of national policies, the national fitness enthusiasm
is high, and more and more people are involved in the fitness cause. However, due to
the limitation of epidemic situation, online fitness has become the most popular exercise
mode for people today, and the multifunctional fitness application (MFAs) represented
by Keep has ushered in the skyrocketing growth rate and profit rate. According to the
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data of Keep prospectus, the online fitness market in China will reach 369.7 billion yuan
in 2021, with a compound annual growth rate of 14.3% from 2015 to 2021. The online
fitness market is expected to continue to grow in the future, and the market scale will
reach 896.5 billion yuan by 2026 [1].

Online fitness industry contains a huge blue ocean of consumption, covering fit-
ness equipment, sports shoes and clothing, fitness food, sports software, smart wearable
devices and many other fields [1]. As a form of online fitness, MFAs has a variety of
functions, including fitness courses, diet management, fitness data, dynamic sharing,
and sales of sports products. It provides users with one-stop full-process fitness services
and meets the needs of users for low-cost exercise with fragmented time. Compared
with traditional gyms, Keep and other fitness apps have the characteristics of free use
time and space, and users can train anytime and anywhere. At the same time, the social
attribute of Keep is also an important factor to attract many people to exercise online.

Different from the vigorous development in the field of practice, academic circles still
lack sufficient attention to the application of mobile fitness [3]. Most scholars’ research
focuses on the profit model and commercial layout of mobile fitness applications, and
lacks in-depth exploration of user stickiness in the field of mobile medical health. In
order to improve the understanding of user behavior in mobile fitness application and
promote the sustainable development of business model, we should study “application
stickiness”.However, fewmathematicians have explored user stickiness inmobile fitness
applications, and some scholars (Yin Meng 2020) have analyzed MFA users’ intention
of continuous use and in-app purchase from two aspects of tool stickiness and social
stickiness [2]. At the same time, some scholars (Aoshang Li 2019) introduced two
variables, namely perceived usefulness and habit, based on goal setting theory to explore
how health goals affect the continuous use of sports fitness apps [4]. Others (Cong
Liu 2020) combined the expectation confirmation theory, technology acceptance theory
model, information system success model, information system continuous use theory
model and the characteristics of sports fitness app to build a model of sports fitness
app’s willingness to continue to use, and analyzed the factors affecting the willingness
to continue to use sports fitness app [5].

It is very meaningful to study the reasons and influencing factors behind the user
stickiness of mobile fitness applications for the design, operation, management and
commercial expansion of MFA. Specifically, 74% of health app users stopped using an
app within ten times, and 26% of health apps only used it once after downloading [6]. In
addition, enhancing user stickiness is very important for enterprises to improve profits
and develop business. The longer users stick to an app, the more energy and emotion
they put into it, and the more likely they are to develop into customers who buy more
goods and services. However, with the increase of online fitness users, most of them are
mobile fitness applications, but it is difficult to realize online realization, instead, a large
number of them will be diverted to offline. In a sense, this is also a way of losing online
users. Keep’s difficulty in commercialization has also been proving this point: from the
prospectus released by Keep, it can be seen that in the first three quarters of 2019, 2020
and 2021, Keep has been in a state of loss [7]. Therefore, the biggest challenge for MFA
is to improve user stickiness.
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In this paper, Keep users will be taken as the research object, and a model of Keep
users’ willingness to continue to use will be constructed by combing the existing lit-
erature. Then, the proposed research variables will be quantitatively analyzed by ques-
tionnaire survey and mathematical statistics, so as to test the proposed model of Keep
users’ willingness to continue to use, and then the related factors affecting the users’
willingness to continue to use mobile fitness applications will be deeply discussed, and
finally the relevant design strategy guidancewill be put forward according to the research
results.

2 Research Methodology

In order to make a scientific and complete analysis of the factors that affect the stickiness
of mobile health App-Keep user groups, this study is based on the characteristics of the
target user groups, considering the feasibility and standardization of different research
methods of mobile application, the following three research methods are selected:

2.1 Document Analysis

In this study, we first use the book analysis method to search the relevant keywords with
the help of Chinese and English databases such as Web of Science, CNKI, Sciencedi-
rect, etc., select a wide range of applications for “Continuous use”, “User stickiness”,
“Mobile App”-related research content to read and comb, and then focus on keywords,
the research focused on the keywords of “Fitness App”, “Keep”, “Willingness to use
continuously” and so on. At the same time, it browsed a large number of relevant web
pages and public opinion introductions, the present research situation, research theory
and different research methods of fitness app, especially Keep app user stickiness and
continuous use intention were investigated.

2.2 Questionnaire Method

By using themethod of questionnaire to investigate the users of Keep app, combining the
aim of this study and the dimension of the model, and referring to the mature problems
in the literature and the design of the scale, the questionnaire of this study is made, the
questionnaire is in the form of Likert’s five-point scale, rating each research question
on a scale of one to five to obtain the data needed for model validation. And then the
initial distribution of questionnaires, collect some data for analysis after adjusting the
problem. Finally, the modified questionnaire is sent out and collected through various
ways to eliminate the invalid questionnaire data and input the valid data into the statistical
software.

2.3 Empirical Analysis

By using SPSSAU and Amos 26.0 analysis software to sort out the information obtained
from the analysis, with the help of reliability and validity testing, correlation analysis,
model fitting and other analytical methods, in this paper, we study the related factors of
user stickiness of mobile fitness App-Keep, and use the data analysis results to test and
support the theory and model of this study.
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3 Literature Review and Theoretical Discussion

This research mainly focuses on the analysis of the factors that make users sticky in
the process of using Keep app’s core function module: training course-training sharing-
training record. In order to design the analysis model of this paper as scientifically as
possible, from the study of the use of psychology and use behavior to explore the use of
mobile fitness app users to analyze the role of factors. Because it is very important for
users to Keep using behavior, and Keep app is an information system that integrates
content learning and sharing, information search, order and service, etc., therefore,
the research focuses on the technology acceptance model, the theory of expectation
confirmation and the model of the continuous use of information system, for the late
establishment of the research model to lay a good foundation.

3.1 User Stickiness

User stickiness first appeared in the field of e-commerce, and then it was widely used in
the field of Internet. Haiping Wang [8] thinks that stickiness is the extra cost that users
bring when they change their consumption behavior, and they will Keep their original
behavior unchanged.Wu [9] and other researchers have studied online games, describing
the stickiness of game users as the willingness of players to repeatedly return to the game
and prolong each stay. Li [10] believes that user stickiness refers to the willingness and
behavior of users to use for a long time. At present, there are two kinds of researches on
user stickiness, one is the research on the formation mechanism of user stickiness based
on technology acceptance model and expectation confirmation model. The other is to
study the influencing factors of user’s sticky behavior by mining user’s behavior data
with big data [11].

3.2 Technology Acceptance Model (TAM)

Technology Acceptance Model (TAM) was developed from a psychological theory that
describes computer user behavior based on beliefs, attitudes, attention, and user behavior
(Davis et al. 1989) [12]. The model proposes two main determinants: perceived useful-
ness and perceived ease of use. They are influenced by external factors, including system
design features, task features, organizational structure and other measurable variables,
which have a positive impact on perceived usefulness and perceived ease of use. At
the same time, perceived usability affects perceived usefulness, and both affect user’s
attitude, which, together with perceived usefulness, affects user’s intention to use, and
ultimately has a positive impact on user behavior. Since TAM was put forward, many
scholars have carried on the research and the application to it, the research and the appli-
cation in different fields are accompanied by the expansion and the perfection of the
model, and with the improvement of the model, the TAM theory has also expanded the
scope of application.

3.3 Expectation Confirmation Theory (ECT)

When people study and predict user behavior to increase user stickiness, they usually
combine expected confirmation theory with other theories, and then integrate it into the
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continuous use model of information system, by means of structural equation modeling
(SEM) and other methods to verify the object of study, to prove that the model of con-
tinuous use of information systems for the study of user behavior of the authenticity and
accuracy of continuous use. Therefore, this research will continue this train of thought,
based on the information system continuous use model, fusion Technology Acceptance
Model (TAM) and Expectation Confirmation Theory (ECT)to introduce relevant vari-
ables, extend the information system continuous use model, the influencing factors of
Keep users’ stickiness were investigated by questionnaire and structural equation mod-
eling. In theory, this research extends the continuous use model of information system to
multi-function mobile fitness application field, in order to reveal and predict the behav-
ior rule of mobile fitness application users, it can provide some theoretical reference for
MFAS to observe users’ psychological needs and enhance users’ stickiness.

3.4 Information Systems Continue to Use the Model

Since the concept of continuous use of information system was put forward, it has
been widely used in various information systems by domestic and foreign scholars,
such as various portals, social platforms, management systems, online learning plat-
forms. At the outset, Bhattacherjee argued that the willingness of users to continue
using information systems is similar to whether consumers continue to buy products or
services, therefore, he created a new Expectation Confirmation Model of Information
System Continuance [16] based on the theory of Expectation Confirmation, which inte-
grates the degree of Expectation Confirmation into the explanatory framework of user’s
Information Continuance behavior.

In recent years, the continuous usage model of information system has become more
and more popular in the field of mobile application, the empirical research has also
proved the validity of ECM-ISC model in explaining the continuous use behavior of
information system users, ECM-ISCmodel is also gradually improving, more universal.
Domestic scholars Xiaofeng Yang and Boyi Xu (2009) agree that the success of an
information system depends to a large extent on the continued use of an object, the
ECM-ISC model was constructed and validated by introducing two internal variables,
trust perception and entertainment perception, and four external influencing factors,
such as social influence [17]. This is the earliest research and application of ECM-ISC
model in our country, and also leads a lot of research to adapt to their own research
topic. Chunmei Gan et al. (2018) analyzed the community platform, and the results
showed that: in the socialized Q & a community, user satisfaction, perceived usefulness,
entertainment satisfaction, and information satisfaction have significant effects on users’
intention to use [18]. These empirical analyses fully demonstrate that the introduction
of research-appropriate and innovative variables does play a role in the long-term use
intention of users. The integration and optimization of ECM-ISC model by different
researchers also shows the applicability of expanding ECM-ISC model.

ECT-ISC model brings great innovation, not only consummates the theory of expec-
tation confirmation, but also enriches the technology acceptance model. Therefore, the
use of ECT-ISC theory helps us to explore the mobile fitness application user stickiness
factors and the mechanism behind (see Fig. 1):
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Fig. 1. Continuous use of information systems model

When people study and predict user behavior to increase user stickiness, they usually
combine expected confirmation theory with other theories and then integrate it into the
continuous use model of information systems, by means of structural equation model-
ing (SEM) and other methods to verify the object of study, to prove that the model of
continuous use of information systems for the study of user behavior of the authentic-
ity and accuracy of continuous use. Therefore, this research will continue this train of
thought, based on information system continuous use model, fusion technology accep-
tancemodel (TAM) and expected confirmation theorymodel (ECT) to introduce relevant
variables, extend information system continuous use model, the influencing factors of
Keep users’ stickiness were investigated by questionnaire and structural equation mod-
eling. In theory, this research extends the continuous use model of information system to
multi-function mobile fitness application field, in order to reveal and predict the behav-
ior rule of mobile fitness application users, it can provide some theoretical reference for
MFAS to observe users’ psychological needs and enhance users’ stickiness.

4 Research Hypothesis and Research Model

4.1 Study Assumptions

Perceived Quality and Satisfaction of Mobile Fitness App-Keep. Information quality
is the quality of the output of the form of information produced by the information
system used (Raiet al. 2002). The better the information quality, the more appropriate
the decision-making, the more positive impact on user satisfaction. One of the important
purposes of the mobile health app is to provide users with all kinds of fitness and health-
related information, users are oftenmade to feel that they are contributing to better health
management, that is, the more satisfied users are with their use.

Based on the above analysis and discussion, the following hypotheses are proposed:

H1: The perceived quality of mobile fitness App-Keep has a positive effect on user
satisfaction.

Perceived Ease of Use, Perceived Usefulness and User Satisfaction of Mobile Fit-
ness App-Keep. Based on the Technology Acceptance Model (TAM) and expectation
validation model adopted in this study, combined with previous studies, such as Oliver
(1980) in the proposed expectation validation model, it is clearly pointed out that per-
ceived usefulness has a positive impact on user satisfaction, Cho (2016) demonstrated
that perceived ease of use affects perceived usefulness by examining the adoption behav-
ior of healthy apps [19], according to Liao, Chen,Yen (2007), users’ perception of system
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usefulness and ease of use has a positive effect on satisfaction [20], and the more sat-
isfied users are, the more willing they are to continue using the system. And various
studies have shown that user perceived ease of use can directly contribute to perceived
usefulness [20].

Based on the above analysis and discussion, the following hypotheses are proposed:

H2: perceived usefulness of mobile fitness App-Keep has a positive effect on user
satisfaction;
H3: Perceived ease of use of mobile fitness App-Keep has a positive effect on user
satisfaction;
H4: User Satisfaction has a positive effect on the intention of continuous use of mobile
fitness application Keep;
H5: perceived usability of mobile fitness App-Keep has a positive effect on perceived
usefulness.

Perceived Entertainment and User Satisfaction of Mobile Fitness App-
Keep. Perceived entertainment refers to the degree of pleasure and excitement that
users get from using a mobile fitness app [21]. Previous studies have shown that enter-
tainment satisfaction and fun have a significant impact on user satisfaction and intention
to use. Basak and Calisir have studied Facebook and found that entertainment satisfac-
tion can have a significant effect on user satisfaction, which in turn affects intent to use
consistently [22]. When mobile fitness apps can improve the negative emotions users
experience during a healthy workout in interesting ways, users will be more likely to
feel satisfied and want to continue using them.

Based on the above analysis and discussion, the following hypotheses are proposed:

H6: the perceived entertainment of mobile fitness App-Keep has a positive effect on user
satisfaction.

The Persistence of Mobile Fitness App-Keep and the Stickiness of Users. Qing
Zhao et al. [23] analyzed the forming mechanism of the sticky behavior of the network
users, and showed the conceptual model of the sticky behavior of the network users, the
network sticky behavior is a kind of over-use behavior produced by the users on the basis
of continuous use, which follows the psychological changes, therefore, the stickiness
behavior of users can be predicted by the intention of continuous use.

Based on the above analysis and discussion, the following hypotheses are proposed:

H7: the continuous use intention of mobile fitness App-Keep has a positive effect on the
stickiness of users.

4.2 Construction of Research Model

This research refers to the relevant literature in the fields of information system, mobile
application and so on, and is mainly based on the Expectation confirmation model of
IS continuance (ECM-ISC), the key variables of Technology Acceptance Model (TAM)
and Expectation Confirmation Theory (ECT) are combined with the characteristics of
Keep app and the previous research, it is concluded that entertainment satisfaction, social
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satisfaction and information satisfaction are the main marketing factors for the contin-
uous use of information system users, and the following models are finally established
(see Fig. 2):

Fig. 2. Keep user stickiness influence factor concept model

5 Methods

5.1 Questionnaire Design

The questionnaire of this study consists of three parts: basic questions, measurement
scales and basic information.Among them, the basic questions investigate the experience
of using Keep app, including the frequency of use and common functions. The second
part of the measurement scale draws on the mature scales of domestic and foreign
scholars, as shown in Table 1, where the perceived usefulness scale where perceived
usefulness refers to the research results of Fred D. Davis and Bhattacherjee Aetal [16],
with three entries; perceived ease of use refers to the research of Fred D. Davis [25], with
four entries; perceived entertainment refers to the research of Ji- WonMoon and Xueqin
Zhao [26] for a total of 3 entries; perceived quality refer to the study of Bailing Liu [27]
for a total of 2 entries; satisfaction refer to the study of Oliver R L and Xueqin Zhao [26]
for a total of 3 entries; continuance usage intention refer to the study of Bhattacherjee A
[16] for a total of 2 entries; user stickiness refer to the study of Lin [10], with a total of
2 items. A 5-point Richter scale (totally disagree - totally agree) was used for all scales.
The third part of the basic information was to investigate the demographic characteristics
of the subjects such as gender and age.

5.2 Statistical Method

The data were statistically analyzed using SPSSAU online and analysis software AMOS
26.0. The demographic characteristics of the sample were first analyzed by SPSSAU
online; and then the reliability, convergent validity, and discriminant validity of each
variable were tested using SPSSAU online; in the hypothesis testing section, structural
equation analysis was performed using AMOS 26.0 software to analyze the fit of the
theoretical model.
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Table 1. Measurements and sources of each variable.

Latent Variable Manifest Variable Source of Measurements

Perceived Usefulness (PU) PU1. I think Keep course
training has helped me with my
exercise

Fred D. Davis, 1989;
Bhattacherjee A, 2001

PU2. I think Keep helps me with
my exercise program

PU3. Compared to other
exercise and health apps, I think
Keep provides me with more
useful information or
knowledge, or more in accord
with my training wishes

Perceived Ease of Use (PEOU) PEOU1. I think the information
provided by Keep is easy to
understand

Fred D. Davis, 1989

PEOU2. I think using the Keep
functions is unthinkable for me

PEOU3. I know how to search
and find useful sports resources
on Keep

PEOU4. I know how to use the
exercise resources found on
Keep

Perceived Entertainment (PE) PE1. Keep has stimulated my
interest in sports

Ji-Won Moon, 2001;
Xueqin Zhao, 2019

PE2. The process of using Keep
is very pleasant

PE3. Overall Keep has given me
a lot of fun

Perceived Quality (PQ) PQ1. I think the exercise
resources on Keep are better than
other platforms

Bailing Liu, 2018

PQ2. I think the exercise
resources on Keep can meet my
individual needs

Satisfaction (SA) SA1. I think it is wise to use
Keep

Oliver R L, 1980; Xueqin
Zhao, 2019

SA2. I am satisfied with the
decision to use Keep

(continued)
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Table 1. (continued)

Latent Variable Manifest Variable Source of Measurements

SA3. Using Keep has helped me
solve some problems and makes
me feel satisfied

Continuance Usage Intention
(CI)

CI1. I would like to use Keep as
often as possible

Bhattacherjee A, 2001

CI2. I would like to continue
using Keep as a workout
management software, rather
than using something else
instead

User Stickiness (US) US1. I prefer to use Keep over
other exercise and health
software

Lin C C, 2007

US2. I think of looking for
solutions on Keep as soon as a
relevant need arises

5.3 Data Collection Process

The study was distributed through the online platform from September 22 to September
27 in 2022, a total of 279 questionnaires were distributed and 279 questionnaires were
collected, the questionnaire recovery ratewas 100%, excluding thosewho did not answer
seriously and thosewhohad not usedKeep’s sample data, finally 222 valid questionnaires
were obtained, the questionnaire efficiency rate was 80.0%.

Among the 222 valid questionnaires, the majority of female subjects accounted for
63.5% and male subjects accounted for 36.5%; most of the subjects were between 20
and 29 years old, accounting for 78.8%, while those under 20 years old accounted for
20.3% and those over 29 years old accounted for only 0.9%. According to the “Keep
in-depth report” released by Guohai Securities on April 22 in 2022, 58% of female
users and 42% of male users used Keep in 2021, female users are more concerned about
personal body shape, and 74% of users are less than thirty years old, so the effective
sample of this study is reasonable although it has the characteristics of youthfulness
and more female subjects. In terms of the education level of the sample, most of the
subjects had a bachelor’s degree, accounting for 72.5%, those with a master’s degree
and above accounted for 25.2%, and those with high school/junior high school and
below accounted for 2.3%, which was a smaller sample. The investigation of subjects’
experience of using Keep app revealed that most of the subjects used Keep for the
functions of training sessions, exercise records and training plans, and 32.9% of the
subjects used it for one year or more. Overall, the number of valid samples in this study
is sufficient and the structure is generally reasonable.
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6 Results

6.1 Reliability and Validity Analysis

Table 2. Variable reliability and convergent validity tests.

Latent variable Question number Standard load factor Cronbach α AVE CR

Perceived
Usefulness (PU)

PU1 0.754 0.808 0.584 0.808

PU2 0.747

PU3 0.79

Perceived Ease of
Use (PEOU)

PEOU1 0.766 0.871 0.636 0.875

PEOU2 0.825

PEOU3 0.815

PEOU4 0.781

Perceived
Entertainment (PE)

PE1 0.79 0.879 0.717 0.884

PE2 0.869

PE3 0.878

Perceived Quality
(PQ)

PQ1 0.902 0.879 0.785 0.879

PQ2 0.87

Satisfaction (SA) SA1 0.894 0.916 0.784 0.916

SA2 0.898

SA3 0.863

Continuance Usage
Intention (CI)

CI1 0.846 0.834 0.718 0.836

CI2 0.849

User Stickiness
(US)

US1 0.918 0.847 0.745 0.854

US2 0.805

The confirmatory factor analysis (CFA) was conducted for a total of 7 factors and
19 analysis items. The valid sample size of this analysis is 222, which exceeds the num-
ber of analysis items by 10 times, and the sample size is moderate. The results of the
reliability analysis on the seven variables of perceived usefulness, perceived ease of use,
perceived entertainment, perceived quality, satisfaction, continuance usage intention,
and user stickiness showed that (see Table 2), the Clonbach Alpha values of perceived
usefulness, perceived ease of use, perceived entertainment, perceived quality, satisfac-
tion, continuance usage intention, and user stickiness were 0.808 to 0.916, all greater
than 0.80, with good reliability. The results of the confirmatory factor analysis showed
that the explained variance of each variable was above 70%, the factor loadings of
each question term were 0.747–0.918 (>0.70), the AVE values of each latent variable
were 0.584–0.785 (>0.50), and the CR values of each latent variable were 0.808–0.916



424 Y. Jiang et al.

(>0.80), indicating that the model had good convergent validity. In addition, the square
roots of AVE were all greater than the absolute values of the correlation coefficients
of the latent variables in their rows and columns, indicating that the model had good
discriminant validity (see Table 3).

Table 3. Discriminant validity tests.

PU PEOU PE PQ SA CI US

Perceived Usefulness (PU) 0.764

Perceived Ease of Use (PEOU) 0.657 0.797

Perceived Entertainment (PE) 0.682 0.617 0.847

Perceived Quality (PQ) 0.704 0.672 0.661 0.886

Satisfaction (SA) 0.755 0.684 0.711 0.728 0.886

Continuance Usage Intention (CI) 0.673 0.581 0.716 0.676 0.811 0.848

User Stickiness (US) 0.641 0.572 0.679 0.728 0.728 0.789 0.863

6.2 Evaluation of the Overall Fitness of Structural Equation Model

The structural equation model construction using AMOS 26.0 is shown in Fig. 3; the
analysis results show (see Table 4) that X2/df = 2.502, GFI = 0.854, RMSEA = 0.082,
SRMR = 0.042, IFI = 0.939, CFI = 0.939, NFI = 0.903, and AGFI = 0.804, except
for the value of GFI are on the low side (some scholars also consider GFI > 0.8 as an
acceptable level), the rest of the indicators are within the critical criteria, indicating that
the structural model fit is good and path analysis can be performed.

Table 4. Initial structural equation model fitting indicators.

Common indicators χ2/df GFI RMSEA RMR CFI IFI NFI AGFI

Judgement Criteria <3 >0.9 <0.10 <0.05 >0.9 >0.9 >0.9 >0.8

Value 2.502 0.854 0.082 0.042 0.939 0.939 0.903 0.804

6.3 Results of Testing the Research Hypothesis

From Table 3, H1, H2, H4, H5, H6, and H7 are supported by the data, except for H3
which does not pass the test. Although perceived ease of use does not have a significant
positive relationship with satisfaction, perceived ease of use can positively affect per-
ceived usefulness. In addition to this, when we performed model fitting and hypothesis
testing, we found that perceived entertainment and perceived quality also have a positive
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Fig. 3. Initial structural equation model path diagram.

Table 5. Initial structural equation model fitting indicators.

Hypothetical path Coefficient CR Conclusion

PEOU→PU 0.858 11.666 ***Supported

PU→SA 0.521 2.968 **Supported

PE→SA 0.322 4.479 ***Supported

PQ→SA 0.302 2.968 **Supported

PEOU→SA −0.179 −0.809 Not Supported

SA→CI 1.002 15.837 ***Supported

CI→US 1.012 12.58 ***Supported

effect on perceived usefulness to some extent. Therefore, we added the hypothesis H8
that the perceived entertainment of mobile fitness app-Keep has a positive effect on the
perceived usefulness, and H9 that the perceived quality of mobile fitness app-Keep has
a positive effect on the perceived usefulness (Table 5).
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Table 6. Reconfiguration structural equation model fitting indicators.

Common indicators χ2/df GFI RMSEA RMR CFI IFI NFI AGFI

Judgement Criteria <3 >0.9 <0.10 <0.05 >0.9 >0.9 >0.9 >0.8

Value 2.331 0.862 0.078 0.042 0.946 0.947 0.91 0.814

Table 7. Reconfiguration structural equation model fitting indicators.

Hypothetical path Coefficient CR Conclusion

PEOU→PU 0.286 2.578 **Supported

PE→PU 0.328 4.217 ***Supported

PQ→PU 0.281 2.725 **Supported

PE→SA 0.258 3.155 **Supported

PQ→SA 0.245 2.74 **Supported

PU→SA 0.447 3.253 ***Supported

SA→CI 1.001 15.971 ***Supported

CI→US 1.012 12.683 ***Supported

The model after the additional hypothesis was reconstructed (see Fig. 4) and fit
analysis was performed, see Table 6, the structural model fit is good for path analysis.
From Table 7, all hypotheses are supported by the data.

6.4 Results of Mediating Effect Tests

Bootstrap method was used to test the mediating effect of perceived usefulness (see
Table 8), and the test was repeated 2000 times. Based on the Bias-Corrected interval
estimation method, the mediating effect was significant if the upper and lower bounds of
the indirect effect did not contain 0 at the 95% confidence interval. From Table 4, in the
paths “PEOU→PU→SA” and “PE→PU→SA” and “PQ→PU→SA”, the confidence
intervals of the Bias-Corrected method at 95% confidence level are [0.615, 0.950] with
[0.314, 0.824] and [0.291, 0.923], excluding 0. The indirect effects are significant.

7 Result Discussion

After hypothesis testing, there is a positive effect of perceived ease of use on perceived
usefulness of the mobile fitness app Keep, i.e., hypothesis H5 holds. The perceived
ease of use of the mobile fitness app Keep, i.e., the features of the app such as easy to
understand, easy to operate, easy to learn, and easy to use will have a positive impact
on the perceived usefulness of the app. In the survey results, more than half of the users
found Keep’s features easy to understand. They were better able to search for useful
exercise resources, and the courses were convenient to set up. Apps that are easy to learn
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Fig. 4. Reconfiguration structural equation model path diagram.

Table 8. Mediating effect tests.

Hypothetical path Total Effect Probability-value of Two-sided
Test

Bias-Corrected
95%CI

LLCI ULCI

PEOU→PU→SA 0.959 0.001 0.615 0.95

PE→PU→SA 0.232 0.001 0.314 0.824

PQ→PU→SA 0.236 0.001 0.291 0.923

to operate have higher perceived usefulness, while apps that are complex to operate will
greatly reduce users’ perceived usefulness [5]. Perceived ease of use has no significant
effect on satisfaction, which is not consistent with the presupposition, i.e., hypothesis H3
is not valid. The reason may be that the object of study in this paper is a mobile fitness
app. This type of app is used in the process of users spend most of their time interacting
with the content of exercise classes. The simple and convenient app operation cannot
yet significantly affect user satisfaction.

There is a positive effect of perceived usefulness of the mobile fitness app Keep on
satisfaction, and hypothesis H2 holds. The usefulness of exercise information of app
and the degree of users’ willingness to train will affect the satisfaction of users with
app. ECM-ISC’s research shows that perceived usefulness is the main factor influencing
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user satisfaction in the process of using information systems, and this study is generally
consistent with the results of previous studies [16].

There is a positive effect of perceived entertainment of the mobile fitness app Keep
on satisfaction, and hypothesis H6 holds. The nature of the app, such as the entertainment
of the exercise, the pleasantness of the process, and the arousal of the user’s interest, will
affect the user’s satisfaction with the app. In addition, when fitting and testing structural
equation models using the AMOS model, the author found that perceived entertainment
positively influenced perceived usefulness. Thus, hypothesis H8 was added: perceived
entertainment positively affects perceived usefulness. The validation results of this study
illustrate that the entertainment nature of the content of the courses offered by Keep,
the degree of interest in stimulating users to exercise, and the pleasantness of the fitness
process have a positive impact on the perceived usefulness of users.

There is a positive effect of the perceived quality of the mobile fitness app Keep
on satisfaction, i.e., hypothesis H1 holds. The quality of app’s sports resources and the
degree of satisfying users’ needswill affect users’ satisfactionwith app. The author again
found a positive effect of perceived quality on perceived usefulness during model fitting
and hypothesis testing. Thus, hypothesis H9 was added: Perceived quality positively
affects perceived usefulness. The survey shows that more than half of users think that
the resources onKeep are better than other platforms, and sports resources canmeet their
own needs. It shows that training courses and high quality resources tailored to users’
individual needs have a great impact on the usefulness of the app, thus significantly
affecting user satisfaction.

Satisfaction with the mobile fitness app Keep has a positive effect on continuance
usage intention, and continuance usage intention has a positive effect on user stickiness.
Hypotheses H4 and H7 hold. The continuance usage intention is the mediating variable,
and the continuance usage intention plays a fully mediating role in the relationship
between satisfaction and user stickiness. Research based on ECM-ISC theory shows that
satisfaction has a positive effect on the continuance usage intention of exercise and fitness
app users, which is in line with previous research [16]. Satisfaction positively affects
user stickiness through continuance usage intention, demonstrating that the expectation
confirmation model works well in explaining Keep users’ continuance usage intention
andalsodemonstrating that user stickiness behavior canbepredictedby their continuance
usage intention [24].

Perceived usefulness was derived as an important mediating variable during model
fitting and hypothesis testing. Perceived usefulness fully mediates the relationship
between perceived ease of use and satisfaction, while it partially mediates the rela-
tionship between perceived entertainment and satisfaction. It shows that the satisfaction
of perceived ease of use cannot yet directly and positively influence user satisfaction,
but the fitness app can positively influence perceived usefulness by improving the ease
of understanding, ease of operation, ease of learning and convenience of the use pro-
cess, thus enhancing the user stickiness of the platform and leaving loyal users for the
platform.
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8 Practice Inspiration

From the perspective of information system continuance theory, this paper takes fit-
ness app Keep as an example to derive the factors influencing user stickiness in fitness
application area, which has greater significance to the development and op-timization
of mobile fitness app. According to the discussion of the results of this paper, mobile
fitness app operators can start from the following strategies to im-prove user stickiness:

Provide training courses and programs that meet individual needs. Research has
demonstrated that perceived usefulness positively affects satisfaction. Perceived useful-
ness is an important criterion for users to judge whether to use the mobile fitness app or
not, and is an important factor in determining whether users will use the mobile fitness
app again or continue to use it. Mobile fitness applications need to provide targeted and
diversified fitness courses based on users themselves and usage scenarios, in line with
users’ training wishes. For example, to grasp the diverse needs of different users in time
and better enrich the content and types of courses, so as to enhance users’ perceived
usefulness of their sports courses, and then improve users’ satisfaction.

Create an easy-to-use mobile fitness application. The perceived ease of use of the
sports and fitness app has a positive effect on perceived usefulness and indirectly on
user satisfaction and continuance usage intention. The mobile application using needs
a fast, flexible, easy and friendly interactive interface to make the functions simple and
easy to understand. In addition, try to simplify the search of sports resources, make the
information of sports resources and sports courses intuitive and easy to understand, and
enhance the ease of learning for users, so as to quickly meet their training wishes and
needs.

Create a strong sense of interaction and enjoyable fitness experience. Studies have
shown that increasing perceived entertainment can promote perceived usefulness and
satisfaction. The entertainment of the sport is conducive to attracting new users, and the
strong sense of interaction and enjoyable fitness experience is conducive to retaining
mild exerciser. Mobile fitness applications attach importance to stimulating the interest
of users in sports and adding entertainment sports modules, which can not only improve
the participation and activity of users using app, but also promote the retention rate of
users to a certain extent.

Provide scientifically effective, high-quality exercise resources. There is a positive
effect of perceived quality on perceived usefulness and satisfaction. Users pay more
attention to the quality level of sports videos and sports courses. Therefore, mobile
fitness applications, in terms of the introduction of sports resources, should audit the
scientificity and validity of sports resources, develop strict and standard platform course
audit specifications, and supervise the teaching videos uploaded by exercise bloggers
[5]. The quality of exercise resources is strictly controlled in the context of adapting to
the user’s training goals.

9 Shortcomings and Prospects

The limitations of this study are mainly reflected in three aspects: First, the data structure
of the sample is unreasonable, in which the undergraduate and master’s degree popula-
tions are predominant, resulting in a low interpretation of other populations. The scope
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of the survey should be expanded in the future to include different groups of users of
mobile fitness applications to enhance the comprehensiveness of the study. Second, the
perceived ease of use of mobile fitness applications in this study does not significantly
affect satisfaction, which is inconsistent with previous studies, and this part needs to
be discussed and studied in detail in the follow-up. Third, other mediating variables
can be considered in the future and add moderating variables. The current study con-
cluded that perceived usefulness fully mediates the relationship between perceived ease
of use and satisfaction, while it partially mediates the relationship between perceived
entertainment and satisfaction. Continuance usage intention plays a fully mediating role
in the relationship between satisfaction and user stickiness. In addition, there may be
some mediating effect between other influencing factors. Besides perceived usefulness,
influencing factors such as perceived quality, can have a direct impact on satisfaction,
while user income and using frequency of mobile fitness applications have the potential
to act as important moderating variables that directly affect satisfaction and continuance
usage intention, which in turn leads to changes in user stickiness.

It is believed that further research in the future can expand and improve the model
and enrich the related theory.
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Abstract. The skeletal muscle model is an important tool to study the law of
human movement and muscle force, and the joint movement of human upper
limbs is extremely complex. In this paper, we model the human upper limb based
on OpenSim and the main force muscle, simplify the human upper limb skeletal
muscular system, and design experiments based on the two basic movements of
pushing and pulling to evaluate the effectiveness of the model, which proves that
the model simulation results are highly correlated with the experimental results.
Finally, a human upper limbmodelwith three joints, eight groups ofmajormuscles
and ten marking points was established, which can simplify the simulation of
human movement and is very helpful for studying human upper limb movement.

Keywords: Biomechanics · Musculoskeletal Model · OpenSim · surface EMG

1 Introduction

As an important tissue of the human body, the strength level ofmuscles reflects the health
of the human body. In terms of medical treatment, the recovery of muscle function of
patients mostly depends on the subjective experience of doctors and lacks scientific
theoretical support. In the field of athlete training, muscle strength can help trainers
discover the rationality of athletes’ power movements, to achieve targeted training. In
industrial production, muscle analysis can help managers assess muscle fatigue and
injury during workers’ labor, to adjust work intensity and staffing.

However, there is currently a lack of rapid and accurate assessment of muscle condi-
tion. General muscle strength testing experiments use force sensors to calculate muscle
force indirectly, which is complex and cannot be accurate to every muscle. Another
mainstream method is to model the human skeletal muscular system, and then biome-
chanical solve the muscle force through kinematic data and external force data, and now
there are mature professional software, such as AnyBody, OpenSim, etc. With the devel-
opment of motion capture technology, this type of software has become more widely
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used. Therefore, the goal of this study is to build an easy-to-use model of the human
upper limb skeletal musculoskeletal system based on OpenSim.

A large number of scholars have studied human bone muscle models. When dissect-
ing human muscles and examining the microstructure of muscles, it can be seen that the
skeletal muscles of the upper limbs are mainly bundle-like, and due to the presence of
pinnate angles, the muscle force generated during movement is equal to the component
of the contraction force of muscle fibers. The Hill muscle model theory [1] views the
human muscle as a spring-like system composed of a parallel elastic structure and a
pressure structure; Tandem elastic structures represent tendons and other muscular sys-
tem soft tissues. In this model, the muscle is represented as a structure with active and
passive properties, which can simulate changes in physiological parameters as the angle
of the joint changes. Zajac [2] et al. added a tendon conduction model to the Hill model
to characterize the influence of tendon structure on the force transmission process. In
2012, Gunther [3] et al. added the inertia factor of the muscle itself to the force solv-
ing equation on the basis of the Hill model to improve the sensitivity of the model to
changes in external forces in the musculoskeletal system, and Haeufle [4] et al. added
an additional structure-damping on the basis of the Hill’s study to make the model more
consistent with the real situation when the joint angle changes.

The EMG signals can reflect the excitement of the correspondingmuscles to a certain
extent, and the muscle force produced by muscle contraction has a high correlation,
Fleischer [5] believes that calculating muscle strength through myoelectric signals is the
most accurate measurement method. Erkocevic [6] et al. collected the EMG signal of a
muscle tissue, and calculated the wavelength, RMS, ZRC and other eigenvalues of the
EMG signal to study the relationship between the above eigenvalues and grip strength,
and the results showed that there was a high Pearson correlation between the rms value
of the EMG signal and grip strength.

2 Methods

2.1 Upper Limb Model Building

In OpenSim, a musculoskeletal model is made up of joints, bones, and muscles. Joints
connect multiple bones, in which muscles attach to bones and drive joint movement
through the force generated by the muscles.

Upper Limb Joint Settings
The joints of the human upper limb mainly include the shoulder blade, carpal bone,
collarbone, humerus, ulna, and radius, and with the help of anatomical research results,
this paper adds the inertia parameter properties of the hand, radius, ulna and humerus,
shoulder blade and carpal segment in the model. Among them, the mass attributes of the
hand, radius, ulna and humerus, scapula and carpal segments refer to the research results
of Brand [7]. The center of mass and inertial tensor properties of upper limb limbs refer
to the Blackwell’s research results [8], which are based on the human limb attributes of
men at the 50th percentile (Table 1, Table 2).

Since this study mainly explores the characteristics of the ability to exert force on
the shoulder and elbow joints of the upper limbs under typical tasks, this study mainly
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Table 1. Upper limb segment mass and center of mass parameters

Segment name Mass
(kg)

Centre of mass (m)

Rx Ry Rz

Collarbone 0.156 20.011 0.006 0.054

scapula 0.703 20.054 20.035 20.043

humerus 1.997 0.018 20.14 20.012

ulna 1.105 0.009 20.095 0.024

radius 0.233 0.033 20.181 0.015

carpal 0.001 0 0 0

hand 0.5819 20.003 20.042 20.001

Table 2. Upper limb segment inertia parameters

Segment name Inertia (kg·m2)

Ixy Ixz Iyz

collarbone 20.02 20.00007 0.00005

scapula 0.00045 0.00041 0.00024

humerus 20.00035 20.00023 0.00123

ulna 0.00032 20.00008 0.00109

radius 0.00003 0 0.00006

carpal 0 0 0

hand 0 0 0.00001

focuses on the shoulder and elbow joints of the human upper limbs, and does not con-
sider the internal and external rotation movements of the elbow, and the degrees of free-
dom of the upper limb joints include shoulder flexion/extension, adduction/abduction,
internal rotation/external rotation, elbow flexion, wrist flexion/extension, and wrist
adduction/abduction.

Upper Limb Muscle Settings
Hill [9] proposed a mechanical model of muscle structure composed of contractile ele-
ment (CE), series-elastic element (SE) and parallel-elastic element (PE) and used this
to reflect the function of muscles. Among them, the contractile unit CE represents actin
fibers that can slide relative to each other, and the tone of the fibers is related to the num-
ber of transverse bridges; Parallel elastic unit PE indicates the intrinsic elasticity of actin
fibers, transverse bridges, and connective tissues; The tandem elastic unit SE represents
the tendon tissue formed by the extension of themuscle fibermembrane and exhibits non-
linear elastic mechanical properties. In OpenSim modeling, the muscle-tendon model is
simplified to a nonlinear spring (SE)-active contractile element (CE)-passive spring (PE)
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model. In this study, Hill-type muscle-tendon was used to describe 8 muscle groups rep-
resenting themainmuscle groups of the upper limbs. A dynamicmusclemodel described
[10] using Schutte to define itsmuscular attribute characteristics for eachmuscle-tendon.
To align it with the upper limb kinematics model, the normalized isometric force-length
curve of active muscle force and the normalized force-strain curve of tendons are set
to the normalized curve defined by Delp et al. [11]. In order to make the normalized
model representative of a single muscle-tendon, the fiber length, muscle peak force, and
pinnate angle parameters of the muscle group refer to the research results of Holzbaur
et al. [12] (Table 3).

Table 3. Upper extremity muscle parameters

Muscle name Abbreviation Fiber length (cm) Peak force (N) pennation angle

Anterior Deltoid DELT1 9.8 1218.9 22

Lateral Deltoid DELT2 10.8 1103.5 15

Posterior Deltoid DELT3 13.7 201.6 18

Infraspinatus SUPRA 6.8 499.2 7

Pectoralis Major PMAJ 14.4 444.3 17

Latissimus Dorsi LAT 25.4 290.5 25

Triceps TRI 13.4 771.8 12

Biceps BIC 11.6 525.1 0

Opensim [13] Model Building
In this study, the open-source software OpenSim was used for model creation. In the
model, rigid bodies connected by joints are used to represent the skeletal system. In the
musculoskeletal system, joints define the way two limbs move relative to each other.
Joint restraints can limit body movement. Muscles are represented by a series of lines
connecting rigid bodies, and the amount ofmuscle force depends on themuscle pathways
that make up the length of myofibers and tendons, the rate of change in myofiber length,
and the level of muscle activation. The main content of this study is the dynamics of the
arm, which does not involve the relative movement of the body and uses the right arm
as a modeling object. OpenSim models usually start from the ground as a generalized
coordinate system, which has the advantage of quantifying the movement of the body
relative to the ground, so the right arm model selects the ground as a reference frame,
first defines the ground, the gravitational acceleration is −9.8 m/s2, the length unit is m,
and the unit of force is N.

For the kinematics of the model, OpenSim uses Simbody, an open-source multibody
dynamics solver. In Simbody andOpenSim, the bones are themain part of themodel, and
the bones are connected sequentially by joints. Joints define coordinates and kinematic
transformations that control the motion of an object relative to its parent. In the model,
all the bones are contained in the BodySet. Therefore, you should begin modeling by
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first defining a set of bone rigid bodies to represent the system, and then use joints
to connect the bones. Subsequently, the joints are defined. Joints are equivalent to the
bone connections of the human body, which define the mutual movement between rigid
bodies. This paper defines the shoulder, elbow, and sternoclavicular joints as free joints.
In the definition of joints, this paper uniformly uses the skeletal coordinate system to
define the elbow joint, defines the center of mass and inertia of the joint in the reference
frame, and specifies the position fixed in this skeletal joint coordinate system.

On this basis, the muscles in the model need to be defined, including muscle physio-
logical parameters, dynamic parameters, muscle paths, and muscle geometry wrapping
settings. The Millard 2012 Equilibrium Muscle model was selected for this paper. The
previous section determined the physiological parameters of themuscle and added geom-
etry on the basis of the dynamic parameters. The primary role of geometry wrapping is
to define the contact surface between muscle and bone to produce more precise changes
in muscle length.

In sports biomechanics, the data-drivenmodel of marker points usingmotion capture
is an effective model-driven method, which can accurately determine the movement
posture of the human body, and on this basis, the joint torque andmuscle force simulation
analysis are carried out. The motion capture marker points required by OpenSim are
generally stored in TRC files, and the motion capture data is obtained by tracking the
optical marker points attached to the human body by synchronous cameras. In order to
obtain the posture of the human body in motion, the movement marker point data will
be established and associated with the human body, and the virtual model of the upper
limb uses 10 marker points and fixed on the right arm and torso of the upper limb, so
that the posture information of the human body during movement can be determined.

Open the finished model file in the OpenSim GUI, The established model includes
degrees of freedom, bone, joint, and muscle properties (Fig. 1). The model can be driven
by motion capture data for reverse dynamics, reverse kinematics, and static optimization
analysis.

2.2 Upper Limb Model Validation

On the basis of constructing the upper limb model, in order to evaluate the effectiveness
of the upper limb bone muscle model, this study carried out the typical action force
experiment of equal length pushing and pulling, and the EMG data of the main muscle
of the upper limb were collected in the experiment, and the biomechanical modeling was
carried out to solve the muscle activation degree according to the kinematic data and
external force data collected by the experiment, and the correlation analysis between the
model simulation results and the muscle activation degree results of electromyography
was carried out to verify the effectiveness of the upper limb model.

Subjects
Ten healthy male subjects were selected to participate in the experiment. To ensure
the validity of the experimental data, the following requirements are put forward for
volunteers: age 25–35 years old, weight 50–85 kg, height 1.65–1.80 m. Subjects were
asked to be right-handed, and subjects had no history of skeletal muscle injury. All
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Fig. 1. OpenSim skeletal muscle model

subjects were informed of the purpose of the study and not for commercial purposes.
This study was accredited by the school’s ethics review committee.

Experimental Equipment
Experimental equipment includes BTE Primus RSmechanical measurement equipment,
Biovison surface electrodes equipment, NDI Optorak dynamic capture acquisition sys-
tem.Among them, BTEPrimusRSmechanicalmeasuring equipment was used to collect
the subject’s hand operating force during typical exercise, and Biovison surface elec-
tromyography measurement equipment was used to collect the EMG signals of the main
upper limb muscles (Anterior Deltoid, Lateral Deltoid, Posterior Deltoid, Pectoralis
Major, Triceps, Biceps, Latissimus Dorsi, Infraspinatus). The NDI Optotrak motion
capture system was used to collect data on subjects’ motion attitude during typical
operations.

Experimental Pose
The experiment was divided into isometric static pushing and pulling operations. The
subjects were required to keep their feet forked during the force process, and the left
foot in front and the right foot in the back kept the center of gravity stable during the
movement. Then adjust the center of the BTE joystick hinge to the same height as the
subject’s shoulder, the angle between the joystick and the vertical direction is 30°, and
the vertical plane where the subject and the center of the joystick hinge are located is
flush, maintaining 10 cm from the joystick. Adjust the joystick length so that the end
of the joystick is at the same height as the subject’s lumbar vertebrae, and the subject
grasps the joystick in the palm of his hand (Fig. 2).

Experimental Process
Before the experiment, subjects attached electrodes to the main muscles of the upper
limbs, such as the anterior deltoid fascicle, the middle deltoid fascicle, the posterior
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Fig. 2. Static push-pull action pose

deltoid fascicle, the pectoralis major, the triceps, the biceps, the latissimus dorsi, and the
infraspinatus muscle (Fig. 3).

Fig. 3. Surface electrode attachment schematic

Once the electrode is attached, NDI Optorak motion is used to capture the relative
position of the torso and right arm. There are four marker points on each marker point,
two of which are fixed to the upper arm and forearm position of the subject’s arm, and
the other marker point is fixed to the subject’s torso.

After the subjects finished wearing the equipment, the experiment was carried out
according to the requirements of the main test, and the experiment was divided into
static isometric pushing and pulling typical operations. The subjects first carried out
static pushing operation, and after the physical fitness was fully restored, the static
pulling operation was carried out. Among them, the push operation first requires the
subjects to exert force according to the established posture of the experiment and adopt
the isometric force test method. The power level is set to 30 N, 50 N, 70 N, and the
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maximum force level. The subjects in turn exerted force according to the set force level
and maintained for 6 s, and each group of force required the subject to rest for 5 min to
continue the next level test, and the subject was required to push the joystick forward
with the help of arm strength during the force generation process.

The pull operation attitude is consistent with the push operation attitude, and the
isometric test method is also adopted, and the force level is set to 30 N, 50 N, 70 N,
and maximum force operation. The subjects maintained their strength for 6s according
to the established force level in turn and took a 5-min break for each group for the next
set of tests. During the force generation, subjects were asked to hold the lever and pull
the lever back with the help of only the strength of the right arm.

Experimental Data Analysis
Data analysis is divided into surface EMG data activation analysis andmodel-based sim-
ulation muscle activation analysis. According to the test project process, the activation
degree of eight main force muscles under four different force application methods in
static push-pull operation was analyzed.

Surface EMG Data Activation Analysis
Firstly, the data preprocessing of the original sEMG signal mainly includes three steps:
50 Hz notch to remove power frequency interference, 30 Hz zero-phase shift high-
pass filtering to remove motion artifacts, and low-pass filtering of data after full-wave
rectification.

The above preprocessing method was used to process the surface EMG signal at the
static push and static pull force levels, and themaximumvalue of themaximumvoluntary
contraction surface EMG signal was found, and the maximum value was regarded as the
signal at 100% muscle activation. The normalized EMG signal was obtained, and the
normalized EMG signal was used to solve the nerve activation intensity u(t), and the
nerve activation intensity was a recursive model, and the single nerve activation intensity
u(t) was related to the nerve activation intensity u(t−1) and u(t−2) of the previous two
times. α is the gain coefficient, d is the electrode delay time, β1 and β2 are the recursion
coefficients (Eq. (1)).

uj(t) = αej(t − d) − β1uj(t − 1) − β2uj(t − 2) (1)

β1 = C1 + C2 (2)

β2 = C1 ∗ C2 (3)

α = β1 + β2 + 1.0 (4)

The nonlinear model was used to solve the muscle activation degree a(t) according
to the nerve activation degree u(t), where A is the nonlinear coefficient, representing the
nonlinear degree of nerve activation intensity u(t) and muscle activation intensity a(t)
(Eq. (5)).

aj(t) = eAuj(t) − 1

eA − 1
(5)
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Model-Based Simulation Muscle Activation Analysis
The simulation muscle activation solution based on the Opensim model mainly includes
model scaling, reverse kinematics solution, reverse dynamic solution, and static opti-
mization to solve muscle force. The static kinematic data were used to scale the upper
limb model to be consistent with the physical properties of the subject’s limb segment.
Based on the scaled model, with the collected kinematics data as input, the angle of the
upper limb joint expressed in the form of Euler angle during movement can be obtained
through OpenSim Inverse Kinematics solution. Based on the reverse kinematics solu-
tion, by adding hand operation force and performing Inverse Dynamics solution, the
upper limb joint torque under different motion conditions of the subject under different
sports conditions can be obtained considering external force factors. Combined with the
kinematic data representing the change of joint angle calculated in the first two steps and
the reverse dynamic data reflecting the change of joint torque, the static optimization
algorithm is used to solve the main force muscle activation degree of the upper limb
muscle group (Fig. 4).

Fig. 4. Surface electrode attachment schematic
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3 Results

The data obtained are divided according to the different stages of the force level during
the experiment, and the average value of each stage is calculated. The surface EMG
calculates muscle activation and the model simulates muscle activation of one of the
subjects are shown in the table (Table 4, Table 5).

Table 4. The surface EMG calculates muscle activation

Muscles 30 N 50 N 70 N

DELT1 0.020936 0.026155 0.127053

DELT2 0.013202 0.015689 0.073118

DELT3 0.036697 0.047887 0.251177

LAT 0.024847 0.025364 0.08532

PMAJ 0.035286 0.038799 0.140311

BIC 0.01404 0.026351 0.411499

TRI 0.178924 0.22423 0.518048

SUPRA 0.012797 0.019227 0.072575

Table 5. The model simulates muscle activation

Muscles 30 N 50 N 70 N

DELT1 0.022032 0.022471 0.041865

DELT2 0.014843 0.020756 0.064073

DELT3 0.037371 0.038412 0.109357

LAT 0.025537 0.0256 0.103493

PMAJ 0.035946 0.042616 0.128705

BIC 0.014298 0.016798 0.056385

TRI 0.179731 0.18971 0.252407

SUPRA 0.013638 0.017959 0.040916

4 Discussion

The muscles data collected by 10 subjects during isometric pushing and pulling opera-
tions at different operating force levels were calculated and the muscle activation index
obtained by model simulation was calculated based on surface EMG surface muscle
electrolysis for Pearson correlation analysis (Table 6, Table 7).
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Table 6. The static pulling operation is based on surface EMGdata andmodel simulation Pearson
analysis results.

Muscles r p

DELT1 0.92 0.03

DELT2 0.94 0.01

DELT3 0.83 0.02

SUPRA 0.88 0.01

BIC 0.88 0.02

TRI 0.89 0.03

LAT 0.88 0.01

PMAJ 0.93 0.04

Table 7. The static pushing operation is based on surfaceEMGdata andmodel simulation Pearson
analysis results.

Muscles r p

DELT1 0.91 0.03

DELT2 0.88 0.04

DELT3 0.86 0.03

SUPRA 0.78 0.04

BIC 0.85 0.01

TRI 0.90 0.01

LAT 0.89 0.04

PMAJ 0.71 0.01

For static pulling operations, the activation degree of themainmuscle deltoid anterior
tract, middle deltoidmuscle and pectoralismajormuscle of the shoulder joint was greater
than 0.9 (p < 0.05), and the verification level of the activation of the other main force
muscles was higher than 0.8 (p < 0.05). Based on the above correlation analysis, the
correlation between the model-based solution results and the surface electrolytic results
of the main exertion muscles of the upper limbs was greater than 0.8 in the static pulling
operation (Fig. 7).

For static pushing operations, the correlation between the activation degree of the
infraspinatus muscle and the pectoralis major muscle was verified to be lower than 0.8 (p
< 0.05), while the correlation level was higher than 0.8 (p< 0.05) for the most powerful
muscles of the shoulder and elbow joints of the upper limbs, and the activation of the
anterior deltoid bundle and triceps longhead was higher than 0.9 (p < 0.05). Based on
the above correlation analysis, it is shown that the level of muscle activation of the main
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Fig. 7. Static pull operation LAT muscle electrolysis activation degree and model simulation
activation degree

force of the shoulder and elbow joints of the upper limb passed the correlation test during
the static push operation (Fig. 8).

Fig. 8. Static push operation DELT1 muscle electrolysis activation degree and model simulation
activation degree

5 Conclusions

Based on the above analysis, the simulatedmuscle activation results of typical upper limb
powermuscle model have a strong correlation with the results of muscle activation based
on surface EMG data, which verifies the effectiveness of constructing upper limb bone
muscle model. Based on the biomechanical modeling of typical dynamic operations, the
upper limb bone muscle model accurately solves the upper limb joint torque through
the dynamic motion biomechanical modeling, which provides an effective basis for the
study of upper limb muscles.
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Abstract. Human biomechanics has practical value in the fields of medicine,
sports and bionics. In order to explore the influencing factors of themaximum force
exertion ability of human joints, the elbow joint in the human upper limb joint was
selected as the research object, and a mathematical model of the maximum force
exertion ability of the human elbow joint was established. In this paper, elbow
angle, direction of movement, adjacent joint (shoulder) angle and type of move-
ment (isometric and isokinetic motion) were selected as independent variables,
and maximum torque and muscle activation were selected as dependent variables.
The elbow datawere collected from31men through elbow bend/extension isomet-
ric and isometric MVT tests. Then, the basic statistical indicators such as mean,
standard deviation, maximum andminimumvalues of the dependent variable were
calculated, and draw a bar chart for data visualization. Finally, the experiments
have found that under different conditions, the maximum force and muscle activa-
tion values of the elbow joint are significantly different. From the analysis of the
results, it can be seen that the angle of the adjacent joint and the type of movement
can significantly affect the ability of the elbow joint to exert force. The direction of
movement and the angle of the adjacent joint can significantly affect the activity
of the main force muscles of the upper limb.

Keywords: human biomechanics · Elbow joint · torque ·MVT test

1 Introduction

In recent years, the biomechanical model of the human upper limb has become a hot
topic. Whether it is in medicine, sports or bionics, it has practical value. In this paper,
elbow joint movement is used as the starting point to establish a model of the maximum
force capacity of human elbow joint.

In the study of upper limb joints, Ramsay et al. modeled the human elbow and wrist
joints through the commercial software SIMM, and used polynomial fitting to obtain the
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P.-L. P. Rau (Ed.): HCII 2023, LNCS 14024, pp. 445–456, 2023.
https://doi.org/10.1007/978-3-031-35946-0_36

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35946-0_36&domain=pdf
https://doi.org/10.1007/978-3-031-35946-0_36


446 H. Li et al.

polynomial regression equation of the corresponding muscle strength arm at the elbow
andwrist joints [1]. Alvarez et al. proposed a joint anglemeasurementmethod combining
an inertial sensor (accelerometer and gyro-scope) and a magnetic sensor. This method
calculates the angles of wrist flexion, wrist lateral shift, elbow flexion, flexion internal
rotation, shoulder flexion, shoulder abduction, and shoulder internal rotation respectively
[2]. Marion Hoff-mann et al. developed a surface mesh model of the shoulder muscles
that im-proves the accuracy of calculating shoulder muscle length and muscle strength
arm from a musculoskeletal model [3]. In order to measure the elbow angle, G. Ligorio
et al. proposed a four-step functional calibration method based on the two-degree-of-
freedom elbow joint model, which can realize real-time estimation of elbow angle with
the help of magnetic inertial sensor [4]. Kengo Onuma et al. proposed A method for
measuring muscle strength in restraining valgus joint angulation [5]. In order to study
the relationship between joint angle andmuscle activation, J.E.Kasprisin et al. conducted
concentric isokinetic, eccentric isokinetic and isometricmaximum voluntary contraction
experiments of elbow flex-ors [6]. Alexander Ellwein et al. using a three-dimensional
elbow simulator to compare the lateral collateral ligament reconstruction [7]. Caitlin
E. Hill et al. studied the effect of multidirectional elastic bands on forearm muscle
activity and wrist extension during submaximal gripping in patients with lateral elbow
tendinopathy [8].

These studies are able to predict the corresponding muscle activity for specific tasks,
however, to make these models more applicable, it is necessary to measure real subjects.
A better way to assess joint maximum strength is to focus on joint strength within spatial
boundaries, rather than individual muscles. Therefore, the result can also be directly used
in simplermodels such asRAMSIS for force and attitude prediction basedon joint torque.
In this paper, the effects of elbow angle, direction of movement, adjacent joint (shoulder)
angle and type of movement (isometric and isokinetic motion) on the maximum joint
torque and muscle activation of the elbow joint were analyzed.

2 Method

In order to perform the elbow joint force capacity test, the experimental equipment is
BTE Primus RS, Biovison surface electromyograph and Martin ruler. The number of
test volunteers in this experiment is 31 people, all male volunteers. The average height
of the volunteers is 175.9 cm (SD= 3.1), and the average weight is 74.2 kg (SD= 5.6).
The test indicators of the experiment are the maxi-mum torque of the elbow joint and
the degree of muscle activation.

2.1 Experimental Content

The experiment is divided into elbow joint isometric and isokinetic maximum force test.
The horizontal setting of the elbow joint experiment is shown in 0 (Table 1).

2.2 Isometric Strength Experimental Process

The isometric strength test is used to obtain maximum muscle strength (MVC). In this
experiment, BTE Primus RS simulation mechanical test evaluation training system is
used to perform isometric muscle strength test.
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Table 1. Elbow joint maximum torque experimental project parameter setting

Number Experimental projects Joint range of motion Forward flexion angle of the
shoulder joint

1 Elbow flexion/extension
isometric MVT test

45°/90° 0°

2 30°

3 60°

4 90°

5 Elbow flexion/extension
isokinetic MVT test

0°–135° 0°

6 30°

7 60°

8 90°

The measurement method is as follows:

(1) General requirements: Before the test, volunteers attach electromyography sheets,
and the adherent muscles are the middle deltoid, posterior deltoid, biceps, triceps,
pectoralis major, latissimus dorsi, and infraspinatus. During the measurement, the
foot needs to be fixed to the ground. In addition, the left foot needs to be forward
and the right foot backward to maintain the center of gravity. Warm-up must be
performed before all measurements begin.

(2) Force application method: Try to keep the position unchanged during the mea-
surement of the motion torque of the single joint. Quickly and smoothly apply the
maximum force within 2 s and maintain it for 6 s;

(3) Number of repetitions: Repeat measurement of each force 2 times;
(4) Measurement duration requirements: The single duration of shoulder and elbow

single joint exercise is 10 s;
(5) Interval and rest requirements: Rest for 30 s after each measurement, and rest time

not less than 3 min after 3 repeated measurements.

2.3 Isokinetic Strength Experimental Process

The isokinetic strength test is used to obtain maximum muscle force (torque). In this
experiment, the BTE Primus RS simulation mechanical test evaluation training system
is used to perform isokinetic muscle strength test.

The measurement method is as follows:

(1) General requirements: Volunteers wear sneakers and must warm up before all
measurements begin.

(2) Force application method: Quickly and smoothly apply the maximum force after
starting and continue to apply force until the equipment stops;

(3) Number of repetitions: Repeat measurement of each force 2 times.
(4) Interval and rest requirements: Rest for 3 min after each measurement, and rest time

not less than 3min after the end of 2 repeated measurements.
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2.4 Data Processing and Analysis

There are several data analysis methods:

(1) MVC: For isokinetic motion, the moving average method is used to filter the force
curve, and then the force curve data during the whole test process is taken; For
isometric motion, the maximum operating force within 2–5 s in the isometric 100%
MVC test is extracted, and the maximum force application capacity of isometric
motion at other angles is solved by taking the isometricmotion and isokineticmotion
force data as the mapping relationship.

(2) Basic statistical indicators: Calculate the average, standard deviation, maximum and
minimum values of the force application ability of each movement direction of the
joint, and compare the difference of the average value under different movement
angle ranges;

(3) Relationship between single joint angle and maximum joint torque: According to
the isokinetic motion, isometric motion angle and moment data curve obtained
in the experiment, the variation law of maximum joint torque with joint angle in
each direction of joint movement is analyzed and summarized by polynomial fitting
method.

(4) The relationship between themaximum jointmoment and the single joint angle:Ana-
lyze the influence of shoulder angle on elbow flexion/extension ability, and analyze
the influence of elbow angle on shoulder flexion/extension and adduction/abduction.
On this basis, the influence model of elbow angle on shoulder joint force ability and
the influence model of shoulder angle on elbow joint force application ability are
established by data fitting and other methods.

(5) Muscle activation index: The collected original EMG signal is filtered by bandpass
20–500 Hz, and the muscle activation index is extracted after removing the power
frequency and its odd harmonics. The activation of the main force muscles of the
upper limbs in different exercise states under different operating postures is analyzed.

3 Result

3.1 Elbow Maximum Torque Test Results

The statistical results of the maximum joint moment during the isometric movement
and isokinetic movement of the elbow joint are shown in 0. Under different exercise
conditions, the average range of maximum joint torque of elbow flexion and extension
of 31 volunteers is (26.9–42.9) Nm and (19.0–38.7) Nm, respectively. Under different
sports conditions, the average maximum joint moments of elbow flexion and extension
of 31 volunteers are (25.4–34.3) Nm and (26.4–33.4) Nm, respectively (Table 2).

3.2 Elbow Maximum Torque Data Analysis

The angle of the elbow joint significantly affects the ability to exert force on the elbow
joint in the direction of extension movement, but does not significantly affect the ability
to exert force on the elbow joint in the direction of flexion motion. The statistical results
and proportional relationship of themaximum joint torque of elbow isometric movement
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Table 2. Statistical results of average joint torque of shoulder joint (unit: Nm)

Action Movement
Direction

Elbow
angle

Forward
flexion
angle of
the
shoulder
joint

Mean Standard
deviation

Maximum Minimum

Elbow
isometric
exercises

Flexion 45° 0° 41.2 8.1 56.6 25.9

30° 39.3 8.8 58.4 23.7

60° 36.4 10.3 65.0 21.4

90° 28.8 7.7 45.9 17.0

90° 0° 42.9 8.4 62.2 24.6

30° 34.4 7.5 51.8 21.6

60° 30.9 10.5 59.5 17.6

90° 26.9 10.7 58.0 11.7

Extension 45° 0° 35.5 9.4 59.9 18.2

30° 35.8 9.4 55.4 16.3

60° 38.3 9.9 51.2 19.5

90° 38.7 11.3 69.0 19.0

90° 0° 35.4 8.0 47.0 21.4

30° 30.8 7.8 43.2 16.6

60° 26.6 6.7 38.8 16.8

90° 19.0 7.1 35.2 8.0

Elbow
isokinetic
movement

Flexion / 0° 34.3 9.3 60.1 18.5

30° 30.9 3.9 35.3 20.6

60° 26.4 2.5 29.4 18.5

90° 25.4 5.5 34.8 15.7

Extension 0° 33.4 7.8 51.0 18.1

30° 29.9 4.7 33.8 15.1

60° 28.5 5.4 34.2 17.7

90° 26.4 4.5 34.4 20.4

under different elbow angles are shown in 0. In the elbow extension isometric exercise,
the paired t-test results showed that there is a significant difference in the maximum joint
torque (p < 0.05) between 45° and 90° of the elbow joint, and the elbow joint 45° is
33% higher than that of 90°. In shoulder flexion isometric movements, the paired t-test
results showed that there is no significant difference in maximum joint moment between
45° and 90° elbow (p > 0.05) (Figs. 1 and 2).
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Fig. 1. Maximum joint torque of elbow isometric movement at different elbow angles (unit: Nm).
The direction of movement has no significant effect on the elbow joint exertion ability, and there
is no significant difference between the maximum torque of elbow flexion and stretching. The
maximum joint moment data of elbow isometric movement in different directions of movement
are shown in 0. The results of paired t-test showed that there is no significant difference in the
ability to apply force in the two directions of flexion and extending the elbow joint (p > 0.05).

The adjacent joint angle can significantly affect the elbow joint application ability,
and the maximum elbowmoment at different shoulder flexion angles is different. Taking
the isometric movement with an elbow angle of 90° as an example, see 0, with the
increase of shoulder flexion angle (within the range of 0°–90°), the maximum joint
torque of elbow flexion and stretching decreases. The maximum joint torque of elbow
flexion with shoulder angle of 90° is 37% lower than that of shoulder angle of 0°, and the
maximum joint torque of elbow extension exercise with shoulder angle of 90° is 46%
lower than that of shoulder angle of 0°, and the results of paired t-test show that there is
a significant difference in the maximum joint torque of elbow joint (p< 0.05) when the
shoulder angle is 0° and 90° (Fig. 3).

The type of exercise significantly affects the ability of elbow joint to exert force,
and the ability of elbow joint flexion exercise under isometric exercise is higher than
that of isokinetic exercise, and the force exertion ability of stretching exercise is lower
than that of isokinetic exercise. In isokinetic movement, the elbow joint needs 1 s–2 s to
reach the maximum force capacity at the beginning of the conversion of the direction of
movement, and at the same time, it will be affected by fatigue factors at the end of the
movement, therefore, the maximum joint moment of the middle position of the elbow
isokinetic movement (that is, the elbow angle 45°) is selected and compared with the
isometric movement, the results are shown in 0. The results of paired t-test showed that
there are significant differences between the maximum joint torque of isokinetic and
isometric motion in the direction of elbow flexion and extension (p < 0.05), and the
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Fig. 2. Maximum joint torque of elbow isometric movement in different directions of movement
(unit: Nm)

Fig. 3. The maximum joint moment of the elbow joint isometric movement under different
shoulder angles when the elbow joint is 90° (unit: Nm)

maximum joint torque of elbow flexion is 17% higher than that of isometric exercise,
and the maximum joint torque of elbow extension is 8% lower than that of isokinetic
motion (Fig. 4).
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Fig. 4. Maximum joint torque of elbow joint in different exercise types (unit: Nm)

3.3 Elbow Surface Electromyography Test Results

The statistics of the activation degree of themain forcemuscles of the upper limbs during
the isometric and isokinetic movement of the elbow joint are shown in 0 and 0 (Tables 3
and 4).

Table 3. Statistical results of muscle activity of the main strength of the upper limbs in elbow
isometric exercise

Movement
Direction

Shoulder
joint
angle

Middle
deltoid

Posterior
deltoid

Pectoralis
major

Infraspinatus Biceps Triceps Latissimus
dorsi

Flexion 0° 0.26 0.2 0.04 0.26 0.39 0.02 0.02

30° 0.57 0.18 0.03 0.24 0.39 0.02 0.09

60° 0.23 0.09 0.06 0.47 0.35 0.01 0.01

90° 0.08 0.37 0.04 0.55 0.23 0.01 0.01

Extension 0° 0.06 0.25 0.04 0.1 0.43 0.5 0.01

30° 0.25 0.47 0.03 0.77 0.55 0.55 0.1

60° 0.06 0.72 0.04 0.51 0.17 0.23 0.02

90° 0.34 0.49 0.06 0.55 0.27 0.06 0.04

Note: the angle of forward flexion of the elbow joint is 45°



Modeling of Human Elbow Joint Force Based on MVT Test 453

Table 4. Statistical results of muscle activity of the main force of the upper limb in elbow
isokinetic exercise

Movement
Direction

Shoulder
joint
angle

Middle
deltoid

Posterior
deltoid

Pectoralis
major

Infraspinatus Biceps Triceps Latissimus
dorsi

Flexion 0° 0.10 0.08 0.03 0.07 0.14 0.54 0.12

Extension 0° 0.10 0.30 0.02 0.13 0.11 0.60 0.12

3.4 Elbow Surface Electromyography Data Analysis

There are differences in the main force muscles of the upper limbs under different elbow
joint movement directions. The average muscle activity of the elbow joint in the two
directions of movement is shown in 0. By comparing the muscle activity of the same
muscle in different directions of movement, it can be seen that in the elbow joint flexion
exercise, the main force muscles are the middle deltoid, posterior deltoid, infraspinatus,
and biceps. In extension exercise, the main muscles are the middle deltoid, posterior
deltoid, infraspinatus, triceps and biceps (Figs. 5, 6 and 7).

Fig. 5. Muscle activity of the main force of the upper limbs during the isometric movement of
the elbow joint

Adjacent joint angle can significantly affect the activity of the main force muscles
of the upper limb, and there are differences in the activity of the main force muscles of
the upper limb at different elbow flexion angles, but it does not reflect a clear regularity.
The muscle activity of the main exerting muscles of lower upper limb movements at
different elbow angles is shown in 0, 0.
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Fig. 6. Elbow extension isometric movements at different shoulder angles mainly exert muscle
activity of muscles

Fig. 7. Elbow extension isometric movements at different shoulder angles mainly exert muscle
activity of muscles

4 Discussion

Themathematical model of themaximum force exertion ability of the human elbow joint
established in this paper is collected from real subjects and has great applicability. By
focusing on the forces of the joints in the spatial range, rather than individual muscles,
the result can also be directly used in simpler models such as RAMSIS.

In this paper, the torque of the elbow joint and the activation degree of the main force
muscles under different working conditions are measured. Through data analysis, it is
not difficult to find the following points: shoulder angle can significantly affect the joint
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force application ability in the direction of some elbow joint movement; The direction
of movement had no significant effect on the ability to exert force on the elbow joint.
The angle of the adjacent joint can significantly affect the ability of the elbow joint
to exert force, and the maximum joint moment of the elbow joint at different adjacent
joint angles is different. The type of exercise can significantly affect the elbow joint
force application ability, under isometric exercise, the elbow joint flexion exercise force
application ability is higher than that of isokinetic exercise, and the extension exercise
force application ability is lower than that of isokinetic exercise.

In this experiment, only 31 participants are collected, and the amount of data is
small, and there is a certain degree of contingency. In this experiment, only the flexion
and extension of the elbow joint are considered, and the next step is to consider the
torque and muscle degree of the elbow joint under more complex movements.

5 Conclusion

In this paper, by collecting real data of human body, a mathematical model of the max-
imum force exertion ability of human elbow joint is established, which has great appli-
cability. By collecting the torque and muscle activation of the elbow joint during flexion
and extension under different working conditions, the influencing factors of the maxi-
mum force exertion ability of the human body are analyzed. Next, the joint torque-joint
angle function can be obtained by data fitting. Combined with the mathematical model
of the maximum force capacity of the shoulder joint, the biomechanical model of the
human upper limb can be constructed.
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Abstract. Tooth segmentation and numbering are the most fundamen-
tal tasks in oral analysis as they are the prerequisite for many popular
oral businesses such as root canal therapy and whitening. Despite the
growing attention in this research field, the results are still far from
satisfactory. Existing methods either employ a complicated multi-stage
framework or couple tooth segmentation and numbering together simply
by using multi-class segmentation, which is neither convenient to use nor
accurate enough. To this end, we propose a single-stage multi-task frame-
work to perform tooth segmentation and numbering in an end-to-end and
decoupled fashion. Furthermore, We also involve the prior knowledge of
the oral structure in the network and leverage adversarial learning to
further improve the accuracy. Extensive experiments on two real-world
datasets demonstrate that our proposed method achieves state-of-the-art
performance.

Keywords: oral health · computer vision · tooth segmentation

1 Introduction

Oral health is vital in human life. To diagnose the oral health of the patients, clin-
icians need to take oral images from Cone-beam Computed Tomograhpy (CBCT)
and carefully inspect the images to recognize oral diseases, which is challenging
and time-consuming. To make this process more efficient and accurate, the oral
diagnostic automation system has been designed to handle several important
tasks, including tooth detection and numbering [45], tooth segmentation [16,21],
caries detection [18,23], osteoporosis diagnosis [5,24], and endodontic treatment
[35]. Amongst all these tasks, tooth segmentation and numbering are the most
fundamental as they are the starting point of oral analysis. Tooth segmentation
requires recognizing the teeth area from the oral image, and tooth numbering
needs to identify each teeth instance and assign unique ids to them, as Fig. 1 and
Fig. 2 show. Due to the importance of these two tasks, researchers have made
great efforts in this area.
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Fig. 1. Universal numbering system [2]. This is a dental practitioner’s view. Tooth
number 1 is in the rear upper tooth on the patient’s right. Each tooth has a unique
number.

Earlier works [6,16,21] in this field mainly focus on a single task instead of
both, which requires extra effort to design models for the other task. To fill this
gap, [3,34,40] couple them together as a multi-class segmentation task, where
the number of categories is 33 to represent 32 teeth and background. Despite the
satisfying inference speed, these methods suffer from low accuracy. [45] designs
a two-state framework to generate initial bounding boxes for teeth and then
cropped tooth images in the second stage to classify their ids. This method is
not practical as it is time-consuming and hard to employ due to the involution
of multiple stages. Furthermore, all the above methods ignore the essential prior
geometry knowledge of teeth, which leads to failures in corner cases in the dental
diagnosis process, such as missing teeth and artifact addition.

Fig. 2. Visualization of segmentation (with individual mask) and numbering (with
circle) result for PAPK dataset
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Fig. 3. Visualization of prediction result for DNS Panoramic Images dataset

To this end, we propose a Prior Knowledge guided Position-Aware network,
dubbed as PAPK-Net, to tackle the tooth segmentation and numbering tasks
in a single-stage end-to-end fashion. The overall architecture is shown in Fig. 4.
Unlike the previous works, PAPK-Net decouples the two tasks and learns them
jointly by generating segmentation masks and heatmaps in two separate heads.
Such design has several advantages: 1) It takes the oral images as input and
outputs the predictions that can be directly employed in the downstream appli-
cations, which is easy to use; 2) The segmentation and numbering are optimized
jointly as multi-tasks, which can help the backbone learn more robust feature
representations. We further involve prior knowledge in the network to better
handle challenging sets. The teeth are arranged symmetrically in the mouth and
have bell shapes. We consider this as valuable prior knowledge and carefully
design a generative adversarial network (GAN) to inject it into the framework.
Specifically, the predicted segmentation mask and heatmaps produced by the
generator will be paired with the oral images as the input of the discriminator,
which will judge whether the geometric shape naturally matches the oral images.
Finally, we introduce a tooth augmentation strategy, which simulates the corner
cases in oral diagnosis by adding artifacts to the normal tooth during training.

To evaluate our framework, besides the known public tooth dataset DNS
panoramic Images dataset [16], we further carefully collected a new dataset
with a much larger size, named PAPK dataset. Extensive experiments on these
datasets demonstrate that our method achieves state-of-the-art performance.

Our contributions can be summarized as follows:

– We propose PARK-Net, which solves tooth segmentation and numbering in
an end-to-end fashion through multi-task learning. Extensive experiments
demonstrate that our method achieves the best performance.

– We came up with an effective way to incorporate prior knowledge into PARK-
Net via adversarial learning.1 Ablation study suggests the potential of the
proposed model under insufficient data scenario.

– We present a deficient tooth augmentation strategy to adaptively learn the
corner cases.

– We collect a new large-scale tooth dataset named PARK dataset, which can
benefit the whole community.

1 “Adversarial learning” here refers to the process for the GAN model to discriminate
between correct and mismatched pairs.
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2 Related Works

We review three main areas of related work: object detection and segmentation,
tooth detection and segmentation, and knowledge incorporation in deep learning.

2.1 Object Detection and Segmentation

Region-based Convolutional Neural Network (R-CNN) series [10,11,39] are mile-
stones for deep learning-based object detection, while fully convolutional net-
works (FCN) [31] break new ground for semantic segmentation and has brought
great progress to many fields such as autonomous driving [50,53] and medi-
cal image analysis [7,40]. Mask R-CNN [13] further enhances R-CNN with its
outstanding performance on instance segmentation, where the instance segmen-
tation branch benefits from the high-quality proposals generated from the ROI
align [13] layer. Generally, object detection and segmentation algorithms in deep
learning can be broadly categorized into two categories from different aspects.
Depending on whether anchor exists in the network, We have anchor-based [37–
39] and anchor-free [22,36,44] models. Similarly, we distinguish one-stage models
[28] from two-stage models by checking if the regional proposal network included
[39].

Although the anchor mechanism with the region proposal network together
can significantly boost object detection and segmentation performance, the infer-
ence speed is far from satisfactory, which is caused by the exhaustive computa-
tion resources consumed by anchors and region proposals. As a result, one-stage
anchor-free object detection models [44,46,49] are proposed to improve the speed
while keeping similar or even better performance on the general object detection
benchmark. It has become a more popular approach and has been applied in
different domains such as automated perception system [8,52].

2.2 Tooth Numbering and Segmentation

Tuzoff et al. [45] proposed a CNN-based architecture for both tooth detection
and numbering tasks. The tooth detection module processed the radiograph to
generate the boundaries of each tooth. The tooth numbering module classifies
detected teeth according to the FDI notation [1]. The author further utilized
the heuristic algorithm to improve the performance based on the rules of teeth
spatial arrangement. [45] can not perform end-to-end training, and inappropriate
heuristics may drive the results to undesirable traits.

Cui et al. [7] introduced a two-stage method to segment and recognize each
tooth in CBCT images. In the first stage, edge maps will be extracted from
CBCT images. In the second stage, edge maps are concatenated with original
images as the input of the 3D regional proposal network to generate region
proposals, where a spatial relation module is introduced to inject spatial distri-
bution. [34] instead employed a multi-class Mask-RCNN model with the post-
processed inference result to complete the numbering task in one shot.
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Kim et al. [19] proposed a technique that combined a R-CNN model with
heuristic methods to detect and number the teeth in a dental panoramic radio-
graph image. Tooth regions are first detected by a pre-trained Faster R-CNN
model. Then each tooth region is cropped and combined with positional value
as a whole input, feeding into another CNN classification model to determine
tooth numbering. [45] proposed a Faster R-CNN model to detect tooth bounding
boxes first and then cropped them out to classify their number, which shared a
similar design.

Chung et al. [6] proposed a method to recognize teeth in panoramic X-ray
images with a center point based object detection model to identify each tooth,
followed by bounding box regression applied to a patch cropped from the tooth
center. A distance regularization penalty is employed on the 32 points to smooth
the variation of distances between teeth to remove the outliers. However, the
model designed in this paper cannot generate tooth segmentation results, and the
tooth center point regression branch is not powerful enough to tackle complicated
cases.

Fig. 4. The overview of our GAN architecture. It consists of the Generators (in
Sect. 3.2) and Discriminators (in Sect. 3.3). The oral images and heatmaps are con-
catenated and passed to a discriminator to determine if the given heatmaps belong to
the corresponding images. The segmentation mask follows the same configuration.

2.3 Knowledge Incorporation in Deep Learning

Prior knowledge targets to constrain the output of deep learning models and
reduce the number of unreasonable outliers, which can remarkably improve the
deep learning models, especially when the amount of available data is small. Xiao
et al. [48] proposed a method that incorporated class similarity knowledge into
CNN models using a graph convolution layer to improve classification accuracy.
Jiang et al. [17] exploited an explicit knowledge module to incorporate external
knowledge and an implicit knowledge module to learn knowledge without explicit
definitions or being summarized by the human in an object detection model. Xu
et al. [51] utilized color information from the reference image as prior knowledge
to help restore and colorize old photos.
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Here we explore Generative adversarial networks(GANs) [12] to model object
relations. GANs have an outstanding ability to mimic data distributions from
real data. Generally, GAN is composed of a generator and a discriminator. The
training procedure of GAN is a minimal-maximum game. The discriminator
tries to distinguish generated samples from mixed samples to minimize classifi-
cation loss, while the generator tries to generate high-quality samples to cheat
the discriminator to maximize classification loss. Luc et al. [32] trained a convo-
lutional semantic segmentation network along with an adversarial network that
discriminates segmentation maps coming either from the ground truth or from
the segmentation network. Ghafoorian et al. [9] proposed EL-GAN in lane detec-
tion to make the semantic segmentation network output to be more realistic and
better structure-preserving.

In our scenario, an oral region is approximately a rigid object, where the
number of the tooth is 32 at most in general. And no matter how oral pose
rotates, the basic shape and spatial relation between teeth are maintained, which
is valuable prior knowledge we should make good use of.

3 Methods

3.1 Overview of Methodology

As Fig. 4 depicts, PAPK-net first applies a generator to produce segmentation
masks and numbering results. To help our neural network easier to converge,
we simplify the numbering by estimating the teeth centers instead of directly
making dense pixel predictions, which can be regarded as a classical keypoints
regression problem similar to face landmark regression [43] and human pose
estimation [47]. Note that the segmentation and keypoints regression share the
same backbone while having separate prediction heads. The discriminator aims
to classify the image-mask-regression pairs to capture the prior knowledge of the
oral structure.

3.2 Generator

The generator is a multi-task model to predict mask and heatmap with the
oral image, as shown in Fig. 4. Context feature is very important to determine
precise tooth location. Thus, we convert convolution layers (C3-C5 in Fig. 4) into
dilation convolution. By doing so, we enlarge the receptive field of the feature
maps. We additionally change the stride of the pooling layer before C3 from 2
to 1 to double the scale of output feature maps.

Position-Aware Feature Extraction. Positional-sensitive is of great impor-
tance in coordination-related computer vision tasks, where it helps neural net-
works learn spatial relations and constraints. For our tasks, with the support of
that positional information, valuable insights can be obtained to determine the
correct tooth number between neighbor teeth, as well as the shape of each tooth.
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However, we notice that the conventional convolution neural networks are not
position-sensitive since the same filters are applied to the whole feature map.

To introduce positional information, We follow a similar design in CoordConv
[29], where feature maps are concatenated with normalized pixel coordinates
within the range of [−1, 1] and then passed to the following layers. By attaching
coordinates to the feature map, the tooth spatial distribution can be utilized to
help distinguish neighbor teeth and assign them the correct numbers.

Prediction Heads and Multi-scale Feature Fusion. We utilize Feature
Pyramid Network (FPN) [27] to obtain four feature maps in different scales,
where three heads following each of them in parallel. Those heads are center
regression, segmentation (adapted from [30]), and mask IoU prediction. In detail,
the tooth center regression head will predict the location of the corresponding
tooth center by regressing tooth heatmaps. The coordinates of the highest inten-
sity in the heatmap represent tooth spatial locations, and the index of the corre-
sponding heatmap represents tooth identity. In the meantime, the segmentation
branch generates segmentation maps to present each tooth mask.

To evaluate the quality of the generated mask, we introduce a mask score
prediction branch inspired by Mask Scoring R-CNN [15]; this branch will predict
the intersection over union(IoU) between generated segmentation masks and
ground truth masks. As human teeth may not all be visible in digital photos,
we add another branch to predict the visibility of certain teeth at the top of the
FPN.

For multi-scale feature fusion (MSFE), we upsample feature maps generated
from all of the segmentation/keypoint heads to the same scale and merge them
to refine prediction. MSFE learns the coefficients to fuse different features via
soft attention, following the similar design in keypoint-FPN [25].

Loss Functions for Generator. The loss for the generator (also referred to
“base network”) is defined as follows:

Lcenter =
N∑

i=1

K∑

j=1

(zij − ẑij)2 (1)

Linseg = 1 − 1
K

K∑
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2
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Lb = Lcenter + Linseg + Lvis + μLIoU + λLreg (5)
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where Lcenter is Mean Square Error(MSE) loss for heatmap regression in tooth
numbering task. Linseg is dice loss for tooth segmentation. Lvis is Binary Cross
Entropy(BCE) loss for tooth visibility prediction. LIoU is Mean Square Error
between the predicted IoU and ground truth IoU. Lreg is a weight decay term.
μ is a coefficient for LIoU term, λ is a coefficient for weight decay loss term,
we set μ = 0.01 and λ = 0.0005 in our experiment. K is the category number,
N is the total image number. i,j refers to ith image jth category ground truth.
zij , ẑij , sij , ŝij , cij and ĉij refers to predict and ground-truth for tooth center,
segmentation, and visibility results.

We use dice loss instead of cross-entropy loss because of a heavy class imbal-
ance in the pixel classification task, where dice loss has shown its insensitivity
to the class imbalance issue. Additionally, it is also important to point out that
we compute loss for visible teeth only.

3.3 Implicit Knowledge Incorporation

As can be observed from Table 2, the generator itself as a single model can
already achieve good performance. However, it is still possible to make improve-
ments. For example, the predicted tooth centers suffer from displacements and
overlaps, indicating the need to impose more powerful spatial constraints on
predictions. The spatial constraints follow the physical shape of the oral, where
each tooth follows the neighbor horizontally in bell-shaped curves, which is a
common spatial relationship across all human beings.

PAPK-net considers this as valuable prior knowledge and models it by form-
ing four input pairs to learn the prior knowledge via GAN. Here discriminators
identify whether a given input pair is fake or not. If the given person’s image
matches its ground truth, then it is a true sample, else not. During the whole
process, the discriminator tells the generator what a true sample is. In turn, the
generator learns the feature and generates higher quality fake “ground truth”
to fool the discriminator. By playing the min-max game, GAN final converges
and high-quality masks/heatmaps can be generated accordingly. Please refer to
Fig. 4 for a complete picture.

The quality of the predicted pair from GAN can be evaluated from two
aspects: 1. to what extent does the generator’s output look like GT heatmap,
where it tells the similarity between the generated sample and the reality 2.
To what extent does the generator’s output mismatch with the random target,
where we can tell how dissimilar the generated results and the random samples
are. Those two aspects work together to ensure the high quality of the generated
samples.

Further, there are two advantages we use GAN. i). We avoid explicitly fab-
ricating some sophisticated loss functions to refine the output for certain cases.
ii). Adversarial loss is appropriate to learn data under a variety of conditions.
Thus we no longer need to develop loss functions separately.
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3.4 GAN Loss

We adopt a vanilla GAN loss in the conditional setting in this phase, which is
defined as:

LD
adv =Lbce(D(x1, GT1), 1)

+ Lbce(D(x1, G(x1)), 0)
+ Lbce(D(x2, GT1), 1)
+ Lbce(D(x2, G(x1)), 0)

(6)

LG
adv = Lbce(D(x1, G(x1)), 1) (7)

where Lbce denotes BCE loss, G and D denote generator and the discriminator
respectively, x1 denotes conditional input oral image, while GT1 denotes corre-
sponding ground truth heatmaps(segmentation masks).

Total loss functions for generator G are defined as:

LG = μLG
adv + Lb (8)

μ is set to 0.005 in our experiments.

3.5 Deficient Tooth Augmentation

By manually inspecting our datasets, we find some cases where the deficient
tooth (missing tooth and artifact additions) is present. Although those cases are
quite limited in a normal tooth dataset, they are abundant in datasets related to
oral disease. Previous literature rules those scenarios out for simplicity purposes,
unavoidably resulting in an incomplete solution.

Here we adopt a deficient tooth augmentation(DTA) strategy, which is
inspired and adapted from [26]. The purpose of the DTA is to train the model
to recognize extreme cases in tooth segmentation and numbering task. In detail,
we simulate two cases, 1). few teeth missing and 2). implanting of artifact addi-
tion, including braces and dental fillings. Two kinds of data augmentation are
available to manually simulate the scenarios mentioned above. 1). A tooth is ran-
domly selected from each given image, and all ground truth associated with it is
removed to simulate a tooth-missing scenario. 2). A tooth is randomly selected
from each given image and filled with a rectangular patch at its center with an
intensity of 255 to simulate cases of dental filling and other artifact addition.
Both augmentations are called with a probability of 0.2 in our implementation.
Here we provide visualization results to validate the effectiveness of DTA in
Fig. 5.

Implementation Details for DTA. To implement case 1, we remove the
associated mask and keypoint from the selected tooth. We additionally set the
tooth area in the original image as zero intensity to mask out the selected tooth
to simulate the tooth missing scenario. To implement case 2, we consider two
specific artificial additions, which are braces and dental fillings. We design them
as squares and rectangles respectively, where the center of both is the keypoint



466 C. Li et al.

Fig. 5. Visualization of DTA result for PAPK Images dataset. By introducing DTA,
PAPK-net is able to identify missing tooth and artifact additions (namely braces) and
correctly assign the corresponding number to each tooth. Best viewed by zooming in.

coordinate of the tooth. For braces, we fill the square with a filling threshold
mentioned before. The side of the square is decided by the minimum height
and width of the tooth, multiply by the factor of 0.6. For the dental filling,
we compute the filled tooth area as 0.8 of the tooth’s height multiplied by the
tooth’s width and then fill the area by the filing threshold.

4 Experiments and Result

4.1 Network Training and Inference

All the models are implemented with Tensorflow and trained on an Nvidia
GeForce 2080Ti GPU.

Details About Training PAPK. To achieve a satisfying performance, we
separate two stages to train PAPK-net. In stage one, we train the generator by
an Adam optimizer [20] with a learning rate of 0.0004. In stage two, we train
the discriminator for 20 epochs at the beginning of the training process. At the
same time, we freeze the parameters of the generator with the consideration that
a weak discriminator may disturb the process to train the generator. After that,
we unfreeze the generator and train the generator and discriminator altogether.
During stage two, we use the Adam optimizer to tune our models, where the
learning rate is fixed to 0.00001 for both the generator and discriminator.

Data Augmentation. Images are augmented during the training stage with
horizontal flip, color adjustment, geometry transformation, and random crop,
then resized to a predefined resolution. We additionally introduced DTA for
more generalized scenarios.

Network Inference. We apply a gaussian smooth operation to each output
heatmap during the inference before calculating the maximum value index. For
the segmentation result, we use a threshold of 0.5 to obtain the binary seg-
mentation mask. We additionally report inference speed for PAPK-Net; it takes
19 ms/23 ms to process an image of 256 × 256 size with VGG-16 [41]/Resnet-50
[14] backbone.
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4.2 Datasets

We conduct experiments on two datasets, which are the PAPK dataset and the
DNS Panoramic Images dataset [40].

PAPK Dataset. To assess the performance of PAPK-Net on digital photog-
raphy, we collect 11200 images in total with manually labeled masks as well
as tooth centers and name it ”PAPK” dataset, where each image contains an
open mouth with several teeth exposed, ranging from 6 to 31 with 16.76 teeth
per image on average. The width and height range from 500 to 6528 pixels and
500 to 8184 pixels, respectively. We randomly split dataset into three parts, with
9002 training images, 1119 validation images, and 1079 testing images. Teeth are
numbered following predefined order as in Fig. 12. Please refer to supplementary
material for a detailed discussion of PAPK dataset.

Since the oral dataset is hard to collect and the images taken by distinct
machines have specific domain gaps, a model must be able to learn with limited
data. To demonstrate the capability of the PAPK-net learning robust features
even with insufficient data, we randomly sampled 750 images from the PAPK
training set (around 8% of data) to form a tiny training set while keeping the
same evaluation set. We name this dataset PAPK-tiny. An ablation study will
be performed on PAPK-tiny to show the robust performance of PAPK-net in
insufficient data scenarios.

DNS Panoramic Images dataset. This dataset modifies the UFBA-UESC
Dental Images Deep data set [16] which contains 1500 panoramic dental X-ray
images by adding more instance annotations and including numbering informa-
tion. Finally, the dataset contains 543 panoramic images. We split the whole
dataset into the training/validation/test set according to the ratio of 8:1:1. It
requires special attention that the small instances account for only 0.5% of all
annotations, which results in insufficient entries for small objects and very low
APsmall in the quantitative results.

4.3 Evaluation Metric

Three evaluation metrics will be used in our experiments: 1. Average normed dis-
tance (AND) between predicted tooth centers and ground truth centers, 2.Accu-
racy for tooth numbering (Accid), 3. Mask average precision (Mask AP) for tooth
segmentation. To make it clear, we demonstrate how to calculate these metrics
below with equations:

AND =

∑N
j=1

∑K
i=1 Dis(predi,GTi)

K

N
(9)

Accid =

∑N
j=1

∑K
i=1 f(Dis(predi,GTi))

K

N
(10)

2 https://en.wikipedia.org/wiki/Universal Numbering System#/media/File:
Universal Numbering System.svg.

https://en.wikipedia.org/wiki/Universal_Numbering_System#/media/File:Universal_Numbering_System.svg
https://en.wikipedia.org/wiki/Universal_Numbering_System#/media/File:Universal_Numbering_System.svg
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Table 1. The quantitative result on DNS Panoramic Images dataset. In the experiment,
we select Mask Average precision (AP) and average normed distance (AND), and
accuracy (Accid) as the primary metrics to measure the overall performance. Low
APsmall is due to insufficient small instances present in the dataset. Texts in red show
the estimated metrics.

Method Backbone resolution AP AP50 AP75 APsmall APmid APlarge AND Accid

MRCNN-FCN [33] ResNet-50 256× 256 32.2 76.1 12.9 0.0 28.9 41.2 0.030 73.1

MRCNN-FCN [33] ResNet-50 800× 600 50.3 81.9 60.7 0.0 49.2 52.8 0.016 91.5

MRCNN-PRend [33] ResNet-50 256× 256 31.0 76.4 11.4 0.0 28.6 39.6 0.025 80.9

MRCNN-PRend [33] ResNet-50 800× 600 49.1 78.0 59.8 0.0 47.2 52.3 0.016 91.4

Prados et al. [34] ResNet-101 256× 256 34.1 82.7 13.6 0.0 30.7 42.8 0.027 77.0

PAPK-Net VGG-16 256× 256 36.5 86.5 18.4 0.0 27.3 44.8 0.017 89.6

PAPK-Net ResNet-50 256× 256 44.7 94.0 31.3 0.0 37.0 53.8 0.011 98.1

PAPK-Net ResNet-50 800× 600 51.2 94.7 51.6 0.0 44.7 56.5 0.010 98.5

Table 2. The quantitative result on PAPK dataset. In the experiment, we select Mask
Average precision (AP) and average normed distance (AND), and accuracy (Accid)
as the primary metrics to measure the overall performance. Texts in red show the
estimated metric. (Refers to Column AND and ACC from row #1 to #7). Best viewed
in color.

Method Backbone resolution AP AP50 AP75 APsmall APmid APlarge AND Accid

MRCNN-FCN [33] ResNet 50 256× 256 23.3 34.5 31.2 3.6 23.3 29.2 0.037 67.5

MRCNN-FCN [33] ResNet 50 800× 600 38.8 49.0 44.6 28.3 38.3 44.8 0.025 79.8

MRCNN-PRend [33] ResNet-50 256× 256 24.0 35.5 28.1 4.6 23.9 30.0 0.036 68.0

MRCNN-PRend [33] ResNet-50 800× 600 32.6 41.8 37.8 23.4 32.1 37.8 0.027 77.4

Prados et al. [34] ResNet-101 256× 256 30.5 43.7 36.4 5.0 29.4 39.1 0.028 75.2

Yolact [4] ResNet-50 256× 256 19.2 33.9 20.6 4.1 18.0 25.4 0.044 63.1

Yolact [4] ResNet-50 800× 600 26.2 36.3 30.8 18.2 25.6 31.6 0.030 73.7

PAPK-Net VGG-16 256× 256 42.4 80.3 41.4 14.2 39.9 52.0 0.025 77.2

PAPK-Net ResNet-50 256× 256 51.6 86.5 52.9 19.5 49.3 59.2 0.017 89.5

f(x) =
{

1 x < thr
0 x >= thr

(11)

Dis is the Euclidean distance function, predi and GTi are the predicted
tooth center and ground truth tooth center, respectively. K is the number of
visible teeth, N is the total number of images, f is a threshold function to
decide if the predicted tooth center is right, and thr is the average ratio between
tooth width and image width in both datasets. For Mask AP and Accid, a
higher value indicates better performance; for AND, a lower value indicates
better performance.

4.4 Quantitative Result

We report quantitative results in Table 1 and Table 2 on DNS Panoramic Images
dataset and PAPK dataset. Here we select mean average precision (MAP), AND,
and Accid as the primary metrics for a balanced comparison. Previous literature
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Table 3. Ablation study on PAPK dataset.

methodmetrics AND Accid MaskAP

Only backbone 0.398 37.2 16.6

+FPN 0.389 37.5 21.0

+Tooth numbering 0.025 77.1 44.5

+MSFF 0.021 83.8 44.8

+PSFE 0.019 88.7 46.7

+MaskIoU 0.018 88.7 50.4

+DTA 0.018 88.9 50.8

PAPK-Net (with GAN) 0.017 89.5 51.6

such as [3] [34] implement tooth numbering by multi-class detection or segmenta-
tion, which is different from ours. To properly compare, We make estimations for
AND and Accid metrics (with corresponding scores labeled in red text)
by calculating the center of the predicted bounding box or segmentation mask.
Please note that this is an approximation for benchmarking purposes only. We
additionally provide visualization results on both datasets (see Fig. 2 and Fig. 6)
for reference purposes.

Typical multi-class instance segmentation models [33] as well as decoupled
multi-stage models [34] are selected to compare. From Table 2, PAPK-Net with
Resnet-50 backbone ranks first amongst all segmentation benchmarks (typical
double-stage method MRCNN-FCN and single-stage method Yolact) with the
mask average precision of 51.6, which beats all other models by a large margin.
In the meantime, PAPK-Net also ranks first in tooth numbering tasks, with the
best score of 89.5 in terms of Accid. In Table 1, we observe a similar trend.

Yet PAPK-net is not perfect. We observe the higher score for metric AP75

and APmid reported from MRCNN-FCN and MRCNN-PRend in DNS panoramic
dataset as compared with the proposed. The reason is due to 1) The modality of
the data differs, thus the data distribution varies; 2) We specially tune anchors
for MRCNN-based methods to make sure that anchors fit the dataset. However,
as the PAPK-net is anchor-free, it cannot benefit from the anchor design. As
the purpose of the PAPK-net is to resolve tooth segmentation and numbering
tasks end-to-end instead of pushing every metric to state-of-art, we would like
to leave this challenge to future research.

In addition, we train HRNet [42] and other challenging benchmarks on the
DNS Panoramic Images dataset to compare the performance of the tooth num-
bering task, where PAPK-Net achieves the best performance compared with
other baselines. The details are reported in the supplementary material for ref-
erence purposes.
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4.5 Ablation Study

Here we conduct a comprehensive study on the PAPK dataset to show how
each component of PAPK-Net contributes to the overall superior performance.
We add each of these modules once at a time, then train the modified network
again. Evaluation metrics will be computed on the test data set for reference
purposes.

FPN (Baseline). In this experiment, we directly train two 32-class segmen-
tation models to classify each pixel into 32 classes; one of them uses P5 in the
backbone of Fig. 4 and another model uses four pyramids to segment objects.
From Table 3 we can see that the single-scale model could only get 16.59 AP on
the PAPK dataset, while based on our multi-level prediction, we further achieve
21.0 AP.

Tooth Numbering Branch. In this experiment, a tooth center regression
branch is added to the FPN-based model. As expected, we observe a large per-
formance gain on both segmentation and numbering tasks. The tooth center
regression task decouples the numbering from 32-class instance segmentation,
reducing the task’s difficulties.

Multi-scale Feature Fusion. To validate the performance of MSFF module,
we add it on FPN to get fused results to benchmark the performance. As Table 3
shows, model without MSFF gets 0.025 AND and 77.1% Accid on the dataset. On
the other hand, with the help of MSFF, PAPK-net gets 0.021 AND and 83.8%
Accid, which is nearly 7 points boost in Accid and 0.004 AND drop. Thanks
to the soft attention, MSFF is able to fuse the results from different scales by
importance and thus leads to a satisfying performance gain.

Position-Sensitive Feature Extraction. In this experiment, we add position-
sensitive feature extraction(PSFE) module to the baseline. As Table 3 shows,
without PSFE PAPK-net gets 0.021 AND and 83.8% Accid. Instead, when the
PSFE module is introduced, we get 0.019 AND and 88.7% Accid, which suggests
the effectiveness of PSFE on both the tooth segmentation and numbering task.

Mask IoU Prediction Branch. In this experiment, we evaluate the mask IoU
branch. As Table 3 shows, Mask AP increases by 3.7% when the MaskIoU branch
is added, yet the tooth numbering task benefits little from the Mask IoU branch.

Deficient Tooth Augmentation. In this experiment, we introduce deficient
tooth augmentation to help resolve extreme cases in the dental diagnostic pro-
cess. We observed a marginal improvement (0.4) in terms of AP. Please check
Fig. 5 for the visualization result of DTA module.

Prior Knowledge Guided Refinement. In this experiment, the discriminator
is introduced in addition to the generator for adversarial learning purposes.
Table 3 shows the effectiveness of the prior knowledge where PAPK-net achieves
performance gain in all three metrics.

PAPK in Insufficient Data Scenario. One interesting question is, whether
PAPK-net can remain top performance with only a tiny proportion of training
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Table 4. PAPK in insufficient data scenario. Experiments are conducted on PAPK-
tiny (8% of training set but the same validation set as PAPK). Texts in red show the
estimated metric.

metrics AND Accid MaskAP

MRCNN-FCN [33] 0.047 60.1 15.5

PAPK-Net 0.034 73.1 21.5

PAPK-Net (with GAN) 0.032 75.8 23.9

data, which is useful for the case where it is not possible to gather a large dataset
as PAPK.

Table 4 answers this question. From the table, PAPK-net is able to outper-
form MRCNN by a large margin. In the meantime, adding GAN to PAPK can
gain additional two percents boost of AP. The performance gain mainly comes
from prior knowledge, which is implemented in an adversarial way and moti-
vates the generator to learn better about the geometry of the tooth as well as
the oral structure in return. By working together, generators and discriminators
can reach higher accuracy.

5 Limitations

While the proposed PAPK-Net achieves state-of-art performance on two bench-
mark datasets, there still remains a plethora of avenues for future work.

In the post-analysis of DNS dataset, we observe some failure cases and visu-
alize them below. From the observation, the PAPK-Net is not able to recognize
and segment the corner tooth occasionally (check the figure to the right in the
first row and the figure to the left in the second row). The model may be confused
between adjacent teeth, resulting in incorrect pixel assignments. So the perfor-
mance gap remains and it is still possible to further improve the performance of
PAPK-Net.

Fig. 6. Visualization for some failure cases on DNS dataset
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Another limitation comes from the dataset itself. The extreme cases are lim-
ited in both benchmark datasets and we have no oral diseases related images.
So PAPK-Net is not able to maintain the same level of precision for those data.
However, as we introduce DTA, the performance for extreme cases could be
better.

Based on those limitations, we provide some future research directions. 1).
Research and develop a more robust and precise model for tooth segmentation
and numbering task. 2). Extend the research scope and include more clinical
cases for more generalized and powerful oral analysis-related algorithm design.

6 Conclusion

We propose an end-to-end deep learning model called PAPK-Net to accom-
plish tooth segmentation and numbering tasks on real-world datasets. PAPK-Net
incorporates prior knowledge into the learning process to generate more realis-
tic tooth segmentation and numbering results while alleviating the demand for
training data. Position-aware convolution is introduced to attach spatial infor-
mation to learnable features to better distinguish different teeth. These two
techniques are integrated into PAPK-Net to form a concise model. Extensive
ablation studies are conducted to analyze the contribution of each component
in PAPK-Net. As we are able to decouple tooth numbering from segmentation,
PAPK-Net provides a promising direction for future research in oral-based appli-
cations.
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Abstract. Health communication is an important means to build a healthy China,
realize the “Healthy Fujian 2030 Action plan”, “Healthy Quanzhou 2030 action
plan”, and improve the national health literacy. As an important medium of health
communication in the new media era, short video plays an important role in mass
communication. Based on the current situation of short video health communi-
cation in medical and health institutions, combined with the media interaction
behavior between short videos produced by medical and health institutions and
audiences, this study analyzes the existing problems of short video health commu-
nication in medical and health institutions at the level of information acquisition
and reception, and explores the causes of existing problems in short video health
communication inmedical and health institutions. To find solutions to the dilemma
under the mode of knowledge, belief and action, and explore ways to improve the
effectiveness of health communication in medical and health institutions.

Keywords: Health ccommunication · Short video ·Medical institutions ·
Communication path

1 Introduction

China proposed the “Health China Action” in the report of the 19th National Congress,
and in order to implement this strategic deployment, the Fujian Provincial Government
proposed the “Health Fujian 2030 Action Plan” and the Quanzhou Municipal Govern-
ment proposed the “Health Quanzhou 2030 Action Plan”. In the context of this series
of policies, the public’s concern for health has gradually increased, and new require-
ments for health communication have been put forward. The “Healthy China Action”
stresses the need to accelerate the transformation from a focus on “treatment of dis-
eases” to a focus on “people’s health”, and improve people’s health literacy [1]. The
improvement of public health literacy is inseparable from the effective popularization of
health knowledge. Medical and health institutions are important carriers to disseminate
health knowledge. With the change of the audience’s habit of receiving information,
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short video health communication has grown into a blowout type, and it has become an
inevitable trend to shift from the traditional single form to multi-mode content produc-
tion and communication [2]. By June 2022, China’s online medical users had reached
300 million, an increase of 1.96 million from December 2021, accounting for 28.5% of
the total netizens. The number of short video users in China reached 995 million, an
increase of 20.7 million compared with December 2021, which accounted for 94.6% of
the total netizens [3]. Short video industry has shown a blowout trend of development,
short video has become one of the most important ways to spread and popularize health
knowledge.Medical and health institutions try to produce original short video works and
build their own short video platforms, but it is more common to enter popular Internet
short video platforms such as TikTok [4, 5].

In the era of intelligent media, short video, as a new form of communication, has its
own communication characteristics and rules. For medical and health institutions, how
to give full play to the value of short video, make accurate and popular visual narration
of authoritative health knowledge and realize effective communication, so as to improve
public health literacy and contribute to “Healthy Fujian 2030 Action plan” and “Healthy
Quanzhou 2030 Action plan” is an issue worthy of attention and thinking. Therefore,
it is necessary to further explore the problems, causes and solutions in the process of
health communication of short video in medical and health institutions.

2 Difficulties Faced by Short Video Health Communication
in Medical and Health Institutions

Strengthening the health communication efficiency of medical and health institutions
is an important way to promote the “Healthy Fujian 2030 Action Plan” and “Healthy
Quanzhou 2030 Action Plan”, and also an important measure to improve the health
communication structure of medical and health institutions. Therefore, it is necessary to
understand the development status and existing problems from practice.

2.1 The Content of Communication is Not New and Lacks Pertinence
and Innovation

Since the advent of social media in the late 1990s, it has permeated every aspect of
our personal and professional lives. The popularity and use of social media has trans-
formed public health services. More andmore healthcare organizations have realized the
importance of active participation in social media. Social media has become immersed
in every aspect of our lives. The healthcare and health institutions sector is no exception,
and public health departments are now using social media to provide healthcare services
and health literacy. Provincial health commissions in China have begun to use short
video sharing platforms, such as TikTok and WeChat public accounts, to interact with
local residents and exchange health-related information [6, 7]. According to the current
situation of short video communication, it is not difficult to find that the more targeted
and innovative the information content, the more it can meet the needs of certain groups
of people or individuals for information, and the easier it is to be obtained and accepted,
the better the effect of information communication. Short video platforms will allocate
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a basic traffic pool to each user from the algorithmic mechanism of content distribution.
In order for medical and health institutions to push their released videos, original videos
are the first prerequisite. If the contents are identified by the AI as similar, they will be
not be recommended. Video content in addition to the original also need to have a certain
creativity, if the user stay for a long time and good feedback, like, comment, forward
and other operations, the video will be recommended twice, and even pushed to a higher
traffic pool, into the browsing list of more users. On the contrary, if the user stays for
a short time, gives poor feedback or is reported in the early stage of the video push,
the video will be less recommended or even stop recommended [6]. According to the
progress report of China’s disease prevention and control work of National Health and
Family Planning Commission, in recent years, the number of deaths caused by chronic
diseases such as cerebrovascular disease and malignant tumors has accounted for 86.6%
of the total deaths. As chronic diseases are closely related to life style, the media is
filled with a lot of information about healthy life style. However, in the process of actual
transmission in medical and health institutions, the audience does not accept or even
avoid [8]. In real life, the elders often send health information to the younger generation,
remind and urge them to change unhealthy living habits, but the younger generation
turns a blind eye and even has to shield the same health content everywhere. When the
audience not only does not take action after receiving the message, but also avoids the
message from the beginning. When the content disseminated by the medical and health
institutions lacks pertinence and effectiveness, the information transmitted by the health
information with high repetition rate and sameness is easy to droplets [9].

Health information droplets can be understood as, for public space information dis-
semination, more and more like injecting a drop of water in the sea, which people may
turn a blind eye to.Without the ability to accurately target people, the health information,
knowledge and advocacy spread by these organizations can easily bubble into the air and
dissipate instantly [10]. For example, compared with 10 years ago, the public’s aware-
ness of “the harm of second-hand smoke” has been significantly improved, but smokers’
quitting behavior is not obvious. In 2016, there were still 316 million smokers in China;
Most people know that reasonable diet and exercise are good for health, but the problem
of obesity in our country remains high, with one third of the population overweight.
Thus, if there is no targeted and innovative communication, the communication effect
is worrisome [11].

In healthcare, the adoption of social media is often too stuffy and not fresh enough.
Although social media has been widely adopted by patient-care providers, many health
communication institutions focus on patient empowerment, health promotion, doctor-
patient relationship building, and public health testing. Medical and health institutions
do not pay attention to the special properties of short video platforms of new media.
Since medical and health institutions focus on the quality of medical services pro-
vided to citizens, they are very cautious about the operation of social media, making
its communication effect lag behind that of other public sectors [12].



Research on Short Video Health Communication 479

2.2 The Form of Communication is Not Flexible, and the Method
of Communication is Single and Boring

Health communication in short video platforms can be divided into science, documen-
tary, entertainment and public opinion. Influenced by traditional publicity modes and
concepts, the short videos released by official accounts of many medical and health
institutions are regular, mostly mechanized science explanation products. The form of
video communication is not flexible and the content is not interesting. As a result, it is
difficult for the videos released by health and medical accounts to enter the short video
traffic pool at a higher level and get high attention [13].

Fear appeal is often a technique commonly used by the media. Medical and health
institutions try to attract the audience’s attention through words with a sense of urgency
such as “death” and “cancer”, but there is a phenomenon that fear appeal fails. The
reasons are as follows: first, it only provides threats but does not contain specific and
effective information to help audiences change their unhealthy behaviors. For example,
the media repeatedly emphasize the harm of smoking, but fail to inform the concrete
and feasible solutions, resulting in the failure to promote the change of the audience’s
behavior; Secondly, the positioning of fear appeal is inaccurate. It is well known that
“smoking is harmful to health”, but blindly listing all possible consequences will not
only fail to attract the attention of the audience, but also make the audience ignore this
fear appeal as a cliche [14].

Nowadays, users prefer the presentation of short videos, and how to integrate dif-
ficult medical terms into short videos has become a creative challenge for healthcare
institutions. Promoting the image of health professionals and knowledge of common
diseases is the current theme of healthcare institutions’ publicity, which does effectively
bring the public closer to the daily life of doctors. But the drawbacks are also quickly
presented, because the main characters of the videos of major health care institutions
are professional doctors and nurses, Who do not have a strong performance nature, they
are not strong enough to attract the public in the short video platform. Therefore, if you
want to have vivid, image and interesting video effect presentation, you need to recruit
professional actors to create short videos for health care institutions. However, when
the public finds out that it is not professional health care professionals but actors who
explain health knowledge, they will question the content of their videos [15].

2.3 The Communication Mechanism is Not Sound, and False Information
and Infringing Information Emerge One After Another

The internal management of the major short video communication websites is not in
place, and false information is common. In TikTok, Weibo and other major short video
websites, it is common to see some short health communication videos with false infor-
mation in the title. In addition, health knowledge publicity has special requirements, the
content must ensure the authority and authenticity, and the comprehensive quality of
the propagandists is very high. At present, a small number of “New media” still con-
tinue to spread incorrect and inappropriate information about medical and health care
and doctor-patient relationship intentionally or unintentionally for various reasons. Just
take the short video rumors as an example: In November 2021, Social Survey Center of



480 C. Liu et al.

China Youth Daily conducted a questionnaire survey on short video rumors among 2006
respondents on the online platform. The survey results showed that 87.7%of respondents
had encountered short video rumors online, amongwhich 43.4% believed that therewere
more short video rumors in the field of life and health. Short video production teams in
medical and health institutions not only need to deal with copywriting, video shooting
and post editing, but also need to have certain basic medical knowledge. Such interdis-
ciplinary talents are extremely lacking in major medical and health institutions, which
leads to an endless stream of false information infringement information in the existing
short video of health communication [16].

For example, during the COVID-19 pandemic, a great deal of health information and
opinions about the COVID-19 pandemic have been pouring out, with various kinds, but
it is difficult to distinguish the truth from the fake. Young people like to get information
through the Internet, WeChat, TikTok and other social media, while older people get
information through TV and newspapers. We have to admit that during the COVID-19
pandemic, the demand for authentic and effective information has been increasing. In the
face of sudden outbreaks, health communication is a keymeans and an important channel
to save lives and control the epidemic. This is the time for our major health institutions
to step up and achieve accurate and sound health communication with the public, so as
to promote social stability and reduce public panic during the pandemic. This is because
medical and health institutions are more authoritative than media practitioners on online
platforms. However, due to the imperfect communication mechanism of medical and
health institutions, false information is also emerging in an endless stream, which strikes
the public’s trust and dependence on the health communication of short video of medical
and health institutions [10].

3 Short Video Health Communication in Medical and Health
Institutions is Faced with Multiple Difficulties

In the process of short video health communication in medical and health institutions,
there are some problems, such as the content of communication is not novel, the form
of communication is not flexible, and the communication mechanism is not sound. The
reasons are mainly analyzed in the following three aspects.

3.1 Medical and Health Institutions Are Traditional and Old-Fashioned,
and Their Communication Interaction is Weak

The short video operation groups of major medical and health institutions are influenced
by traditional propaganda modes and concepts, and their communication channels and
methods are too traditional and old-fashioned. It should be known that all major short
video platforms attach great importance to user experience and user feedback, but the
short video health communication of medical and health institutions is mostly one-
way knowledge output, lacking communication and interaction with the audience. As a
result, It is also impossible to timely detect the audience’s receiving effect and absorption
degree of health information, so it is difficult to accurately locate the needs of users and
timely adjust the communication strategy. In this way, the information released is easy
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to fall into the sea and become inefficient communication. As mentioned above in the
analysis of the predicament of health communication in short videos of medical and
health institutions, the information communication facing public space is like injecting
a drop of water into the sea, which may be ignored by people, while the “sea” will not
increase or decrease. This profoundly changes the traditional transmission and receiving
relationship: in the past era, the listener had to try to identify the speaker’s message, but
now the speaker has to find the listener in the ocean of information, and has to call for the
attention of the other party. Instead of cutting out a “health tip” or a “health checklist”
from a newspaper, public health authorities, NGO, commercial medical institutions and
the media began to take the initiative to investigate and screen the target population.
Even if the target population is precisely targeted, the health information, knowledge
and advocacy spread by thesemedical and health institutions can easily become droplets,
fill the air and dissipate instantly [17].

3.2 Short Video Platform has Strong Entertainment and Low Exposure Rate
of Healthy Content

As mentioned in the previous analysis of the problem, today’s short video platforms
allocate a base traffic pool to each user based on the algorithmic mechanism of content
distribution. In order to make the released video be pushed, the original video is the first
premise. If the machine recognizes the same content, it will be recommended by low
traffic, or even only visible by oneself. In addition to originality, entertainment of short
video platform is also strong. In addition to originality, video content also needs to have
some creativity. If users stay for a long time and give good feedback, like, comment,
forward and other operations, the video will be recommended for a second time, and
even pushed to a higher traffic pool, and enter more users’ browsing list. On the contrary,
if the user stays for a short time, gives poor feedback or is reported in the early stage of
the video push, the video will be coolly recommended or even stopped [18].

Influenced by traditional propaganda models and concepts, many short videos
released by official accounts of hospitals are regular. The traditional stiff output of
health knowledge lacks entertainment, and gets less traffic and low exposure rate. A
lot of content is left on the surface, without profound popularization education, lack of
theoretical support, the form of publicity of knowledge experts is also lack of innovation,
only a formality. The video content is not innovative enough, so it is difficult for the
videos released by health and medical accounts to enter the traffic pool at a higher level
and get high attention [19].

3.3 The Health Information Censorship Mechanism has Flaws and Omissions,
Resulting in Many Errors and False Information

In the face of rapidly changing information groups, the deficiencies and omissions of
the health information censorship mechanism have been gradually exposed. New media
bring new challenges to health communication. Health information can be rapidly and
widely transmitted through new media means, but at the same time, there are problems
such as unclear sources of information, information quality cannot be guaranteed, and
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the form and type of media information, social media indicators, etc., will also have
different degrees of impact on the audience [20].

For example, Transmission and Regulation: The Impact of Social Media Videos on
Childbirth on Women’s attitudes towards Natural Childbirth was set up to test the per-
suasive effect of information types and social media indicators on women’s attitudes
towards natural childbirth. Or “When Players Become Patients: The Impact of Media
Narrative on Stigma perception of Video GameDisorder”, from the perspective of media
narrative, explores the impact of media information forms on adolescents’ stigma per-
ception of video game disorder, using the experimental method of communication. It
holds that different forms of media information can affect the severity, controllability
and social distance of the cognition of video game disorder, and further points out that
medicalized expression usingmedia narrative as the carrier may deepen the stigma of the
disease. A large number of literatures have described the adverse effects of the absence
of health information censorship mechanism leading to wrong information, the inflow
of false information leading to the wrong perception of the audience, the stigmatization
of diseases and so on [21].

4 Strategies to Break the Dilemma of Short Video Health
Communication in Medical and Health Institutions

4.1 Instant Interaction to Close the Distance

Short video platforms, represented by TikTok, have social media properties, with their
typical advantages of immediacy and two-way interaction.While watching short videos,
audiences can realize instant interaction with short video producers and other audiences
through such functions as “like”, “forward”, “comment” and “reply”. Such instant inter-
action not only enhances the interest and entertainment of the viewing process of short
videos, but also deepens the audience’s understanding and knowledge of the content of
short videos.

In order to get out of the dilemmaof short video health communication inmedical and
health institutions, doctor-patient communication and online communication should be
emphasized in short video health communication. Some studies use affective exchange
theory to predict the need for emotion. Studies have shown that high-intensity interac-
tion, timely care, and doctor-patient emotional empathy can build a good doctor-patient
relationship. Therefore, medical and health institutions should avoid emotional depri-
vation, attach importance to doctor-patient communication and doctor-patient empathy,
improve the interaction between medical and health institutions and the public, so as to
improve the stickiness between short video health communication of medical and health
institutions and users [22].

The content of medical science popularization is characterized by professionalism
and abstractness, and ordinary people may have various questions in the process of
accepting it. Producers of medical popular science should make full use of the char-
acteristics of short video platforms in the communication process to maintain imme-
diate interaction with the audience, encourage content creators to communicate with
the audience more, help the audience better understand the content of short video of
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medical popular science, and narrow the distance between the communication subject
and the audience. At the same time, interactive behaviors such as “like”, “forward” and
“comment” by the audience should also be encouraged to accelerate the fission and
transmission of short videos of medical popular science, so as to promote the medical
popular science knowledge to be understood and accepted by more people. In this way,
the communication mode of medical science popularization can realize the transforma-
tion from one-way education to two-way interaction, and change the public’s obscure
and rigid understanding of traditional medical science popularization [23].

4.2 Content is King, Medical Media Integration

Dr Wen-Hong Zhang, who is known for his frequent quotes during the epidemic, once
said with a smile to reporters, “You can understand every Chinese character I speak,
but you won’t know what it means.” In fact, this sentence also explains the important
strategy for the popularization of short medical science videos, that is, the popularization
and popularization of the video content telling way and language style. The unique
typography, text, pictures and other diversified communication methods in the content
will bring good viewing feelings to the readers. The disseminators will explain the
complex and difficult professional medical knowledge to the audience in the form of
easy to understand. The popular science knowledge is practical and interesting, which
will greatly enhance the acceptability of popular science videos.

In the era of information explosion, people are more inclined to choose the “fool”
way of information acquisition. Short videos of medical science popularization need
to present professional and abstract medical science content to the audience easily in
a short time, reducing the audience’s thinking link. At the same time, if we can give
consideration to the interestingness of the video expression form and realize the cross-
border integration of specialization and entertainment, it will be more conducive to
improving the acceptance rate of the audience and achieving better communication
effect [24].

4.3 Strict Censorship and Establishment of Authority

Health information should be strictly examined to build an authoritative health commu-
nication path. In his speech at the Munich Security Conference, Dr. Tedros Adhanom
Ghebreyesus, Director-General of the World Health Organization (WHO), stressed that
health organizations and health institutions are not only fighting epidemics, but are
fighting information epidemics. Therefore, major medical and health institutions should
strictly examine the mass information groups to ensure the authenticity and authority of
information, so as to build an authoritative health communication path of short video
health communication in medical and health institutions. The pseudo health information
in the short video platform often induces the elderly to receive wrong health knowl-
edge, resulting in wrong health cognition and even wrong health behavior, which brings
unevaluable physical and mental damage to the elderly. In the face of the confusion of
health information and health knowledge on short video platforms, it is necessary to
strengthen the examination of the content released on the platform, increase the pub-
licity of health science knowledge, and strictly control the source of health information
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transmission at the level of “knowledge”. China Medical We-Media Alliance and other
medical and health we-media alliance cooperate with new media platforms such as Ten-
cent Platform to establish a professional communication and cooperation mechanism
to combat medical rumors and fake popular science information: identify and verify
online rumors with the help of the big data screening technology of newmedia platform;
Then, healthcare professionals should speak out in the first time, and carry out targeted,
authoritative and popular interpretation or refuting rumors on the new media platform,
which can eliminate the relevant misunderstanding or panic of the public, so as to build
a better communication environment [25].
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Abstract. This study designed and produced a virtual reality game - “Catch and
Throw” for teenagers between 17 and 19 years of age with autism and conducted
a flow experiment to collect data from users to define that the levels of difficulty
in game design can be the critical influence of their flow status.

The traditional activity in school tends to look past students with special
needs who also want to participate in sports like ordinary people. Due to the slow
development of most autistic physical movements, they usually grow with low
mobility, physical strength, and a lack of rhythm. The behavioral characteristics
of autism include social interaction and language communication impairment.
Studies have confirmed that exercise can improve the physiological functions of
autism, such as mediating neurotransmitters, strengthening the connection of the
nervous system, and changing the behavioral characteristics of autism through
physiological effects.

After interviewing the youngsters with autism and their caretakers, we found
that the lack of feedback in the existing exercise process affects their motivation.
After a series of discussions, we agree that virtual reality games could involve
physical movement with playability is a good solution for them to do exercise.

To motivate users and for them to engage in the game proactively, we refer
to the flow theory. This study applies theory to practice by adjusting the difficulty
of the challenges in the game to match up with the user’s ability. Using the ques-
tionnaire method, we analyze the data and prove that controlling the users’ flow
levels can maximize their flow experience and engagement with the activity.

In this study, we design and create a VR game for autism and apply the flow
method. As a result, we enable users to get longer excise duration, better activity
experience, and better health outcomes.

Keywords: Autism · Virtual Reality Game · Flow Experience

1 Research Background

Conventionally, when it comes to special education, people pay more attention to teach-
ing subjects but ignore those special people who also want to participate in sports like
ordinary people. Due to the slow development of most autistic body movements, they
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usually come with poor essential motor ability, lack of physical strength and sense of
rhythm, difficulty in expressing and social interaction, and difficulty acquiring regular
and complex movements; autistic people do not like athletics and sports. However, sup-
pose teacherswill adjust or simplify the activities’ content and use the updated equipment
during the teaching process. In that case, it is easy to find that students are willing to
participate in athletics and sports activities.

The behavioral characteristics of autism include social interaction and language com-
munication barriers. Studies have confirmed that exercise can improve the physiological
functions of autism, such as mediating neurotransmitters and strengthening the nervous
system connection. Changing the behavioral characteristics of autism through physio-
logical influences can improve their adaptability. In addition to increasing the amount of
exercise, this study will also have the potential to have a particular impact on improving
the adaptability of autism.

2 Research Purpose

Through the activities from our previous experiences, we learned that gamemechanisms
could attract people to sports activities. In virtual reality, through the combination of
sports and games, special education students can be assimilated into the virtual environ-
ment without worrying about the difficulty of expression and social interaction obstacles
caused by ordinary sports.

Unlike ordinary people, autistic people needmore specialized counselingmethods to
achieve the best results. The education methods for ordinary people may not be suitable
for them. This study promotes the adaptation of sports through the relationship between
flow and virtual reality game design to achieve sports effects. The long-term goal of
this study is to help improve the quality of education for special education students and
develop their potential.

3 Literature Review

Psychologist Csikszentmihalyi [1] proposed the concept of “Flow” from a psychological
point of view, describing the state of people’s complete immersion in a particular activity
or situation, forgetting self, forgetting time, and forgetting all other irrelevant things, and
defined it as a feeling of entirely devoting one’s mental energy to a particular activity.
There will be a high sense of excitement and fulfillment when flow occurs. One will be
highly focused on doing something one likes without any irritability or boredom caused
by confusing, repetitive, and complicated tasks. Human beings aim to pursue happiness,
which is the basis of flow theory. People find fun and continuous satisfaction in different
activities, and these activities will bring them into a state of “Flow.” When people feel
happy, “Flow experience” comes with it.

The main argument of “Flow Experience” is that if it is in human nature only to seek
freedomand relaxation, noone iswilling to participate in activities that engage challenges
and stand up to tasks. However, even without the offering of money or other external
motivation, there are still many people who continue to engage in certain activities
because of it. After interviewing many outstanding artists, scientists, and athletes in
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his research, it was found that they all had “Flow Experiences” that allowed them to
concentrate on the process of being willing to accept the challenges, forgetting the
existence of time, and getting pleasure and satisfaction from activities, so they never
get tired of it [2]. “Flow Experiences” is why individuals continue to engage in certain
activities. It is a subjective and temporary experience [1, 3]. From the design perspective
of the game content in this project, this knowledge is also transformed into techniques
to attract users to continuously interact with the content to increase the “playability” and
the “engagement” of the game.

Most games have rules that provide individuals with good leverage on their goals.
In the game, individuals explore the game through strategic decisions and various rep-
resentations of the game content and control the game’s resources through the interface
to achieve the preset goals in the game [4].

The main point of the game design, in this case, is to adjust the possible actions
through such skills, emphasizing the best sense of control. The design of challenges
should not be too easy, and as such, it will not bring players a feeling of boredom; at
the same time, the overcoming of obstacles and the oppression of competing with time
will not be too overwhelming, causing players to have too much anxiety and panic. The
process of the game arranges visual, auditory, and interactive richness and feedback
while maintaining the balance of skills and challenges and keeping players guided in
the “Flow Channel” (see Fig. 1).

Fig. 1. Flow Channel [5]
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According to flow theory, players enter a state of flow when the challenges they face
are very close to being difficult. Just like trained athletes, dancers, and famous chess
players, when they match a specific challenge with good ability, they can enter a state of
flow. If their skills are much more excellent than the challenge provided by a particular
activity, they will be bored; if their skills are far below the level of challenge provided,
they will be frustrated and very anxious [6, 7].

To allow players to achieve a flow experience so that players do not feel bored
because the challenge is too easy or feel frustrated because the challenge is too difficult,
too complicated, or acquired skills do not meet the ability of the player, game design has
to perfectly meet the delicate balance between player skill and game challenge. When
the player enters a state of flow, it is characterized by a loss of self-awareness, a distorted
perception of time, and pleasurable feelings. Csikszentmihalyi [1] pointed out: “Games
are an excellent embodiment of flow.”

4 The Process of Creating the Game for Research

4.1 Expert Interview

Through interviewswith experts, we gather elements ofmaking game content and formu-
late gameplay methods. Experts interviewed for this study include the ROC Foundation
for Autistic Children and Adults in Taiwan, Taiwan Healthy Life and Sports Associa-
tion, the occupational therapist of Happy Mount Sanatorium, adaptive sports coaches
of Power-Sunny Adjustment Exercise Studio, New Taipei Municipal Tur Ya Kar Ele-
mentary and Middle School Counseling Office, Consultants of Lunghwa University of
Science and Technology Counseling and Career Development Center.

Through expert interviews, this study has obtained the following conclusions:

1. Through goal-oriented, structured, progressive, and interrelated training exercises can
significantly improve the motor skills of autistic people.

2. By practicing the correspondence between vision, proprioception, and vestibular
system, sensory integration can be improved.

3. The lifestyle of autistic people can be changed through the form of gameplay and
repeated systematic training methods.

4. Besides improving physical movement ability, it can promote social interaction and
improve interpersonal relationships.

The following is a summary of interviews with experts and guidelines for game
design:

1. Adaptive sports are an excellent direction to help people with autism to be healthy.
The virtual reality game production plan is to stand on the shoulders of giants and
continue to move forward.

2. The development of many sports relies on the group’s strength, but autistic people
have difficulties in social skills, and their frustration tolerance is extremely low.

3. The mirror neuron function of autistic people is low. When watching other people’s
actions, their brains may not necessarily be activated to imitate them.
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4. Insufficient abstract thinking often requires direct experience to understand the
environment’s needs.

5. Most sports rules are complicated and must be simplified.
6. Reducing the game’s difficulty should also give back a considerable sense of

accomplishment.
7. Generate attraction through theme specificity and user preferences.
8. People with autism will have tactile discomfort and must first feel safe through

demonstrations.
9. Most patients need help with balance, and more attention should be paid to activities

or operations.
10. Avoid taboos, such as adverse effects caused by loud sounds and intense light.
11. It is not necessary to increase the amount of exercise as the goal at the beginning;

one can start with being able to sweat and boost heart rate to 130.
12. VR adaptive exercise can increase muscle endurance, coordination, and balance.
13. Focus on security.
14. More than 95% of autistic people can easily be attracted by the “games” theme.
15. For sports, it must be the amount of exercise, and there is no need to learn any special

skills.
16. When the habit is established, one may accept sports in the future.

4.2 Game Content

This is a virtual reality reaction training game made with unreal engine 4. When players
enter the game, they can choose the difficulty level to suit their reaction speed. After the
selection, the player clicks the button on the VR handlebar to enter a scene where a lamb
will throw pillows at the player from time to time. The player must pick up the pillow
and throw it to the lamb within the specified time. The way to pick up the pillow is to
use the VR handlebar in the player’s hand and click the trigger to pick up the pillow on
the ground or throw it. After the time, the score will pop up to count how many pillows
the player has thrown and hit the lamb to calculate the player’s reaction speed. The
higher the score, the better the player’s reaction ability. In addition, the game is played
in a fixed-point mode to avoid collision damage caused by players moving around (see
Fig. 2, Fig. 3).

Fig. 2. Menu Screen Fig. 3. Gameplay Screen
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5 Research Method

In this study, through the questionnaire survey method, the subjects are 37 autistic
students from freshman to sophomore who belong to moderate to mild patients on
the spectrum. The structural equation was used to construct the variable model. The
questionnaire data was input through SmartPLS to obtain the path coefficient and factor
analysis between the variables.

PLS-SEM is a structural equation model based on variance, which is solved by using
the Partial Least Squares method, using the linear combination of observed variables
to define the principal component structure, and then using the principle of regression
analysismodel to test the relationship between the prediction and explanation of principal
components.

5.1 Path of PLS-SEM

In the PLS-SEM model, there are only one-way arrow paths and no two-way arrow
paths like in CB-SEMmodel. The path value is called the path coefficient. The path dia-
gram can more intuitively describe the relationship between variables. PLS-SEMmodel
construction consists of Measurement Model and Structural Model. The measurement
model describing the relationship between latent variables and indicators is called the
Outer Model. The research model structure is set as follows (see Fig. 4):

Fig. 4. Model Structure



492 T.-W. Lu et al.

5.2 The Hypotheses

Based on the above model, the hypotheses of this research are proposed and tested.
H1: Game motivation affects game involvement.
H2: Game motivation affects happiness.
H3: The degree of game involvement affects game skills.
H4: Game involvement affects the game challenge.
H5: Skills affect the flow.
H6: Challenges affect the flow.
H7: Flow affects happiness.
According to the above hypotheses, the operational definition questionnaire for each

facet is shown in Appendix A.

6 Data Analysis Process and Results

6.1 PLS-SEM Path Analysis

The path coefficient shows the causal relationship among the latent variables in the
structural model, which belongs to the direct effect and can also be interpreted as the
causal relationship in behavior, sometimes called influence (see Fig. 5).

Fig. 5. Path Correlation Coefficient
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Outer Loading. Outer Loading refers to the factor loadings of the indicator variable
(item) on the construct (latent variable). When evaluating the model, the primary ref-
erence is the outer loading. When the value of the outer loading is more significant
than 0.7, it is one of the criteria for judging the convergent validity of the model. The
outer loading is obtained by the least square method and regression analysis with the
construct (latent variable) as the independent variable and the items in the model as the
dependent variable. Hulland [8] deems that the standardized outer loading of exploratory
research should be greater than 0.5 to be acceptable. This study achieved Hulland’s [8]
standardized outer loading greater than 0.5, indicating that the convergence reliability
of the index reached the standard, as shown in Table 1.

Table 1. Outer Loading

Item No Motivation Item No Flow Item No Skill

1 0.7 21 0.775 41 0.948

2 0.837 22 0.765 42 0.959

3 0.658 23 0.824 43 0.951

4 0.722 24 0.909 Challenge

5 0.525 25 0.78 44 0.871

6 0.534 26 0.805 45 0.85

7 0.786 27 0.692 46 0.792

8 0.753 28 0.718

9 0.629 29 0.74

10 0.824 30 0.768

11 0.811 Happiness

12 0.7 31 0.681

Game Involvement 32 0.826

13 0.735 33 0.829

14 0.758 34 0.885

15 0.769 35 0.773

16 0.793 36 0.775

17 0.647 37 0.874

18 0.785 38 0.767

19 0.652 39 0.849

20 0.626 40 0.804
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6.2 Quality Criteria

After the model has completed the PLS measurement convergence, it can display the
evaluation model quality of relevant model indicators, which include R2, f2, Cronbach’s
α, composite reliability (CR), average variation extracted (AVE), variance inflation factor
(VIF) and model fit index.

Hair et al. (2014) pointed out that academically the value of R2 is relatively varied
in different research fields. It is generally required that 0.25 is regarded as a slightly
weak explanatory value, and when the R2 value is close to 0.5, the model has a moderate
explanatory value. When it is close to 0.75, the explanatory value of the model is very
significant. According to the results, the model has above moderate explanatory value
(see Fig. 6).
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Fig. 6. R2 Coefficient of Determination

f2 Effect Size: f2 effect size shows the effect of exogenous variables on endogenous
variables. It is mainly used to delete specific exogenous variables in the model to see
the variation in R2 and evaluate whether exogenous variables significantly influence
endogenous variables. (see Fig. 7).

Cohen [9] stated the f2-value evaluation principle:
0.02 < f2 � 0.15 represents a small effect,
0.15 < f2 � 0.35 represents a medium effect.
f2 > 0.35 represents a significantly larger effect, so the result shows:
Flow on Happiness: 1.137 (f2 > 0.35) represents a large effect.
Game involvement on challenge:1.06 (f2 > 0.35) represents a large effect.
Game involvement on skill: 1.037 (f2 > 0.35) represents a large effect.
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Game motivation on game involvement: 1.033 (f2 > 0.35) represents a large effect.
Gamemotivation on happiness: 0.277 (0.15< f2� 0.35) represents amedium effect.
Skill on Flow: 0.422 (f2 > 0.35) represents a large effect.
Challenge on flow: 0.292 (0.15 < f2 � 0.35) represents a medium effect.

Fig. 7. f2 Effect Size

Construct Reliability and Validity: Construct reliability and validity, such as Cron-
bach’s α inter-rater reliability index, composite reliability (CR), and average variation
extracted (AVE), are used to evaluate indicators that reflect the reliability and convergent
validity of the measurement model for evaluating internal consistency.

Hair et al. [10] suggested that using the construct reliability to evaluate internal
consistency while measuring the model is more appropriate.

Scholars Fornell & Larcker [11] suggested that the construct reliability of latent
variables should be greater than 0.7. The construct reliability values of all latent variables
in this study are more significant than 0.7, so the items in the construction have high
internal consistency. The average variation extracted (AVE) is the average variation
explanatory value of each index variable of the latent variable to the latent value. The
construct reliability and validity results of this study are presented in Table 2.

6.3 Bootstrapping

PLS-SEM does not emphasize the normal distribution for characteristics of the data, so
the significance of outer loadings, weights, and path coefficients in the model is tested
through the bootstrapping method in the nonparametric statistics analysis method. The
whole process is applied by using random sampling with replacement, and the existing
observation sample is regarded as the population and carry out sampling repeatedly.
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Table 2. Construct Reliability & Validity

Cronbach’s alpha Composite
reliability
(rho_a)

Composite
reliability
(rho_c)

Average variance
extracted (AVE)

Challenge 0.789 0.801 0.876 0.703

Flow 0.928 0.930 0.939 0.608

Game
Involvement

0.870 0.888 0.897 0.523

Happiness 0.940 0.944 0.949 0.653

Motivation 0.912 0.926 0.924 0.509

Skill 0.949 0.956 0.967 0.908

When the number of samples drawn reaches the preset number of samples, the sampled
observations are used as a sub-sample, and the distribution characteristics of each sub-
sample are estimated. This process will be executed until a specific number of sub-
samples is completed (5000 sub-samples are set in this study). The operation will be
stopped, and the analysis and statistics will be performed. The model structure testing
and analysis values are shown as follows.

Path Coefficients- Mean, STDEV, t Value, p-Value: According to the test results,
the t-value and p-value of the coefficient test results between each path are extremely
significant, as shown in Table 3.

Table 3. Path Coefficients- Mean, STDEV, t Value, p-Value

Original
sample
(O)

Sample
mean
(M)

Standard
deviation
(STDEV)

T statistics
(|O/STDEV|)

P values 2.50% 97.50% Bias

Flow ->
Happiness

0.649 0.642 0.086 7.511 0*** 0.448 0.793 0.008

Skill -> Flow 0.494 0.474 0.128 3.868 0*** 0.215 0.718 0.02

Challenge ->
Flow

0.411 0.442 0.131 3.143 0.002*** 0.175 0.687 0.031

Motivation
->
Happiness

0.32 0.33 0.082 3.894 0*** 0.181 0.505 0.01

Motivation
->
Game
Involvement

0.713 0.731 0.06 11.927 0*** 0.608 0.847 0.018

(continued)
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Table 3. (continued)

Original
sample
(O)

Sample
mean
(M)

Standard
deviation
(STDEV)

T statistics
(|O/STDEV|)

P values 2.50% 97.50% Bias

Game
Involvement
->
Skill

0.713 0.724 0.067 10.654 0*** 0.578 0.843 0.011

Game
Involvement
->
Challenge

0.717 0.737 0.069 10.425 0*** 0.599 0.872 0.02

*** p <

0.001
*** t =
3.28

** p < 0.01 ** t =
2.58

* p < 0.05 * t =
1.96

According to the above results, the hypothesis of H1 – H7 is all positive and well-
established (see Fig. 8).

The average variance extracted (AVE) - Mean, STDEV, t value, p-value of the test
as shown in Table 4.

According to the test, theR2 value test also showedavery significant effect, indicating
that the research model has above medium explanatory value, as shown in Table 5.

According to the test results, Cronbach’s Alpha value of the test is also extremely
significant, as shown in Table 6.

7 Conclusion

In this study, we observed that during the gameplay, over time, players mastered game-
playing skills and transformed their interactive behavior from a cognitive process of
conscious assessment and execution to a subconscious, intuitive response process. Play-
ers gradually improve the way to handle the relative difficulty presented on the level
and get a better sense; eventually, the player learns enough skills to break through the
level and complete the goal. During this process, players extricate themselves from the
sense of oppression and awkwardness in unfamiliar gameplay situations and can grad-
ually control the gameplay smoothly and elegantly. At the same time, they receive the
satisfaction of meeting the challenges and the scores or skills required for passing the
level in the game.

Through the statistical results of the questionnaire in this study, we found that the
characteristics of the situation in the gameplaymake individuals prone to flow experience
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Fig. 8. T Statics values for Path Coefficient

Table 4. Average variance extracted (AVE)- Mean, STDEV, t value, p-value

Original
sample (O)

Sample mean
(M)

Standard
deviation
(STDEV)

T statistics
(|O/STDEV|)

P values

Happiness 0.653 0.66 0.058 11.168 0***

Flow 0.608 0.613 0.054 11.288 0***

Skill 0.908 0.907 0.028 32.962 0***

Challenge 0.703 0.709 0.076 9.248 0***

Motivation 0.509 0.521 0.063 8.146 0***

Game
Involvement

0.523 0.528 0.073 7.133 0***

*** p < 0.001

in the game. In the game, individuals are more willing to engage in actions based on
intrinsic motivation proactively and can effectively improve learners’ concentration. It
is a suitable environment for self-directed learning and skill exploration.
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Table 5. R-Square adjusted- Mean, STDEV, t value, p-value

Original
sample (O)

Sample mean
(M)

Standard
deviation
(STDEV)

T statistics
(|O/STDEV|)

P values

Happiness 0.817 0.831 0.057 14.372 0***

Flow 0.674 0.702 0.071 9.45 0***

Skill 0.495 0.515 0.098 5.048 0***

Challenge 0.501 0.536 0.104 4.812 0***

Game
Involvement

0.494 0.525 0.089 5.525 0***

R-Square -Mean, STDEV, t value, p-value

Happiness 0.827 0.841 0.054 15.407 0***

Flow 0.692 0.718 0.067 10.275 0***

Skill 0.509 0.529 0.095 5.339 0***

Challenge 0.515 0.549 0.101 5.087 0***

Game
Involvement

0.508 0.538 0.087 5.844 0***

*** p < 0.001

Table 6. Cronbach’s Alpha - Mean, STDEV, t value, p-value

Original
sample (O)

Sample mean
(M)

Standard
deviation
(STDEV)

T statistics
(|O/STDEV|)

P values

Happiness 0.94 0.94 0.016 57.103 0***

Flow 0.928 0.927 0.018 52.957 0***

Skill 0.949 0.948 0.017 55.903 0***

Challenge 0.789 0.786 0.078 10.173 0***

Motivation 0.912 0.912 0.022 41.137 0***

Game
Involvement

0.87 0.864 0.043 20.067 0***

*** p < 0.001

The questionnaire statistics show that the direct correlation between game motiva-
tion and happiness is low. However, through the path of game involvement with the
correspondence between skill and challenge difficulty, it can directly affect the player’s
flow and improve happiness.

This study found that the design of the game mechanism can significantly increase
the intensity of physical activity motivation for people with autism. In the future, it is
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hoped that it will inspire more rigorous ways to track virtual reality games that improve
physical and mental health.

Appendix A: Questionnaire

(1 = Strongly Disagree; 2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree).

Game Motivation:

Innovative items: 1 2 3 4 5

1 Playing games can bring creativity and imagination

2 Playing games creates new discoveries and curiosity

3 Playing games can learn new concepts and knowledge

4 Playing games invokes me to brainstorm

Social items: 1 2 3 4 5

1 Playing games allows me to meet all kinds of people

2 Playing games can build and increase friendship

3 Playing games can show my strengths to others

4 Playing games can have a good time with friends

Competency items: 1 2 3 4 5

1 Playing games can improve operating skills and abilities

2 Playing games can improve self-challenging ability

3 Playing games gives me a sense of accomplishment

4 Play games to show off my skills to others

Avoidance items: 1 2 3 4 5

1 Playing games can keep me away
from family stress and tension

2 Playing games can keep me away
from the stress and tension of your
studies

3 Playing games can keep me away
from social stress and tension

4 Playing games can keep me away
from emotional stress and tension

Game Involvement:

Attraction items: 1 2 3 4 5

1 I think playing games is an important leisure activity

2 I think the advantages of playing games outweigh the disadvantages

3 I think I like playing games more than any other activity

4 I think playing games makes me feel good when I’m stressed
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Self-expression items: 1 2 3 4 5

1 I like to discuss game content with
my friends

2 I will take the initiative to pay
attention to the latest news of the
game

3 I think I can overcome various
problems encountered in the game

4 I think games make other people
enjoy interacting or reaching out to
me

Centrality: 1 2 3 4 5

1 I spend most of my time playing games

2 I play games whenever I am free

3 I will spend time on games

4 I’ll save my money and spend it on games

Flow:

Feedback items: 1 2 3 4 5

1 When playing a game, if I make a
mistake, I always know
immediately whether I can pass the
level

2 When playing games, if I can break
through the difficulties, I will know
how to play the next level better

3 When playing a game, I always
know whether my performance
meets my expectations

4 When playing the game, my
improvement in skill can often be
clearly felt

Concentration items: 1 2 3 4 5

1 When playing games, I can always
stay in state of concentration

2 When playing games, I’m often
engrossed

3 When playing games, I often pay
attention to every detail of them

4 When playing games, I can often get
away from the annoyance in my life
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Self-Realization items: 1 2 3 4 5

1 I really enjoy the joy of playing games

2 Most games can satisfy me

3 Playing games can bring me emotional satisfaction

4 Playing games can increase my self-confidence

Sense of Time items: 1 2 3 4 5

1 When playing games, I feel like
time flies by very fast

2 When playing games, I often
don’t know how long I’ve been
playing

3 When playing games, when
someone tells me I’ve been
playing for too long, I still feel
like I don’t have enough time

4 When playing games, if there is
no reminder from other people, I
often don’t pay attention to the
time

Happiness:

Physiologically oriented items: 1 2 3 4 5

1 Playing games keeps me energetic

2 Playing games can help me get my strength back

3 Playing games can keep excited emotional

4 Playing games keep my wits about me

Psychologically oriented items: 1 2 3 4 5

1 Playing games can make me feel
that life is colorful

2 Playing games can put me in a
good mood

3 Playing games improves my
gaming skills

4 When playing games, I use my
skills to overcome difficult
challenge

Emotionally oriented items: 1 2 3 4 5

1 Playing games can relax me physically and mentally

2 Playing games can relieve my stress

3 Playing games helps me emotionally

4 Playing games helps me relieve tension
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Education-oriented items: 1 2 3 4 5

1 Playing games can broaden my
perspectives

2 Playing games helps me
understand other people

3 Playing games helps me try new
things

4 The experience of playing games
can help me challenge the next
game

Social Oriented items: 1 2 3 4 5

1 Playing games gives me the opportunity to interact with other people

2 Playing games allows me to understand my own and other people’s thoughts

3 Playing games allows me to have a common topic with my friends

4 I will exchange game information with my friends

Aesthetics-oriented items: 1 2 3 4 5

1 Whether the game’s soundtrack is
appropriate is very important to
me

2 It’s important to me that the
game’s font size is appropriate

3 It is very important to me whether
the picture quality of the game is
beautiful

4 Whether the visual style of the
game meets my requirements is
very important to me

Challenge:

Challenge items: 1 2 3 4 5

1 Playing games is a challenge for me

2 Playing games is a test of my abilities

3 Playing games can improve my
abilities through accumulating
experience

4 Playing games makes me want to
perform at my best

Skill:

Skill Items: 1 2 3 4 5

1 Playing games allows me to express my best ability to deal with the interface

(continued)
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(continued)

Skill Items: 1 2 3 4 5

2 I have comprehensive of skills to play the game

3 The game offers me the best opportunity to test my control and skills

4 Games push the limits of my ability to play games
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Abstract. During the terms of COVID-19, nucleic acid sampling booths are
extremely important medical facilities in cities, and millions of residents undergo
nucleic acid sampling and testing every day. With the changes of policies in epi-
demic prevention and control, a large number of nucleic acid sampling booths
have been stopped using and left idle in every corner of the cities. Some people
regard nucleic acid sampling booths as a feature of the times and hope to abandon
and destroy those numerous industrial products. Meanwhile, some people think
that nucleic acid sampling booths are still valuable medical resources in cities.
The nucleic acid sampling booths can be transformed and designed through sci-
entific and reasonablemethods, and change them intowhat residents need and love
products. This research focuses on the transformation and design of communities’
nucleic acid sampling booths, aiming to summarize and excavate the needs and
values of communities and residents in the process of transforming, and explore
nucleic acid in combination with community medical and design theories. Finally,
this research explores the practical directions of transforming nucleic acid sam-
pling booths into convenient medical stations combining the theories of primary
care and redesign.

Keywords: Primary Care · Nucleic Acid Sampling Booths · Convenient
Medical Stations · Transformation and Redesign Methods

1 Introduction

Since the outbreak of theCOVID-19, epidemic diseases have affected all aspects of urban
residents’ life and work which is mainly related to five major themes, namely, environ-
mental quality, socioeconomic impacts, management and governance, (4) transportation
and urban design and medical system of city [1]. Under the influence of many factors,
their negative effects account for a large proportion, including the decline of urban econ-
omy, the decline of commodity trade circulation, the hindrance of commodity exports,
the rise of urban unemployment rate, the decline of employment rate, overcapacity, the
decline of water consumption of residents, and so on [2]. In a much recent report by
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Indian Council of Medical Research, the apex medical body in India, the risk is 1.09
times higher in urban areas and 1.89 times higher in urban slum-like conditions vis-a-vis
the rural areas [3]. These problems have made urban poor and marginalized groups more
vulnerable to pandemics [4]. The pandemic of COVID-19 has made people question and
criticize the rationality of large-scale urban development. At the same time, the pandemic
has negative impacts on social mobility and interaction within public urban spaces [5].
Some people worry that the high density of cities may be a risk factor, making epidemics
spread uncontrollably and unexpectedly. In fact, the population density of cities cannot
explain the geographical distribution pattern of confirmed cases after researching [6].
Cases can be minimized, and health can be enhanced when residents change the lifestyle
and follow the directions from public health organization. The large-scale spread of the
epidemic has exposed the fragility and resilience of the urban system from the whole to
the local level. On the other hand, it has also created a driving force for urban promoters
to change global resilient cities and regional planning [2]. Numerous strategies such as
safewater, green environment, adaptive strategies of climate, comprehensive community
planning, de-density inside buildings, and primary care have become the solutions for
future urban architecture and environment design [7]. Due to rapid economic develop-
ment, people’s material conditions have been greatly improved, and health issues have
gradually become the focus of social attention. The relevant measures between commu-
nities and medical institutions for residents’ cleanliness and sanitation safety need to
mobilize the available urban resources and partners to the greatest extent to ensure that
sufficient quantities of safe water and disinfectant are provided to satisfy the sanitation
of urban residents. Focusing on supply throughout the outbreak response; cities need to
sustain this investment to promote community safety, healthy long-term growth to pre-
vent future pandemic outbreaks [8]. From the perspective of urban epidemic resistance,
China is global role model and pioneer representative in actions and measures during the
pandemic. The city’s resilience plays a key role when the government manages the flow
and risk pressure from the COVID-19. In terms of improving primary care, China has
maximized the adequacy of infrastructure and the improvement of urban management,
which has greatly improved the efficiency of the control of the COVID-19 and enhanced
the city’s resilience [9]. During the COVID-19 epidemic, nucleic acid sampling booths
are extremely important and widely used in Chinese cities and communities. Millions
of residents millions of residents undergo nucleic acid sampling and testing every day.
The measures isolate the patients which effectively hinder the spread of the epidemic
[10]. With the changes of policies in epidemic prevention and control, a large number
of nucleic acid sampling booths have been stopped using and left idle in every corner
of the cities. In order to maximize the use of urban resources and avoid waste, more
and more cities have transformed and designed the nucleic acid sampling booths into
convenient-mobile spaces in view of the actual needs from residents [11]. Based on
the above research background, how to transform, design and reuse the nucleic acid
sampling booths are the themes of this study. The purpose of the study is as follows:

1. Focus the research perspective on the transformation and redesign of nucleic acid
sampling booths in urban villages and communities;

2. Explore the needs of residents in the process of transformation and redesign of nucleic
acid sampling booths;
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3. Explore the practical direction of the transformation of Shenzhen community nucleic
acid sampling booths into convenient medical stations combining the theories of
primary care and redesign.

2 Literature Review

2.1 Status and Needs of Primary Care

Primary care service is closely related to residents’ health and plays an important bridge
between health care, economy and society. Complete primary care can help residents
meet their basic medical needs [12]. A healthy community benefits everyone who lives
in it. Primary care is an important way to achieve healthy communities. Public health
aims to protect and improve the health of communities by addressing the structures
and systems, and to support the community residents who live and work there to make
healthy decisions. To study primary care and health problems, we need to collect data
and resources to solve community health and sanitation problems [13]. However, with
the increasing demand for urban medical and health care, primary care institutions have
problems such as small scale and poor facilities, which are far from the requirements
of modern hospitals. This contradiction between supply and demand has caused great
obstacles to the reform of primary care and community health, and the social concern
about medical institutions has gradually emerged [14]. Why primary care is important to
community health? About half of Americans have a chronic illness. Many residents do
not have access to health resources due to socio-economic factors beyond their control.
In a medical emergency, an elderly diabetic with no family and no driver’s license
and a pregnant woman with toxemia who lives more than 50 miles from the hospital
are at high risk in the community. This makes primary care and sanitation particularly
important [15]. Residents need to cooperate with and accept management strategies and
medical services provided byMedicalOrganizations in the process of long-term struggle,
detection and treatment against epidemic diseases. At the same time, all communities
consume a lot of human, material and financial resources in the organization of medical
services, and its medical services activities are also deeply affected by the environment
and residents [16]. Therefore, based on sanitation andhealth of residents, the construction
of primary care is urgent, complicated and heavy task.

2.2 Status and Needs of Primary Care

During the COVID-19 pandemic, prevention and control are key measures to curb the
rapid spread of the virus. However, the practical implementation is very difficult, and
some of these measures may be harmful to the living conditions of members of many
communities. In addition, due to the weak primary care system, the community may
severely lack of detection, isolation and treatment are diseased, the ability of tracking
and isolating contacts. Public health and social measures in these communities need to
be balanced against other risks affecting their communities, such as low-income popula-
tions, health care services, social networks and food safety issues. Residents need to act
pragmatically and take advantage of local structures and systems, particularly through
social mobilization and strong community participation [8]. On May 9, 2022, The State



508 W. Luo and J. Wu

Council proposed to further confirm “Sifang” responsibilities and “Sizao” requests [17].
“Sifang” responsibilities refers to the responsibility of the territory, department, unit
and individual. “Sizao” requirements refer to the requirements of early detection, early
reporting, early isolation and early treatment [18]. A number of departments across
Tulane University are actively responding to the 2019–2020 outbreak of COVID-19.
Researchers in the School of Public Health and Tropical Medicine, School of Medicine,
National Primate Research Center, and Science and Engineering are addressing the dis-
ease on several fronts, from immediate response and containment, modeling to anticipate
the disease spread and so on [19]. Nucleic acid sampling booths are important medi-
cal facilities in cities. Millions of residents undergo nucleic acid testing services every
day. Nucleic acid testing is an indispensable procedure for confirming COVID-19 [20].
Nucleic acid sampling booths mainly freemedical staff from the heavy nucleic acid sam-
pling work. Compared with the previous open-air sampling, the nucleic acid sampling
booths improved the sampling environment for medical staff and ensured the safety of
the sampled personnel. Nucleic acid sampling booths have the following three advan-
tages: First, the built-in ultraviolet lamp can disinfect the sampling booths in the early
stage of work, creating a sterile and safe sampling environment. Second, the intercom
system is configured to facilitate the medical sampler to communicate with the external
staff in time, so as to better complete the sampling work. Third, the fresh air positive
pressure system keeps the positive pressure inside the sampling booth higher than that
outside, effectively preventing the virus from entering the sampling booth through the
air. Nucleic acid sampling kiosk detection channel has special gloves, and equipped
with HD tempered glass for observation, to achieve zero contact with the sampled per-
son, effectively avoid cross infection. The universal wheel installed at the bottom of the
sampling booth can be moved at any time according to the sampling situation, so as to
complete the nucleic acid sampling work more efficiently. The sunshade at the top of
the sampling pavilion effectively prevents direct sunlight or other factors from affecting
the samples. The internal and external sampling Windows of the booth are illuminated
by LED lights to facilitate nucleic acid sampling by medical staff at night [21].

2.3 The Functions of Nucleic Acid Sampling Booths in the Communities

The traditional nucleic acid testing mainly uses tents to build temporary sampling sites.
It is vulnerable to weather, especially severe weather such as strong winds, torrential
rain and high temperatures. Sampling becomes more difficult. In addition, the way
medical workers and those being sampled are tested face-to-face leads to a high risk
of infection. However, the use of contactless, mobile nucleic acid sampling booths can
effectively solve this problem and further enhance the capacity of epidemic prevention
and control. Most nucleic acid sampling booths are portable, allowing for flexible use
and easy deployment. At the same time, some nucleic acid sampling booths are also
equipped with intelligent registration system. Residents only need to complete the work
of health code scanning, personnel information entry, temperature measurement, etc.
Then residents can take samples for convenience [22].

With the changes of policies in epidemic prevention and control, a large number of
nucleic acid sampling booths have been stopped using and left idle in every corner of the
cities. Some people raised whether nucleic acid sampling booths could be converted into
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breakfast shops and street stalls in the future. If it works, it could boost employment.
In this regard, some retail workers think that the reconstruction of sampling booths
should be carried out in accordance with the relevant government planning. On the
other hand, if you do cater or retail purposes, it also involves the relevant business
license, health conditions, qualifications of practitioners, etc. However, the small size
of the nucleic acid sampling booths also needs to be considered whether it can hold
the goods [23]. Some people regard nucleic acid sampling booths as a feature of the
times and hope to abandon and destroy those numerous industrial products. Meanwhile,
some people think that nucleic acid sampling booths are still valuable medical resources
in cities. The nucleic acid sampling booths can be transformed and designed through
scientific and reasonable methods and change them into what residents need and love
products. The advantages of this method on the one hand can save social resources,
reduce waste. On the other hand, it can also design and transform this service space
with mobile and portable type to meet the needs of daily urban residents. Many people
expect that the idle nucleic acid testing booths can have more diversified functions, such
as fever clinic, treatment stations, Spring Festival Goods Stalls, civilized tourism traffic
guidance stations, voluntary service stations, convenience service stations, community
sharing stations, rest station for workers, people’s life liaison stations, express delivery
station, urban management service station, Love Rafting Library, miniature fire stations
[24] (Fig. 1).

Fig. 1. Research framework.

3 Research Methods

3.1 A Subsection Sample

In this study, the reconstruction of idle nucleic acid sampling booths in various cities
was selected as the research object. Analyze, compare and study cases. Combining the
transformation and redesign of nucleic acid sampling kiosk with Maslow’s hierarchy
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of needs theory [25], this study expounds the needs of community residents achieved
during the transformation and redesign of nucleic acid sampling booth. A hierarchical
model of community residents’ needs for nucleic acid samplingbooth transformationwas
constructed. Taking the transformation and redesign of nucleic acid sampling booth in
Funan Community, Futian Street, Futian District, Shenzhen as the exploration objective,
the direction of promoting the high-quality development of primary care and health
construction by the transformation and redesign of nucleic acid sampling booth was
explored. The following three points are the main points of this study.

4. Explore the current idle situation of nucleic acid sampling booths in the commu-
nity, as well as the views of residents on the transformation and redesign of nucleic
acid sampling booths, what difficulties exist at present and what problems can be
optimized.

5. Study the current situation and influence of themodified nucleic acid detection booths
in the community, compare and analyze their advantages and disadvantages, and put
forward the design scheme that can be optimized and improved for the community
nucleic acid sampling booths.

6. Through the relationship between communities, residents and nucleic acid sam-
pling booths, it proposed the renovation design and research scheme of nucleic
acid sampling booths based on practicability, functionality, controllability, modu-
larity, lightweight and recyclable, and proposed the renovation scheme of convenient
medical station applicable to communities.

4 Case Analysis and Design

4.1 Transformation and Redesign of Fever Clinic

With the changes of policies in epidemic prevention and control, in order to better serve
the residents, theYuepuCommunityHealth ServiceCenter inBaoshanDistrict of Shang-
hai has recently transformed and redesigned the original nucleic acid sampling booth
into a fever clinic, so that residents can get the corresponding drugs in need without
arriving at the health service center. The fever clinic is equipped with two medical work-
ers at each window, one responsible for asking questions and prescribing medicine, and
one responsible for taking medicine [26]. In the Futian and Baoan districts of Shenzhen,
several nucleic acid sampling booths have been converted into fever clinics. Residents
can smoothly complete registration, diagnosis and treatment, payment, dispensing and
other procedures. This reduces the risk of cross infection. According to Biqin Chen,
director of the Funan Community Health Center in Futian District, Funan Community
Health was the first to transform and redesign nucleic acid sampling booths into fever
clinics in Futian district on December 12. Patients can complete the procedures of seeing
a doctor, charging, dispensing medicine, examination and treatment, which can be com-
pleted in 5 to 10 min at the fastest. The nucleic acid sampling booths can accommodate
3 medical workers at the same time. Internal air conditioning, disinfection equipment,
positive pressure ventilation system and other electrical equipment are very complete
which can meet the needs of the fever clinic and residents [23]. Some nucleic acid sam-
pling booths in Suzhou have been transformed into fever clinics. When residents arrive,
they can get medical treatment through a window and fill prescriptions at a pharmacy
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in the back. According to official data, 1,519 medical service centers have been built
in 8 cities (counties) in Wuxi, among which 499 have been rebuilt from nucleic acid
sampling booths, 514 have been set up using the booths of community neighborhood
committees (villagers’ committees), and 506 have been built by other means (Fig. 2).

Fig. 2. Transformation and Redesign of Fever Clinic.

4.2 Transformation and Redesign of Love Rafting Library

In order to maximize the conservation of social resources, Suzhou city is trying to play a
role in the transformation and redesign of nucleic acid sampling booths. In Xiangcheng
District, Suzhou, the first 18 civilized service stations, which were transformed and
redesigned from nucleic acid sampling booths, were officially put into operation [27]. In
Zhonghailongwan Community, Suzhou City, many donating books donated by residents
are displayed in the Love Rafting Library transformed by nucleic acid sampling booth.
Converted from an unused nucleic acid sampling booth. The love rafting bookstore is
open only on weekends and can be borrowed or donated by the surrounding residents.
According to the relevant person who is in charge of the community, there are numerous
teachers and students in the community. Residents are supportive of the conversion of
the nucleic acid sampling booth into Love Rafting Library. The management made a
presentation to the owners’ group at that time. Many families have donated the books
they read to make it easier for everyone to read and create more value [28]. Rules and
instructions are posted inside the Love Rafting Library, and community volunteers help
register the information. After understanding the status quo of occupation, age, family
and environment of local residents, the nucleic acid sampling booth was transformed and
redesigned according to the hidden needs of local residents. This design method accord-
ing to local conditions is quite scientific. It can be concluded that the transformation of
nucleic acid sampling booths should be analyzed according to the different conditions of
different regions, and the transformation should be carried out according to the specific
needs after the investigation of local human characteristics and environmental status.
At the same time, the corresponding rules and instructions are specified and displayed
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in the interior space, such as the detailed rules of borrowing and donation, the opening
hours of the Love Rafting Library, and the specific requirements of volunteer work. In
divergent thinking, there must be logical guidance, and at the same time, information
screening and concentration should be carried out. Through centralized orientation and
systematic comparison, the best and reasonable scheme can be sorted out from numerous
schemes. Through continuous design evaluation and transformation practice, the optimal
scheme to meet the needs of the community and the design objectives is found [29]. As
a civilized post station of the city, Love Rafting Library can well meet the needs of the
city for civilization, and also enrich the needs of communication and interaction among
residents. Under the condition of excess nucleic acid sampling booths resources, it max-
imizes the use and transformation of urban convenient mobile space resources, well taps
the hidden needs of community residents, and creates and develops the value of more
nucleic acid sampling booths. This proves the great potential of nucleic acid sampling
booths in transformation and redesign and presents high-quality cases for reference and
research in urban cultural, humanistic and emotional interactions (Fig. 3).

Fig. 3. Transformation and Redesign of Love Rafting Library.

4.3 Transformation and Redesign of Rest Station for Workers

In Yulan Park on the east side of Huanhu Road in Zhongjing Community, nucleic acid
sampling booths has been transformed and redesigned into Rest Station, attracting many
maintenance workers, cleaners and security guards from surrounding parks to rest and
supply, chat and talk in this mobile space, shielding the vigorous summer sun. The Rest
Stations provide daily services such as hot water, charging, and sanitation boxes for
workers [30]. “When we see a sign for a rest stop, we all come in and sit down”. Park
maintenance worker Aunt Xu said, “You can store tools here and there are all kinds of
services. It’s very sweet. Now a lot of people are very caring for us. It is so warm for me”.
The transformation actions and strategies of nucleic acid sampling booths in Suzhou have
shown a kind of warm cultural feelings in every corner of the city. According to local
conditions, it maximizes the utilization of abandoned urban resources, saves resources
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and makes the best use of materials. The reconstructed nucleic acid sampling booths are
distributed in various places of Xiangcheng, creating great value. In the Rest Station,
workers can enjoy a moment of peace and joy outside of working hours. It is like a
home for workers during working hours. Every worker is welcome to take a rest at any
time. At the same time, after getting a high-quality rest, it can also improve the working
efficiency of workers and reduce the unnecessary consumption of extra working time
[31]. In the process of transformation and redesign of nucleic acid sampling booths,
designers should pay more attention to the practicability, functionality, controllability,
implementability and recyclability of products. In the external and internal space should
also be the main visual design, can let people identify. “When we see a sign for a rest
stop…” means that people can recognize the renovation pavilion through the concrete
symbol. The function of the external space should be emphasized. In the function of the
internal space also want to do see can be used, simple and practical (Fig. 4).

Fig. 4. Transformation and Redesign of Rest Station for Workers.

4.4 Transformation and Redesign of People’s Life Liaison Station

Around some residential areas of the city, nucleic acid sampling booths have been trans-
formed into People’s Life Liaison Station. It is used to collect feedback, opinions and
suggestions from themasses to help solve the vital interests of the people and the people’s
livelihood. In someplaces of lackingdelivery cabinets, nucleic acid samplingbooths have
been transformed into “Delivery Stations” to provide temporary storage for community
residents’ online shopping. Shang Xiangke, deputy head of the publicity department of
Sangseong District Party Committee, said the transformation of nucleic acid sampling
booths follows the principle of adapting to local conditions and making the best use of
materials. “At present, our civilized post includes 11 functions, such as learning from
Lei Feng volunteer post, Love Supply Station, Rest Station and Health House and so on.
Based on the actual situation of different nucleic acid sampling booths, such as the area
and material, and based on the needs of the masses, relevant functional combinations
will be selected for transformation, and other functions will be explored and expanded in
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accordance with the actual situation”. It can be concluded that according to the cultural
characteristics, living habits, social communication and emotional needs of community
residents, nucleic acid sampling booths should be transformed and redesigned in terms
of function, operation, safety, convenience, interaction and practicality. This makes the
function and function of nucleic acid sampling booths have infinite daydream. People
can think of it as a light, mobile, small urban space for the convenience of the city and the
community. In this space, the transformation and reuse of different forms and functions
can be carried out to enrich the daily work and life experience, solve and expand the
complex social problems of the city and the way of resource utilization (Fig. 5).

Fig. 5. Transformation and Redesign of People’s Life Liaison Station.

4.5 Transformation and Redesign of Spring Festival Goods Stall

The Spring Festival Goods Stall is an example of nucleic acid sampling booth trans-
formation and redesign with cultural integration [32]. In the theme activity of the New
Year Market in Nanmen Business Circle, 30 nucleic acid sampling booths were trans-
formed into Spring Festival Goods Stall, which were displayed on the west sidewalks
of Dongdajie and at the gate of Panmen Scenic Spot. Culture can be divided into three
levels: spiritual culture in metaphysics, living culture in action, and physical material
culture [33]. In 2003, Leong proposed the three-layer theory of cultural product design:
external level, intermediate level and internal level, which respectively represent tangi-
ble material, behavior and customs, and intangible spiritual ideology [34]. The nucleic
acid sampling booth was transformed into a Spring Festival Goods Stall and provided
free of charge to the enterprises and merchants around the South Gate business Circle
as the Spring Festival Goods Stall. This practice not only provides convenience for the
surrounding old residents to buy Spring Festival goods, but also promotes the consump-
tion of enterprises and merchants to set off a jubilant festival atmosphere. The Spring
Festival Goods Stall activities are divided into five themes: agricultural and sideline
products, trade promotion, catering and Spring Festival goods crafts, and cultural and
creative publicity. In the market, you can buy Spring Festival goods and feel the cultural
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characteristics and festive atmosphere of the local city and residents. The Spring Festival
Goods Stall provides a reference for the design method and creation mode of multilevel
creative play for the transformation of nucleic acid sampling booth, and also contributes
to the practical experience of cultural level design and transformation of nucleic acid
sampling booth. In cultural transformation and redesign, designers pay attention to the
cultural component, story and artistic value, as well as the viewer or user’s interpre-
tive ability or creative behavior [35]. Through the material carrier, culture is displayed
in the important cultural festivals of residents, affecting the cultural breadth and depth
of experiencers and consumers, deepening the connotation of spiritual civilization, and
influencing the emotions and cognition of residents, which plays a role in integrating
into the local material life and cultural characteristics [36] (Fig. 6).

Fig. 6. Transformation and Redesign of Spring Festival Goods Stall.

4.6 Transformation and Redesign of Nucleic Acid Sampling Booths in Shenzhen
Villages and Communities

For a long time, urban villages have been regarded by some people as a synonym
for chaos, disorder and clutter. Often listed as the object of urban rectification, but
in the transformation again and again to maintain strong vitality, in the city’s steel forest
between roots and continuation. It not only breaks away from the interpersonal relation-
ship and production mode embedded in the traditional rural society, but also maintains
a separate area from the modern city, showing a possibility of transcending the dual
opposition between city and township. Facts have proved that urban villages, as a kind
of production and living space, have not been forgotten in the tide of urban governance
and reconstruction and thus become a footnote in the process of urbanization. Instead,
they are gradually perceived, experienced and remembered by the public and become an
important symbol of urban history, humanity and culture and the accumulation of charm
[37].
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Primary care and health service stations are themost basicmedical and health service
institutions and plays an important role in the development of Chinese health undertak-
ings. In its construction,we should not only pay attention to the improvement of hardware
facilities, but also pay attention to the improvement of interaction and working environ-
ment. As an important part of the construction of community health service station,
the design of convenient-medical station not only needs to consider the functionality,
aesthetics, practicability and efficiency of the design, but also needs to pay attention to
its visual-psychological rationality and interactive experience [38]. The transformation,
redesign and high-quality development of nucleic acid sampling booths are promoted
through transformation and design innovation, which also drives the continuous progress
of the design itself from concept to method to realization method. However, economic
cost, practical situation and insufficient design ability are still the bottleneck problems
affecting the transformation and upgrading of design and manufacturing industry [39].
The transformation design of nucleic acid sampling booths to convenient-medical sta-
tions requires relatively high medical conditions and construction standards. The trans-
formation of Funan Shekang mobile fever clinic into convenient-medical station meets
the urgent needs of community rapid transformation, rapid operation and community
medical treatment at the present stage.

In FunanCommunity, Futian Street, FutianDistrict, Shenzhen,GuangdongProvince,
an idle nucleic acid sampling booth has been transformed into a Fever Clinic to treat
patients from nearby communities. According to Chen Biqin, director of Funan Social
Health Center, since December 12, Funan Social Health took the lead in transforming the
partially discontinued nucleic acid sampling booth into a Fever Clinic. The community
is relatively small. The Fever Clinic is only 4 square meters in size, equipped with
lifting and mobile deployment, as well as air conditioning, disinfection equipment and
medicine, positive pressure ventilation system and other electrical equipment. The Fever
Clinic can accommodate both a doctor and a patient for one-to-one treatment, as well as
taking medicines home nearby, and currently each doctor sees more than 160 patients a
day. However, there are also some problems in the first batch of Fever Clinic, such as poor
working environment for doctors, small space, unclear medical process information and
rough texture. The modification of nucleic acid sampling booth in Funan Community,
Futian Street, FutianDistrict, ShenzhenCity, Guangdong Provincewas discussed. In this
study, the transformation and design of nucleic acid sampling booth were optimized in
combination with the aforementioned case study and the actual needs of the community,
aiming to explore the transformation of nucleic acid sampling booth towards the direction
of high quality, heavy experience, high quality and demand solution. At present, the
nucleic acid sampling kiosk idle to be transformed has the following four advantages:
(1) it is convenient for the public; (2) Friendly medical care; (3) the distribution point is
more; (4) light and reusable. On the other hand, there are the following disadvantages: (1)
simple facilities, rough reconstruction work, poor product experience; (2) the epidemic
customization, one-time fixed investment is high, late use is difficult and high cost; (3)
lack of systematic and complete information and interactive process [40] (Figs. 7 and
8).
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Fig. 7. Nucleic acid sampling booth – convenient-medical station renovation design.

Fig. 8. Functional area of Convenient-Medical Station (top view).

The transformation of nucleic acid sampling booth into a convenient medical station
in Funan Community, Futian Subdistrict, Futian District, Shenzhen has the following
six characteristics:

1. The community medical system, social health centers and existing medical stations
are complementary to build a multi-level and multi-echelon hierarchical diagnosis
and treatment service system for fever, so as to better cope with the risk of regular
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community epidemics and daily serious and serious diseases, and provide better health
protection for community residents.

2. Antibacterial system. Convenient-Medical Station installed good antibacterial sys-
tem. The positive pressure fresh air system can realize stepless speed regulation
through the chip control EC fan, keeping the air pressure in the convenience medical
station always higher than the outside 30 pa, effectively preventing the outside air
flow in, and ensuring the safety of the doctor. At the same time, the system is equipped
with a real-time pressure digital display device, which can automatically alarm the
abnormal pressure with sound and light. G4+H14 dual filtration system is adopted
in the workstation, which can ensure the filtration efficiency of 0.3 µm particles is
99.999% and effectively isolate external viral aerosols.

3. Health and safety system. The filter system can also realize intelligent detection of the
filter element life. When the filter element needs to be replaced, the automatic alarm
can give a warning. In order to ensure the cleanliness and safety of the cabin, the
convenient medical station is also equipped with a UV sterilizing device for timing
sterilizing, and the device has the function of delay opening, which can leave enough
time for medical staff. The station is equipped with infrared human sense protection
system module, which can automatically turn off the kill function when the human
body enters, to protect medical staff from ultraviolet radiation damage [41].

4. Full range of medical services. The convenience medical station has systematically
optimized the internal space and overall pattern and can provide one-stop medical
services for community residents. The whole medical process of diagnosis and treat-
ment, prescription, code scanning, payment and medicine distribution can be com-
pleted within the community, so as to improve the convenience of medical treatment
for community residents with fever.

5. Human experience. In the functional transformation of the pursuit of efficiency, while
humanization. Compared with the traditional clinic, the convenient medical station
has the characteristics of small scale, full function, standardization, intelligence and
easy construction. The community residents can go to experience and operate and can
also call for help in time through the one-button call button, reducing the operation
cost.

6. Reasonable color tone. Behavior is adjusted with the change of the environment
[42]. Based on people’s cognition of “water” and “ice”, blue is classified as the cool
color system, which is further extended to the psychological feelings of “indiffer-
ence”, “calm” and “cold”. In view of this universal color psychology, in the design
of convenient medical station, the appropriate choice of blue green between cool and
warm colors as the theme color of transformation, is conducive to the development
of community patients’ mental health. According to Kandinsky, green has a “human,
self-satisfied peace, which has a solemn, supernatural infinite mystery”. The psycho-
logical expression of green caters to the psychological needs of patients. Therefore, in
the outdoor and indoor space design of convenience medical station, green plants that
are harmless to human body can also be used to decorate, and plants full of vitality
and soft appearance can also give people positive guidance, healthy and upward hint
[38].
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5 Conclusion

With the changes of epidemic policies, more and more cities and communities have
transformed a large number of idle nucleic acid sampling booths in order to reduce
the waste of social resources. Through the above research, it can be concluded that the
nucleic acid sampling booths can provide transformation and adaptive-functional ser-
vices according to the needs of communities and residents. Taking Funan Community,
Futian Street, Futian District, Shenzhen as an example, the convenient-medical station
designed by optimizing the fever clinic transformed from a nucleic acid sampling booth.
The transformation and redesign of a large number of idle nucleic acid sampling booths
into convenient-medical stations have enabled communities which are far away from
urban infirmaries and hospitals to obtain timely medical services and emergency treat-
ment. The transformation and redesign of the nucleic acid sampling booths can provide
first aid and medical services for the elderly, if it is transformed into medical service
stations for the elderly. The prefabricated and modularized convenient-medical stations
have the characteristics of small scale, complete functions, standardization, intelligence,
reuse, less operation and easy construction. The practices of transformation and redesign
are important measures of reform and innovation from the supply side of service facili-
ties. The primary care environment extends from urban hospitals to communities, from
indoors to outdoors. it is suitable for the construction of various urbanization processes
such as urban blocks, communities, and tourist attractions. Through the above mea-
sures, we will build a foundation and provide guarantees for the construction of primary
care and residents’ health and play a certain role in the high-quality development of
community medical care and health and the improvement of the happiness index of
residents.

This study transformed and redesigned the nucleic acid sampling booth into a
convenient-medical station based on previous transformation cases and design expe-
rience. How to transform and redesign the abandoned nucleic acid sampling booths to
better serve communities and residents can not only save resources, avoid waste, but
also meet the needs of community life through design, which is an important research
topic.
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Abstract. Engaging in enjoyable activities with intimate persons have
positive effects on both the physical and mental states of a person. For
instance, co-eating or chatting with family members or friends tends
to elicit positive emotions and feelings. This research aims to analyze
the effects of recalling enjoyable experiences, and to gain insights into
developing methods for effectively reproducing positive internal state.
For this purpose, we conducted preliminary experiments in which original
activities were recorded by videos and a heartbeat monitor, and these
videos were presented to some participants after a certain number of days
with facial expressions and heartbeats measured in the same ways as the
original activities. The results show that facial expressions and heart
rate features effectively characterize the internal states in the original
experiences and when reviewing the recordings. Moreover, the results
suggest that there are conditions for evoking internal states similar to
the original experiences.

Keywords: reproduction of internal states · video recall · heart rate ·
smile

1 Introduction

When we look at photos or videos of our activities with friends or intimate people,
we typically feel happy and at peace. The effect is presumably provided by the
mechanism by which recall of our experiences significantly induces our emotions
and feelings. This research focuses on measuring the effects of the mechanism;
to what extent can videos or photos can evoke what types of effects.

This research is motivated by severe social demands for monitoring and pre-
serving mental health from depression, isolation, frail, etc. Reminiscence therapy,
one of the dementia treatments, utilizes the effects of early recollection of mem-
ories [1]. It aims to improve psychological well-being by retrieving self-efficacy,
self-esteem, and the importance of existence by recollecting the early days, typ-
ically days at a young age.
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One type of the activities we are focusing on is “eating with intimate people,”
i.e., co-cooking or co-eating. These activities undoubtedly benefit our mental
health, not only during the time of activities but also when we reflect on these
experiences. Thus, we can anticipate that providing photos or videos records of
those activities will have a positive impact.

To analyze those effects, first, we need to measure the internal states both
during actual experiences and when recalling them, and then analyze the recalled
experiments by comparing the measuring results. For this purpose, we use facial
expressions and heartbeats, and confirm the conditions for good effects. Second,
we need to determine which portions of the records are more effective to draw
good response, i.e., good internal states [3] as stated in episodic memory recall
[2]. With these analyses, we can effectively design the use of activity records.

As preliminary experiments, we recorded chatting, co-cooking and co-eating
activities and reviewed and analyzed the effects. Thorough experiments, we
obtained good clues that support the above framework of inducing good inter-
nal states, and obtained some ideas for conditions under which this mechanism
works effectively.

2 Activity and Internal States

2.1 Enjoyable Activities

We focus on the activities of chatting, cooking, and eating with intimate per-
sons. We have an enjoyable time chatting and eating special meals together at
Christmas time, the new year’s day, and other festival seasons. Memories of
those experiences are typically recalled triggered by similar dishes or photos,
and we retrieve a happy feeling at those activities. This suggests that watching
or hearing enough records of those activities would induce good internal states.
Hereafter, this process of watching to recall experiences will be referred as the
“reviewing process.”

To use review processes, we need to consider negative conditions that those
records do not provide good effects, e.g., photos or videos are less stimulus and
boring, or sometimes even embarrassing. We also need to consider the situation
in which a person does not have enough time to watch the records. Considering
those backgrounds, we investigated which part of activities (records) cause good
effects to the internal states.

2.2 Relationship of Internal States Between Original Expedience
and Reviewing Process

We focus on positive internal states, e.g., happy, pleased, delighted, etc. that are
most desirable emotions for maintaining mental well-being. Hereafter, we rep-
resent them by “positive state”. This positive state can be specified by positive
valence, and the rightmost area in Russel’s circumplex model [4] may represent
this state. This area typically causes facial expressions such as smiling, which is
occasionally superseded by laughing.
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The area does not correspond to a high arousal value in the circumplex, which
means that the sympathetic nervous system is not highly active, and that the
parasympathetic nervous system is more active than it. This state is considered
free from severe stress and strain, and is rather related to a relax mood or feeling.
The state is partially measured by heart rate features.

From the above consideration, we employed smile ranking through activities
and a video-reviewing process. Smile is easily recognized by humans and pos-
sibly by computer vision. We first attempted human rating; however, we are
considering automatic smile rating in the future [6,7]. The other measurement
is on the heartbeat. Some feature indices of heartbeat e.g., LF/HF, SDNN, and
RMSSD, are closely related to the activation of the sympathetic nervous and the
parasympathetic nervous systems. The heart rate features are supposed to pro-
vide supplemental information to smile ranking by the estimation of a stressed
or relaxed state.

The following important points should be clarified:

– How can we reliably measure positive states using facial expressions and heart
rate features?

– What are the internal state relationships between the original experience and
the reviewing process?

– What are the individual differences among the participants?
– How does the reviewing condition (including the internal state) affect the

reviewing results?
– How long does the effect last?

Each of the above points includes a variety of factors, and we first deal with the
first and second points in this article.

3 Measurements

We record the states of the participants using videos and a heart rate monitor
during original activities and reviewing processes.

3.1 Recording Method

For video recording, we mainly use omnidirectional cameras (GoProMAX) to
capture the faces of the participants and important objects such as dish and
drink, as shown in Fig. 1(a). If necessary, two or more cameras were placed
to capture the faces of the participants and environments. Speeches and other
important sounds are recorded and included in the videos. Figure 1(b) shows the
recording method for video reviewing. An omnidirectional camera is placed to
capture the face of the participant and video content.

Heartbeats are recorded using wearable heart rate monitors (myBeat WHS-
1) during both the original activities and reviewing processes. These sensors
(monitors) also record acceleration in three dimensions, which is used for data
synchronization with the video data1.
1 The wearing participant jumps while being captured by the video.
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Fig. 1. (a) Original activity and video capturing. Omnidirectional camera(s) is placed
to capture the faces of the participants and the environment. (b) Video-reviewing
process. Omnidirectional camera(s) is placed to capture the face of the participant and
the video monitor.

Fig. 2. Example of smile rating. Facial expressions are classified −1 (negative), 0 (neu-
tral) to 5 (smile with the highest intensity)

3.2 Smile Index

Facial expressions in reviewing video records potentially represent the internal
states [5]. For this purpose, a human rater scores facial expressions every second
ranging from ?1 to 5, with “0” representing neutral, “5” representing the maxi-
mum smile, and ?1 representing negative. Figure 2 shows sample images of facial
expressions.

The rating was done by a single person in the following experiments; how-
ever, multiple raters will be preferable for future experiments [6,7]. In the current
experiments, we do not detect and remove fake smiles, and this is left for future
work. Rating results are processed by moving averages to reduce the effects of
fluctuations and quantization errors. We use the resultant sequence of the aver-
aged ranks as “smile-index,” To analyze the relationships of two facial expres-
sion sequences, e.g., person A and B, we calculated the correlation between two
sequences of facial expression changes for 10 s.

3.3 Heart Rate Variability

RRI (interval between R waves) has been intensively analyzed. The high-
frequency component of RRI (HF) is mainly related to the parasympathetic
nervous systems; the low-frequency component of RRI (LF) is related to both
the sympathetic and parasympathetic nervous systems. However, because RRI
is significantly affected by body movements and other artifacts, LF/HF is com-
monly used as an index of the activation of the parasympathetic nervous system.
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Fig. 3. Sample of heartrate variability (SDNN, RMSSD, r-index (=SDNN/RMSSD))

Thus, a smaller LF/HF value suggests a relaxed mental state, and a larger value
suggests a stressed or strained internal state.

LF and HF are indices in the frequency domain, which cannot be reliably
calculated in a short period. Alternatively, SDNN and RMSSD are frequently
used as indices that are tightly related to the activation of the sympathetic and
parasympathetic nervous systems [8,9]. They are calculated as follows.

SDNN =

√∑N
i=1(Ii − Ĩ)2

N
(1)

RMSSD =

√∑N
i=2(Ii − Ii−1)2

N − 1
(2)

where Ii represents the i-th RRI of heartbeat, and Ĩ represents the average of
RRIs.

RMSSD is considered the index of the superiority of the parasympathetic
nervous system to the sympathetic nervous system, which may correspond to
the HF element. SDNN is related to the activation of both nervous systems.
These indices are also significantly affected by body movements, postures, and
speaking acts. The ratio of SDNN and RMSSD (SDNN/RMSSD) is devised to
cancel those artifacts by dividing SDNN by RMSSD, both of which values are
increased by body movements [10,11]. Hereafter, we represent the ratio as “r-
index” (r = SDNN/RMSSD).

It is common to calculate SDNN and RMSSD for 3- to 5-min epochs, and
the person being measured is typically requested to stay still (at rest) during
the measurement. Our purpose is to measure the internal states of a person
while he/she is engaged in activities, such as chatting, cooking, and eating. The
internal state in such situations is expected to change more quickly than the
above resting case. To deal with this condition, we calculate these indices every
30-s epoch. Figure 3 shows a sample in our experiments. SDNN, RMSSD, and
r-index (=SDNN/RMSSD) changed based on both body motions and internal
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Table 1. The idea of categorizing internal states by facial expression and heart rate
features. P denotes “positive,” R denotes “relaxed,” S denotes “stressed,” m denotes
“possible effects of movement,” and ∗ denotes “uncertain,” that is, “cannot be esti-
mated.”

smile-index small r-index large r-index

large SDNN small SDNN large SDNN small SDNN

large smile-index P ⊕ Rm P ⊕ R P ⊕ m P ⊕ S

small smile-index ∗ ⊕ Rm ∗ ⊕ R ∗ ⊕ m ∗ ⊕ S

states, and this does not show unacceptable fluctuations. We intensively analyze
the proper use of the measurement of these indices in a short epoch such as a
30-s epoch.

3.4 Analysis Using Two Modalities

We analyze videos and heartbeats that are simultaneously recorded in the origi-
nal activities and their reviewing processes. The meaning of heart rate indices is
partially deduced from video recordings by examining motion and speech con-
ditions.

Considering the characteristics of each feature index, we have following clas-
sification of internal states as shown in Table 1

– Large smile-index represents positive internal states. However, it does not
always express relaxed states. We need to assess heart rate features to clarify
it.

– Low r-index suggests relaxed internal states.
– If the r-index is large, we need to check the SDNN value. If the SDNN value

is large, we assume that this portion expresses body movements and does not
provide clues for a stressed or relaxed state. If the SDNN value is small, it
suggests a stressed internal state.

We can use SDNN as a representative of SDNN and RMSSD because both
simultaneously become large with body movements. If the SDNN (or RMSSD)
value is small, it implies small and negligible body movements. Consequently, a
state with a large r-index and small SDNN is considered stressed or strained.
In contrast, a state with a large r-index and SDNN does not provide clues for
either a stressed or relaxed state, because a large SDNN does not necessarily
mean body movements. It is assumed that a small r-index value represents a low
LF/HF index and indicate relaxed rather than stressed states.

Hereafter, the feature values f of the i-th participant in the original expe-
rience and a reviewing process are denoted as fo

i (t) and fr
i (t), respectively. t

represents the timeline of the original experience and its record. f can be smile-
index (Si), r-index (Ri), SDNN, RMSSD, etc. f̃o

i�=k(t) represents average of fo

for all participants, except the k-th participant.



528 K. Obata et al.

Fig. 4. Experiment 1: chatting with an intimate friend

Fig. 5. Smile-index changes in experiment 1

4 Preliminary Experiments

4.1 Recorded Activities

We recorded the following activities.

Experiment 1. Figure 4 shows sample images of the activity of chatting with
an intimate friend. We did not notice any significant body movements, such
as standing up or walking, from the participants while they sat in front of the
table. One participant wore a heart rate monitor. The length of chatting was
approximately 25 min. The reviewing process was done by one of the participants
alone without communicating with others, as shown in Fig. 1(b). The reviewing
process was performed 3 weeks after the original activity.

Experiment 2. Four participants in the same office cooked pancakes together,
as shown in Fig. 1(a). Throughout the activity, they chatted, cooked, and ate
pancakes, the effects of which were recorded. Each participant wore a heart rate
monitor. Two of the participants reviewed the video recording. The reviewing
process was performed approximately 5 weeks after the original activity. All
reviewing processes were performed by one participant alone without communi-
cating with others.

4.2 Smile and Heart Rate Features

First, we show the measurement results and the analysis results of the original
activities. The upper row of Fig. 5 shows smile-index changes through Experi-
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Fig. 6. Smile-index changes in experiment 2

Fig. 7. Smile-index changes during the reviewing process in Experiment 1

ment 1. As shown in the figure, the smile-indices of both participants are rel-
atively high on average, and peaks intermittently appeared. The correlation
between the smile-indices of the two participants throughout the experiment
is approximately 0.6, as described in the lower row of Fig. 5. It is mostly posi-
tive, which implies that the chatting activity was fun for both participants and
that they felt sympathy.

The upper row of Fig. 6 shows smile-index changes through Experiment 2.
Similar to Experiment 1, smile-index peaks appear intermittently; however, the
intensity is relatively low compared with Experiment 1. The lower row of Fig. 6
shows detailed correlation between participants. The correlation shows more
complicated changes in which negative values frequently appeared, presumably
due to sophisticated communications among four participants while attention
was frequently paid to the cooking tasks such as success or failure of each process.

Figure 7 shows the smile-index during the reviewing process in Experiment
1. In the original activity, body motions significantly affected the indices; how-
ever, in a reviewing process, body movements are negligible, and the indices are
expected to represent mostly internal states. The lower row of the figure depicts
the correlation to the original activity. Mostly, similar facial expressions appeared
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Fig. 8. Smile-index changes during the reviewing processes in Experiment 2

as the original activity even though some portions have a lower correlation, and
the reason for this is discussed below.

Figure 8 shows the smile-index during the reviewing process in Experiment
2. The baseline of the intensity is stable and lower than that of the original
activity, especially for participant 2; however, there are some significant peaks
almost aligned with the peaks of the original activities.

Figure 9 and 10 show the heart rate features through Experiments 1 and 2.
The figures show that SDNN and RMSSD have almost the same trend and peak
positions, with a correlation of approximately 0.9. This supports the above dis-
cussion in Sect. 3.4 that we can use either of them to detect trends and peaks.
Different from those indices, r-index has a lower baseline and intermittent spikes
that suggest the activation of the sympathetic nervous system. In the experi-
ments, many of those peaks correspond to situations with significant body move-
ments or intensive chatting.

Each SDNN, RMSSD, and r-index correlation between participants is low,
with the majority of them being close to zero. Examples of details are shown
in Fig. 9(b) and Fig. 10(b). Positive and negative portions alternated, implying
that raw heart rate features are not systematically synchronized.
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Fig. 9. Heart rate features in Experiment 1

4.3 Relationship Between the Original and Reviewing

Before discussing the relationships, we first categorize the situations in the orig-
inal activities. The following are four typical situations that cause peaks (local
maxima) of smile-index or local extrema of r-index.

Suppose that we are focusing on one participant, denoted by X, and others
are denoted by Yi.

(A) body movements or discussion of Yi created a lively mood
(B) body movements or discussion of X created a lively mood
(C) body movements or discussion of X and one or more Yi created a lively

mood
(D) body movements or discussion of X or Yi had no significant effect on mood

As shown in the above examples, smile-index peaks in the original activi-
ties typically resulted in smile-index peaks in a reviewing process. Generally,
smile-index has a significant correlation between the Original experience and
a reviewing process, that is, denoted as correlation(Sioi , Si

r
i ). The lower parts

of Fig. 5 and Fig. 6 show examples. Correlation between self smile-index in the
original experience and that in a reviewing process (correlation(Sioi , Siri ) =
0.59 in Fig. 5 case) is slightly higher than the correlation to other members
(correlation(Siok �=i, Si

r
i ) = 0.42 in Fig. 5 case). This suggests that smile repro-

duction strongly depends on the self internal states of the original experiment
rather than the atmosphere in the original experiment.
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Fig. 10. Heart rate features in Experiment 2

More precisely, the above categories (A) and (C) are the most frequent Types,
where larger peaks are reproduced in a reviewing process. Category (B) also
occasionally reproduces smile-index peaks in a reviewing process; however, the
frequency is less, and the peak values are typically lower than those of category
(C). Smile-index peaks in a reviewing process always have corresponding peaks
in the original experiences. We did not observe smile-index peaks without the
corresponding peaks in the original experiences.

Looking at heart rate indices, the correlation between the original and review-
ing process is approximately 0, which is similar to that between participants.
However, some extrema indicating relaxed/stressed states in the original expe-
rience may have induced relaxed/stressed states during a reviewing process, as
indicated by the red/green solid lines on the graph in Fig. 11. These are typical
examples of the above categories (A) and (C) for relaxed states, (D) for stressed
or strained states, or unrelated to positive internal states. Counter samples that
do not follow this idea are at the dotted orange lines in the same graph, and the
situation corresponds to (B). This is probably because watching the participant’s
behaviors objectively is sometimes embarrassing, which may cause stress. One of
the participants introspected that he/she felt embarrassed in watching his/her
big smiles/laughs. In this regard, when one participant’s behaviors amused the
others, the person and others may exhibit different trends. For example, the per-
son has a higher r-index (stressed or strained), whereas the others have a lower
r-index (relaxed).
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Fig. 11. Relationship on internal states between the original experience and a reviewing
process in (a) Experiment 1 and (b) Experiment 2 (Color figure online)

Next, let us consider the mutual relationships between facial expressions and
heart rate features. The red solid lines in Fig. 11 correspond to P ⊕ R(m), and
the green solid lines correspond to ∗⊕S given in Table 1. If those conditions are
satisfied, the same internal states tend to be induced, as demonstrated in the
example. The orange solid lines represent P ⊕S, which correspond to the above
categories (B) or (C) in which the participant’s actions elicited a positive mood
and smiles. In such cases, smiles may also appear, but they tend to be weaker
than in the typical cases of (C).

The orange dotted lines represent P ⊕ m. Although smiles may appear in a
reviewing process of such portions, smiles tend to be significantly weaker, and
internal states show stressed states such as P ⊕ S or ∗ ⊕ S. Most of these types
correspond to the cases that we already discussed in the above cases, that is, the
participant was slightly embarrassed. Another possibility is that the participant
recalled the sophisticated situations, e.g., the participant pretended to smile (a
wry smile) a little bit in the original experiment.

In addition, intense smiles frequently occur (P ⊕Rm) just after some stressed
situations in which r-index is relatively high (∗ ⊕ S). This can be also a good
clue to finding portions that reproduce positive internal states.
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5 Conclusion

In this article, we investigated the effects of recordings of enjoyable experiences
to reproduce positive internal states. For the analyses, we recorded the chatting,
co-cooking, and co-eating activities of participants and measured their smiles
and heart rate features. Through our preliminary experiments, the smile-index
correlation between the original activity and a reviewing process was kept rela-
tively high, and parts with intense smiles in a reviewing process were frequently
accompanied by relaxed internal states.

These experiments are still preliminary, and most of the analyses are only
qualitative. We need a systematic investigation for quantitative analysis. With
a more systematic understanding of the effects of reviewing processes, we can
expect those effects for therapy, QOL monitoring, etc.
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Abstract. The study explores the problem of mobile phone addiction in sleep
scenarios and analyzes the possibility of designing interventions to address the
problem of mobile phone addiction. Literature research, case studies, question-
naire research and mass media research are used to explore how to mitigate the
negative effects of mobile phone addiction on sleep from a design perspective.
Based on relevant research in the field of behavioral interventions, a strategy for
applying active intervention operationalization to design interventions for mobile
phone addiction in sleep scenarios is proposed. Based on this strategy, a night
light is designed to stop users’ excessive use of mobile phones in sleep scenes. In
conclusion, this study has a certain reference value and guidance for future design
in this field.

Keywords: Mobile Phone Addiction · Anti-addiction · Product Design ·
Self-regulation

1 Introduction

With the rapid development of information technology, mobile phones have become an
important part of life. According to the 50th Statistical Report on the Development of
the Internet in China, as of June 2022, the number of Internet users in China was 1.051
billion, and the Internet penetration rate reached 74.4%. From daily social interaction
to leisure and entertainment, from transportation to information access, mobile phones
have become the link between humans and the world, delivering a constant stream of
information and exciting pleasure.

At the same time, more and more people are spending more and more time on their
mobile phones than they can control, leading to addictive dependency. Mobile phone
addiction is becoming aworldwide phenomenon [1], and its adverse effects have attracted
the attention of many researchers. Studies have shown that mobile phone addiction
can have a negative impact on an individual’s academic performance and interpersonal
relationships, and is closely linked to lower life satisfaction and psychological problems
such as anxiety, depression and even suicidal ideation [2–4]. In addition, mobile phone
addiction also has a serious impact on sleep quality and sleep status, especially in young
people, causing sleep delay or other negative effects on physical and mental health [5].
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2 Literature Review

2.1 Overview of Mobile Phone Addiction

As for the criteria for judging mobile phone addiction, foreign scholars tend to judge
mobile phone addiction from two perspectives: excessive use (including time and fre-
quency of use) and post-use reactions (i.e., psychological, physiological and social rela-
tionships), while domestic scholars rely on the criteria for judging behavioral addiction
and prefer mobile phone addiction as a psychological disease. In other words, at present,
domestic and foreign scholars do not have a unified standard of judgment [6]. In this
paper, cell phone addiction is defined as a person who has difficulty controlling his or
her own behavior and is excessively dependent on mobile phones, with a continuous and
strong sense of craving and dependence on mobile phones, which has a certain negative
impact on the user’s physiological, psychological and social behaviors, and when he
or she cannot use the mobile phone normally, he or she will have emotional addictive
behaviors such as anxiety, irritability and breakdown.

Mobile phone addiction has four characteristics: (1) excessive use, long time and
high frequency of use; (2) withdrawal avoidance, using mobile phone as a refuge and
difficult to use appropriately; (3) impaired function, difficult to control behavior, damage
to physical and mental health, anxiety and sense of loss, and behavioral disorders; (4)
tolerance, uncontrollable craving for Internet access, and in an obsessive state [7].

State of Addiction. In terms of academic and work performance, there is a lack of con-
centration, reduced thinking ability, and an aversion to school or work, which adversely
affect school or work; in terms of physiological health, playing mobile phones for a long
time is likely to cause somatic discomfort, such as tinnitus, eye strain, headache, spinal
disease and other health problems, and sleep disorder is one of the common symptoms of
mobile phone addicts [8]; In terms of mental health, less contact with social Insufficient
emotional needs can lead to poor interpersonal relationships, easily generate feelings
of loneliness and emptiness, experience less access and lower value, easily generate
low self-esteem, and increase stress due to staying awake for long periods of time, thus
promoting the generation of psychological problems such as depression [9]. That is, cell
phone addiction promotes the generation of psychological problems such as depression,
anxiety, loneliness, and irritability [10]; in terms of social functioning, cell phone addicts
are more likely to have cognitive biases, procrastination, inattention, and behavioral exe-
cution problems [11]. In real life, they show more low self-esteem, fear of socializing,
and are also prone to adverse situations such as deteriorating interpersonal relationships
[12].

2.2 Causes of Addiction

Mobile phone addiction is mainly related to two aspects: individual characteristics and
environmental characteristics. Individual characteristics include self-control ability, per-
sonality traits, psychological needs, etc. Research shows that poor self-control is more
likely to become addicted; low self-esteem, low self-esteem, sensitivity and introversion
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are more likely to become addicted to mobile phones; users have needs for informa-
tion acquisition, entertainment, communication, emotional affiliation, etc. Environmen-
tal characteristics include family environment, i.e. lack of communication and unmet
emotional needs in the family environment due to fast-paced and stressful life, so they
choose to join the Internet. In terms of social environment, the use of mobile phones
has become common, and the functions of mobile phones are gradually diversifying, so
that consumers can shop, order food, communicate, entertain, study and other aspects
of content on their mobile phones, which leads to an increase in the use of time.

3 Definition of Sleep Procrastination and Related Studies

Sleep procrastination is the failure to go to bed on time and the decision to postpone
bedtime when there are no external factors that interfere with the freedom to schedule
bedtime. Sleep procrastination is associated with self-regulation, mobile phone addic-
tion, stress and compensatory psychology. Studies have found that delayed sleep is more
likely to occur in people with poor self-regulation. Some people who self-regulate too
much during the day because they are busy with work, school or other things may
also become less disciplined about going to sleep on time at night, resulting in sleep
procrastination.

Sleep procrastination is different from common sense procrastination, which refers
to the things that should be done but one does not want to do. People have a neutral or
positive attitude towards sleep and do not hate it per se, but they procrastinate because
they are tempted or disturbed by external things and have no way of stopping for a while,
resulting in a weakened sense of wanting to sleep [13]. Procrastination not only delays
sleep but also affects sleep quality. This is partly because sleep does not occur at the
planned time, i.e. self-regulation fails, and negative emotions such as remorse and guilt
affect sleep quality.

Studies have shown that mobile phones affect sleep quality. The higher the level of
mobile phone addiction or dependence, the worse the quality of sleep. Playing mobile
phone before bedtime, mobile phone will have electronic field and blue light generation,
which has a certain harmful effect on eyes, leading to poor sleep and daytime sleepiness
[14]. Mobile phone content continues to stimulate the brain, making mental activity, not
only affect the time to fall asleep will also cause people to produce excitement, leading
to a decline in sleep quality. Long periods of unconscious playing with mobile phones
can cause confusion in work and rest.

4 How to Intervene the Theoretical Basis of Addiction

As an important cognitive factor, the source of psychological control affects individual
values and behaviors. Meanwhile, the behaviors also continuously strengthen the source
of psychological control, which forms the inherent reaction and specific behavior pattern
after repeated practice verification. According to existing studies, psychological locus
of control, as a personality characteristic of human beings, has certain different effects
on mobile phone addiction in different dimensions: Internal control is negatively cor-
related with mobile phone addiction, and it is negatively correlated with the prominent
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behavior of mobile phone addiction. Mobile phone addiction is positively correlated
with opportunity and influential others in all dimensions, and individuals with external
control tendency of opportunity and influential others are more likely to have mobile
phone addiction tendency. Therefore, the psychological control source can be used as
the theoretical basis for effective intervention of mobile phone addiction [15].

Relevant studies show that the sources of psychological control are divided into
internal control and external control tendencies, which are converted into each other
with the assistance of training or other means. From the perspective of psychological
control, the theory of source of psychological control divides people into two categories:
internal control and external control. People with internal control tendencies are usually
self-aware, able to control their own behavior, and have a positive attitude towards things.
Those with external control tendency are more likely to have a negative attitude when
they are stimulated by external factors. This paper explores the psychological factors of
addiction to mobile phones from the psychological level of those with external control
tendencies, introduces the theory of psychological control source into product design,
and provides the psychological basis and starting point for the design output of mobile
phone addiction users.

Developing a mental model of the target user is fundamental to interaction design.
Based on the basic model of mobile phone anti-addiction interaction design strategy,
starting from the reaction inhibition disorder and planning disorder of mobile phone
addicts, combined with the mental model of mobile phone addicts, a mobile phone anti-
addiction interaction strategy conforming to the cognition of mobile phone addicts is
designed. The designer model is simulated from the perspective of designer through
user research, hoping to approach the mental model of addicted mobile phone users.
As the basis for anti-addiction interaction design of mobile phones, the mental model
of mobile phone addicts is analyzed through user research and market research, and
in-depth analysis is made through psychological control source, and then the mental
model of mobile phone addicted users is constructed.

In the early stage of design, the mental model of mobile phone addicts is fully
studied, so as to get closer to the psychological expectations of mobile phone addicts,
and products with good user experience are designed so that mobile phone addicts can
operate easily and quickly according to their existing cognition.

Anti-addiction interactive design strategy is a series of actions, thinking and choices
in the design process. This strategy is to build the “S-P”model ofmobile phone addiction
prevention on the basis of the mental model of mobile phone addiction. Starting from the
reaction inhibition disorder and planning disorder of mobile phone addicts, combined
with the mental model of mobile phone addicts, an interactive strategy of mobile phone
addiction prevention is designed in line with the cognition of mobile phone addiction
[16].
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5 Design Intervention Advantage

5.1 Sleep Delay and Self-regulation

Self-regulation refers to an individual’s ability to flexibly plan, direct, and monitor per-
sonal behavior to achieve goals, and to consciously and actively adjust their motivation
and behavior to achieve their desired goals over time and in response to changing cir-
cumstances. Self-regulation is an important influence on procrastination. Most studies
have focused on the relationship between students’ mobile phone addiction and college
students’ academic procrastination or procrastination in general, and concluded that
mobile phone addiction positively predicts irrational procrastination. Based on the self-
regulatory resource theory, individualswho consumemore self-regulatory resources dur-
ing the day and lack sufficient resources to resist late sleep behavior fail to self-regulate
and experience sleep procrastination.

The study found that a proportion of subjects who tended to delay sleep hoped to go
to bed on time, but did not. Evidence that sleeping procrastinators may experience diffi-
culties in translating sleep intention into behavior. From the time-limited self-regulation
theory hypothesis, time, behavioral dominance and self-regulatory ability all have an
effect on sleep procrastination behavior. When the self-regulation theory fails, external
help or intervention is needed to enter sleep when the sleep intention played becomes
weaker or loses its effect.

5.2 Behavior-Change Strategies

The main advantage of behavioral design can be the implicit incorporation of interven-
tions into artifacts, reducing the likelihood of conscious recognition and the possibility
of negating awareness of the intended effect. Contrast this with persuasive design’s usual
focus on positive, technically facilitative strategies in which interventions are offered to
users that drive counterproductive effects. Behavioral design aims at automatic response,
eliminating possible counterproductive effects through implicit effects, while preserving
freedom of choice [17]. Behavior can be described as: antecedent (trigger) > behavior
> consequence (outcome). Design interventions can target: conscious and unconscious
thought systems based on dual process theory.

Basedon the abovebackground, the general information strategy is brokendown into:
pure information strategy and positive motivation strategy. Pure information emphasizes
awareness of the problem, and how future behavior will affect this. Positive motivation
encourages people to perform specific actions. Both types emphasize freedom of choice.
The key to implicit intervention is that both information and positive motivation can be
achieved through physical cues, such as pictures, objects, or written materials. Cues
change the context and background of the behavior and provide a trigger for change.
Cues can be delivered in a variety of ways and can be formulated for conscious or
unconscious decision making.

This illustrates the different routes available in designing behavior change. Each rout
highlights a different strategy, as well as different behavioral (antecedent-consequence)
and cognitive goals (conscious-unconscious). These can be further modified by the way
influence is exerted versus the type of artifact used. Thus, behavior change design poses
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a multidimensional problem that contains many interactive elements that are also culture
and context dependent.

5.3 Application of Behavioral Intervention Design Strategies

Abrief behavioral sleep intervention trial showed that ADHD symptoms, behavior, daily
functioning, quality of life, and working memory were effectively improved six months
after a randomized intervention for sleep onset moments [18]. It was found that a sig-
nificant proportion of subjects with a tendency to delay sleep time subjectively wanted
to fall asleep on time. From the time-limited self-regulation theory hypothesis, time,
behavioral dominance and self-regulatory ability all have an effect on sleep procrastina-
tion behavior [19]. When self-regulation fails, external help is needed to enter the sleep
state when the role played by sleep intention becomes weaker. Therefore, the aim of the
design intervention is to help those who are experiencing difficulties in converting sleep
intention into behavior, to enter the sleep state.

6 Design Practice

6.1 User Research and Insights

Questionnaire Research. The Pittsburgh Sleep Quality Index (PSQI) and the Mobile
Phone Addiction Index (MPAI) were adapted to create a research questionnaire that
was distributed using the Questionnaire Star platform. The participants of this survey
were mainly 20–30 years old, and 104 valid questionnaires were collected. Descriptive
statistics, reliability analysis, t-test, and correlation analysis were conducted using SPSS
26.0 to understand the overall situation of mobile phone addiction, sleep delay, sleep
quality, and correlation. The results of the study were as follows.

(1) Sleep habits

The respondents generally went to bed later than the optimal sleep time of 11 p.m.
in the past month, and the length of sleep was shorter than the normal time of 8 h. Only
11.54% of the population fell asleep before 23:00 at night, and 38.49% of them chose to
sleep after 1:00 in themorning. In terms of sleep duration, only 25.96% of the population
reached the normal sleep duration of 8 h.

(2) Sleep quality

Statistics show that 45.19% of people said that they hadmedium to high quality sleep
in the past month, and the average sleep quality accounted for 1/3 of the total number
of people. 40.00% of the people said that the delayed sleep caused by playing mobile
phone will affect the state of the next day, and 28.57% said that the delayed sleep will
affect both the quality of sleep and the state of the next day.

(3) Mobile phone management

According to the analysis of the results, 68.57% of the population will choose to use
the mobile phone before going to sleep without message notification and use purpose. In
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the questionnaire, 10% of the people have the tendency to be addicted to mobile phones,
among which 85.71% of the people choose to focus on the entertainment aspect and
80.00% of the subjects focus on the social aspect of mobile phone use.

(4) Self-control

The results show that 82.69% of people usually plan their bedtime habits at night,
and 53.49% of them choose to plan their time before lights out at night. However, only
20.93% of people will go to sleep strictly according to the original planned time, and
84.88% of people will choose to delay 10-60min to really fall asleep. Delayed sleep
81.4% of respondents said they have a habit of using their smartphones before bedtime,
which leads to a delay in going to sleep.

Analysis of the survey results led to the following conclusions.

(1) Respondents generally stay up late, as evidenced by late bedtimes and short sleep
duration.

(2) There is a significant positive correlation between cell phone addiction and sleep
procrastination, and mobile phone addiction reduces the ability to self-regulate,
resulting in sleep delay.

(3) There is a significant positive correlation between mobile phone addiction and sleep
quality.

(4) There is a positive correlation between sleep procrastination and sleep quality;
mobile phone addiction affects sleep procrastination, which in turn reduces sleep
quality.

(5) The respondents’ self-restraint ability is at a medium level, and some of them want
to take the initiative to restrain themselves with external objects or people.

Interview Research. Ten young people aged between 18 and 30 were selected for
semi-structured interviews, among whom 5 were studying in school and 5 were already
working, so as to have an in-depth understanding of the sleep dilemma of young users
and their expectations of mobile anti-addiction products in sleep scenes.

According to the content of the user interview, many keywords in the process of
answering and communicating are extracted and summarized as follows: 7 of the above
10 interviewees choose to sleep late due to course assignments and work tasks. Through
the interview on their sleep process, it is found that there are problems such as sleep
procrastination, addiction to mobile phones and other electronic products, poor sleep
quality and so on. The respondents have certain sleep management methods, such as
using sleep guide APP and listening to novels to fall asleep, and also use sleep aid
earplugs, sleep pillows, sleep aid aromatherapy and other tools. Respondents mentioned
that some sleep management apps are not effective and some functions need to be paid
for.

Based on the above research and analysis, this practice will start from the applica-
tion of behavior change strategies in intervention design, and design products aimed
at the problem of mobile phone addiction before going to bed, so as to reduce sleep
procrastination and improve the sleep quality of users.
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6.2 Design Concept

The analysis of user research shows that there is significant overuse of mobile phones
among young people, which exacerbates sleep procrastination, and that a large propor-
tion of those affected by this problem have weak self-regulatory skills and are unable
to overcome or resolve the problem by themselves. Based on theoretical research on
behavioural interventions, it is clear that a simpler and more effective way to intervene
by design is to operationalize active interventions that prevent users from using their
phones excessively at bedtime by actively isolating manipulation or interference in the
context of avoiding the negative effects of mobile phone addiction on sleep. Therefore,
after discussing and thinking about this design path, the team decided that it would be
more natural for the intervention to occur by superimposing it on the product needed for
the sleep scenario, so the team chose a night light as the design object, using the night
light to prompt the user to put down the phone at the required time.

In terms of design details, the team collected relevant ideas on keywords such as
‘time’, ‘rule’ and ‘reminder’, and chose ‘hourglass’ as the final product appearance
reference. “The hourglass is traditionally perceived as a symbol of the passing of time
and the finite nature of time, which plays a positive psychological role. In order to make
the intervention of asking the user to put down the mobile phone appear more powerful,
wireless charging and identification functions are added to the design solution tomonitor
whether the user puts down the mobile phone or not, which can also bring convenience
to life during sleep, as shown in Fig. 1.

Fig. 1. Concept of the sleep light.

6.3 Design Display

The anti-addiction night light in the sleeping scene has the function of intervening users’
excessive use of mobile phones based on the lighting function, as shown in Fig. 2. Before
the user goes to sleep, the small night light is kept in a weak static state. 15 min before
the set sleep time, the user is reminded of information through the mobile APP, as shown
in Fig. 3. If the user is at rest at this time, place the mobile phone at the bottom of the
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night light to charge and automatically end the intervention function of the night light.
15 min later, if the user does not place the mobile phone at the bottom of the night light
and is at rest, the night light will change from a weak static state to a strong blinking
state until the user places the mobile phone at the bottom of the night light. The small
night light is changed from a strong blinking state to a light still state. At this point, the
small night light intervention process is complete, as shown in Fig. 4.

Fig. 2. The schematic diagram of the sleep light product.

Fig. 3. APP user interface of the sleep light product.
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Fig. 4. The sleep night light using steps.

7 Conclusion

This paper investigates the problem of mobile phone addiction in sleep scenes, and
proposes a feasible way of design intervention from the perspective of behavioural
interventions. By using the “hourglass” as the main intention of the design, the user is
given a psychological hint that time is passing, and wireless charging is added to the
design practice to facilitate the design practice incorporates features such as wireless
charging, which facilitates daily life and also serves as a monitoring function. This
product system design practice confirms the effectiveness of design interventions in
solving the problem of mobile phone addiction in sleep scenarios, and provides some
research value and guidance for future design in this field.
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Abstract. Art is a natural human need. The game theory about the origin of art,
imitation theory, residual energy catharsis theory, all involve human nature and
emotional expression. Art is the natural expression of mental state and personality
characteristics. The research on art education and psychotherapy is based on the
research results of RON Field, an American art educator in the middle of the 20th
century. In his book Creation and the Growth of the Mind, he discusses the issue
of “therapy through art education”. He regards art creation as a tool to express
behavior and emotion, and art as a tool to achieve self-cognition. The therapeutic
essence of art education is to use creative activities as a method of self-cognition.
This view has found an important theoretical basis for art therapy, and also pointed
out the integration point of art therapy and art education. The goal of achieving
self-realization through artistic activities and promoting the development of sound
personality is consistent.

Ceramic art is a discipline that requires strong practical ability, expressive
ability and creative ability. In the process of treating patients, clay can be used as
a material to express behaviors and emotions, and as a method of self-cognition
through making and creating activities. Ideal art therapy is also a kind of art
education, which can be used not only to guide people to understand an object, but
also to guide people to visually reproduce the object. The popularization of ceramic
art design in Colleges and Universities education can also play a healing effect
in solving the psychological problems of Colleges and Universities students. The
clay making process can be used as a way for Colleges and Universities students
to solve problems and express their feelings and ideas, and help students get out of
the trouble caused by some environmental, memory or emotional problems. And
look for the potential and emotional strength that students show in the process of
making ceramic objects, which can be strengthened to support the life of Colleges
and Universities students after treatment.

Researchers in universities in the form of questionnaires, research university
student common psychological problems and the acceptance of ceramic art teach-
ing way, on the basis of data analysis for ceramic art of mental health education
course construction, gradually formed in view of the Colleges and Universities
students mental health care system of ceramic art education, through effective
teaching link, The use of ceramic art education can not only cultivate the aesthetic
ability, but also cultivate the heart and temperament, so as to find and treat the
mental health problems of Colleges and Universities students in time.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
P.-L. P. Rau (Ed.): HCII 2023, LNCS 14024, pp. 546–556, 2023.
https://doi.org/10.1007/978-3-031-35946-0_43

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35946-0_43&domain=pdf
https://doi.org/10.1007/978-3-031-35946-0_43


Research on the Application of Ceramic Art Therapy 547

Keywords: Art therapy · Ceramic art therapy · Colleges and Universities ·
Mental health education

1 Introduction

In recent years, college students’ mental health education has increasingly become a
difficulty in college education. Especially in the wake of the COVID-19 pandemic in
2020, According to a survey conducted by relevant researchers on the mental health
status of college students, the mental health level of college students is relatively low
during the epidemic period. Compulsion, interpersonal relationship and anxiety are the
top three psychological questions in the survey results.How to further enhance college
students’ mental health education and improve the effectiveness of crisis intervention
has become a realistic and urgent research topic.

The research team is composed of teachers with many years of experience in pottery
education andmental health education.The researchers observed that some students with
mental disorders refocused on their studies after taking ceramic art and design courses,
They gradually began to be willing to communicate with teachers and classmates around
them, and their personalities were more lively and cheerful than before.Researchers
believe that the clay material provides an effective method for communication, allowing
learners to listen to the natural wisdom of the body through hand-making. In the process
of making, ceramic art stimulates one’s creativity due to its own design needs, andmakes
learners full of vitality. Through observation, the researchers hope to help students with
psychological disorders treat their own inner experience more kindly by focusing on
ceramic art design and production in a new way, so that they can get healing in the
process of making ceramic art and design works from the experience of the body, and
take a firm step towards change.

2 Literature Review

2.1 Focusing-Oriented Therapy

Focusing is a mind-body integration exercise that encourages people to bring a wel-
coming, friendly attitude to the experience that is relevant to the problem, situation, or
experience they are facing. Listening opens the door to physical wisdom – the next steps
one will take toward growth and healing. Instead of jumping straight to conclusions
or falling into habitual thinking patterns, focusing offers a new perspective on how the
whole of your being is experiencing the present situation in the present moment – your
mind, body, and spirit [1].

Focusing-Oriented Therapy (FOT) [2], “Focus” for short is one of the most impor-
tant branches of the modern development of human-centered therapy, also known as
experience-oriented therapy. Focused psychotherapy originated from the research of
psychotherapy and counseling conducted by Carl Ranson Rogers to find effective treat-
ment methods. Later, the famous American philosopher and psychologist Dr. Gendlin
formally founded the classic focus in 1980, and the focus further developed. New forms
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of focus oriented psychotherapy, dream focus, child focus, whole body focus, internal
relationship focus, regional focus, community work focus, and interactive focus were
also developed successively. It has greatly enriched the theory, practice and application
of humanistic psychological orientation therapy [3].

2.2 Psycho-Educational Orientation

Psycho-educational orientation approach is a kind of psychotherapy based on behavior-
ism theory, cognitive theory and developmental psychology theory, which implements
intervention treatment for people with behavioral, cognitive or emotional disorders.
It mainly includes art therapy, cognitive behavioral art therapy and developmental art
therapy.

Cognitive Behavioral therapy (CBT), as a traditional means of psychotherapy, still
has some problems after long development. Margarita Tartakovsky summarized the
most critical points: Cognitive behavioral therapy (CBT) model fixation is inflexible,
it only changes patients’ negative thoughts to positive ones, and CBT does not believe
that people’s subjective consciousness and emotions will affect the therapeutic effect.
Tartakovsky adds that CBT ignores the patient’s experiences and especially the formative
process of childhood. After nearly 30 years of development, cognitive Behavioral Art
therapy (CBAT) has gradually been accepted by experts in the field of art therapy. It
makes up for the shortcomings of CBT by integrating art into CBT and emphasizing the
interaction and emotional experience with patients [4].

2.3 Art Therapy

Art therapy is also known as art psychotherapy. Broadly speaking, it plays the role of
a mediator in human spiritual life. People get relief when appreciating art and get vent
in artistic creation. In a narrow sense, art therapy is the method and process of diagnos-
ing, treating or rehabilitating certain diseases in the artistic interaction with the treated
under the guidance of professionals. Art therapy is to convey and express the inner world
through art, so as to release negative emotions and make people optimistic, cheerful and
healthy. The unique way of art therapy, which cannot be banned by other forms of ther-
apy, has its own unique advantages. Most psychotherapy is directly expressed through
language and other means, while art, such as painting or music, can indirectly express
the inner bad emotions through certain works, and then with the help of psychiatrists
and professional therapists, Recognize the cause of your thoughts and emotions and let
go of depression and anxiety [5].

Art therapy combines visual art, creative processes, and psychotherapy to promote
well-being – emotional, cognitive, physical, and spiritual. The unique way of art therapy,
which cannot be banned by other forms of therapy, has its own unique advantages. Most
psychotherapy is directly expressed through language and othermeans, while art, such as
painting or music, can indirectly express the inner bad emotions through certain works,
and then with the help of psychiatrists and professional therapists, Recognize the cause
of your thoughts and emotions and let go of depression and anxiety.
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2.4 Focusing-Oriented Art Therapy

Focusing - oriented art therapy combines the theories and methods of focusing - oriented
psychotherapy and art therapy.This therapybegins bybuilding the client’s sense of safety,
then builds the therapeutic relationship, incorporating various empathic reflexes – such
as experiential listening, artistic reflexes, and mirror functions. The counselor helps the
client bring a welcoming, friendly, accepting, focused attitude to the inner experience
of their problems, problems, or experiences. The client listens to the body, gets an
experience, waits until there is an inner symbol or image that describes the experience,
and then expresses it through artistic means [6].

First, focus on the orientation of art therapy. The core content of “Focus” is collabora-
tive art therapy to achieve psychological comfort in a quiet and comfortable environment.
It is basically the same as the six steps of focusing: the first step is to create space, the
second step is to choose a question and gain experience, the third step is to use a word,
sentence, picture, gesture or sound as a symbol of sharing inner emotions, the fourth step
is to interact, the fifth step is to ask, and the sixth step is to accept and integrate.Cindy, a
patient with rectal cancer, underwent four weeks of focused art therapy based on her own
events, and drew her expressions. Focused art therapy, a useful intervention to prevent
permanent trauma and provide emotional support to patients and their families during
invasive treatments, is now widely used in the treatment of cancer patients and children
with autism [3].

2.5 Expressive Art Therapy

Different from the single art form of art therapy, art therapy integrates different art
forms such as music, dancing, painting and drama, emphasizes non-verbal, physical and
emotional expression and expression, integrates various organ stimulation modes, and
provides opportunities and environment for participants to actively explore their own
potential, self-expression and personal interests [7].

In the early 1980s, Lelis University referred to the psychotherapy of painting, music,
literature, crafts, drama and other art forms as “expressive art therapy” and developed
it as an independent field. The core feature of expressive art therapy is that the form of
artistic creation can more effectively assist the client to express the repressed and hidden
emotions, and assist the client to restructure and retell the past experience. It includes
two work orientations: “artistic psychotherapy” and “artistic creation is therapy”. The
former believes that artistic creation is an important tool in psychotherapy, focusing on
the non-verbal communication and analysis between therapist and client in the process of
artistic creation. The latter believes that the process of creation is the process of therapy.
In the process of therapy, more attention is paid to the creative environment and the
expression of the creator. The two work orientations are not contradictory in practice,
and should be selected according to the treatment object and specific situation [8].

Traditional psychological counseling and treatment techniques, due to the difficulty
of the expression of the visitors, poor communication and the situation of the dilemma,
to a certain extent, the expression of the needs of some visitors and their own heart,
affecting the process of psychological counseling and psychotherapy. Expressive art
therapy is characterized by “non-verbal communication”. Art forms such as painting
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and music provide more media for visitors to express themselves. The potential uncon-
scious emotions, memory, self and needs projected in artistic creation can be expressed
more smoothly and completely.Nowadays, expressive art therapy techniques and media
continue to develop and enrich, and gradually become a powerful supplement to the
traditional working methods of mental health education in colleges and universities.

2.6 Handicraft Art Therapy

Manual creation art is a three-dimensional image creation process through the close
combination of human hand, eye and brain, with the help of certain material materials. It
needs to combine the brain’s image thinking with abstract thinking, so as to arouse peo-
ple’s thinking, explore people’s creativity and expressive force, and stimulate people’s
interest. The ultimate purpose of handmade art is to create different forms of works with
different materials, so as to activate the thinking and cultivate students’ aesthetic and
pleasant feeling. If the course of manual creation art is included in the teaching system
of higher vocational colleges, it can not only promote students’ intelligence, improve
their artistic quality, but also benefit students’ physical and mental health. Manual cre-
ation can express and present the innermost thoughts with the help of certain carrier and
creative techniques, and express the inner emotions with three-dimensional things by
means of suggestion or symbol, so as to help professional therapists find the core basis
for solving psychological problems [9].

3 Methods

3.1 Selection of Research Objects

In this study, participants were recruited from Beijing Technology Institute, Zhuhai,
for psychological evaluation of depression and anxiety. Finally, 30 current students
with anxiety and depression but no diagnosis of mental symptoms were selected as
intervention objects and randomly divided into two groups with 15 predecessors in each
group. With the progress of the course, 3 students from each group left the group and 24
students participated in the whole course. At the same time, the control group members
were recruited in the school, and 24 studentswith anxiety and depression but no diagnosis
of mental symptoms were selected.

3.2 Intervention Methods

In this study, 2 (experimental group/control group)× 2 (pre-test/post-test) experimental
designwas adopted.Members of the experimental groupwere tested before and after and
interviewed, and had 90 min of ceramic art design course intervention for 9 consecutive
weeks. The team leaders are: professional teachers from theMentalHealthEducation and
Counseling Center of Beijing Institute of Technology Zhuhai, who have been engaged
in the work of mental health education for college students; And teachers with years of
experience in ceramic art design education. After the formal ceramic art design course,
an open questionnaire survey was conducted for all experimental group members, and
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an in-depth interview was conducted for 4 experimental group members. The control
group received no intervention.

The intervention process was carried out in the way of curriculum specific project
guidance, andwas carried out by hand kneading forming,mud plate forming and drawing
forming. The content covers five topics, including self-examination, self-growth, getting
closer to others, team strength, and life planning.

3.3 Measurement Methods

In this study, the Self-Rating Anxiety Scale (SAS) and Self-rating Anxiety Scale (SAS)
were respectively adopted before and after the treatment. The Life Satisfaction Scales
include four independent subscales. One is the other rating scale. Life Satisfaction Rat-
ing Soale, LSR for short; The other three components represent the self-rating scale,
namely Life Satisfaction Index A and Life Satisfaction Index B, referred to as LSIA
and LSIB. The self-rated Depression Scale (SDS) measured the anxiety, depression,
positive psychological capital, self-esteem, perceived social support level and other
multi-dimensional psychological conditions of the experimental group and control group
before and after the intervention. And Tafarodi’s Revised Two-dimensional Self-esteem
Scale (SLCS-R) [10]. SPSS26.0 was used to analyze the data, and the descriptive statisti-
cal results of anxiety, depression, psychological capital and other indicators of members
of the experimental group and control group were obtained (Table 1).

Table 1. Descriptive statistical results of pre - and post-test in experimental group and control
group (M ± SD)

Experimental group (n = 26) Control group (n = 24)

pretest post-test pretest post-test

anxiety 41.81 ± 5.61 38.42 ± 4.32 40.21 ± 6.69 41.00 ± 5.38

depression 20.77 ± 5.52 17.31 ± 4.99 17.71 ± 5.03 18.00 ± 4.98

Positive psychological 111.3 ± 17.68 122.3 ± 18.79 112.83 ± 12.43 110.9 ± 15.80

self-esteem 47.88 ± 3.37 54.23 ± 3.80 53.21 ± 4.23 52.33 ± 4.49

Social support 51.54 ± 16.48 59.85 ± 13.36 55.46 ± 13.49 55.83 ± 15.36

4 Results

4.1 Help College Students Effectively Relieve Anxiety and Depression

The American Psychiatric Association defines anxiety as “an expectation of future dan-
ger and misfortune, accompanied by nervousness, irritability, restlessness, and a range
of physical symptoms [11]”.Moderate anxiety can promote college students to complete
their studies, but excessive anxiety may lead to a series of psychological and physical
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diseases. In this study, repeated measurement analysis of variance found that the main
effect of pre and post measurements was not significant, F (1,48) = 2.57, p > 0.05.
The interaction between pre and post test and group was significant, F (1,48) = 6.16,
p < 0.05. The difference between pre and post test was not significant in the control
group, while the difference between pre and post test was significant in the experimental
group. Paired sample t test was used, t = 3.23, p < 0.05, and the score of post test was
significantly lower than that of the main effect of pre and post test, F (1,48) = 5.19, p
< 0.05. The interaction between pre and post test and group was significant, F (1,48)
= 7.28, p < 0.01. The difference between pre - and post-test was not significant in the
control group, while the difference between pre - and post-test was significant in the
experimental group. Paired sample t test was adopted, t = 3.28, p < 0.05, and the score
of post-test was significantly lower than that of pre - test. It can be seen that ceramic art
design therapy has a significant effect on anxiety and depression of college students.

In addition, according to the subjective feedback of the experimental group mem-
bers, it is found that the ceramic art design course can provide long-term and stable
psychological support for participants. Participants take the initiative to adjust nega-
tive emotions in the process of making ceramic art works in a variety of ways, which
effectively improves their emotional regulation ability, so as to adjust the frequency and
degree of emotional fluctuations.

4.2 Therapeutic Effect of Ceramic Art Therapy on Anxiety and Depression
of College Students

Positive psychological capital refers to a positive psychological state that an individual
shows in the process of growth and development, including self-efficacy, resilience,
hope, optimism four dimensions.Students with positive psychological capital are usually
able to adjust their own state in time, and actively cope with academic, employment,
emotional and other aspects of pressure. Repeated measures analysis of variance found
that the main effect of pre and post measurements was significant, F (1,48) = 6.70, p <
0.01. The interaction between pre and post test and group was significant, F (1,48) =
13.41, p < 0.001. Simple effect test found that the difference between pre and post test
was not significant in the control group, while the difference between pre and post test
was significant in the experimental group. Paired sample t test was used, and the result
was t=−4.07, p< 0.001, and the score after test was significantly higher than that before
test. Through the guidance of therapists in the course,members of the experimental group
were able to feel themselves in art, have a clear and comprehensive understanding of
themselves, and gradually improve their cognition of others. One member said, “I am
able to be more honest with my heart and feelings”. “I am able to deal with other people
in my life in a more tolerant manner”. “My biggest change is to be more consistent and
less obsessive”. It can be seen that ceramic art design course can effectively improve the
positive psychological capital of college students.

4.3 Awaken the Inner Self-esteem of College Students

Self-esteem is an individual’s overall evaluation of their own value, including belief and
emotion. It is reflected in behavior, an internal component of dignity, and an emotional
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self-regulation variable related to self-evaluation. Repeated measures analysis of vari-
ance found that the main effect of pre and post measures was significant, F (1,48) =
18.59, p < 0.001. The interaction between pre and post test and group was significant,
F (1,48) = 32.39, p < 0.001. Simple effect test found that the difference between pre
and post test was not significant in the control group, while the difference between pre
and post test was significant in the experimental group. Paired sample t test was used,
and the result was t = −7.30, p < 0.001. The score of post test was significantly higher
than that of pre test. “The therapist kept telling me that I was worthy of love, which
helped me stop denying myself”, one of the experimental group members said during
the interview. After ceramic art design therapy and self-reflection, the member broke
up with her lover because she could not get approval from him. Another member said,
“Every time I apply for the poverty grant, I feel very sad. After the group counseling, I
found that everyone has a difficult pain and can overcome it by themselves”. It can be
seen that the group interaction of ceramic art design therapy helps themembers to inspire
each other. Students’ sharing of experience and mutual support and encouragement in
the course can not only help individuals to understand the views and behaviors of others
towards events, but also help the subjects to improve their self-cognition, reduce their
self-abasement, and enhance self-esteem and confidence.

4.4 Improve the Quality of College Students’ Connection with Society

Social support means that individuals obtain general or specific support resources from
others or social networks, which can help individuals cope with problems and crises
in work and life. The perceptive social support Scale was used to measure the extent
to which participants perceived support from various social support sources. Repeated
measures analysis of variance found that the main effect of pre and post measurements
was significant, F (1,48) = 5.13, p < 0.05. The interaction between pre and post test
and group was significant, F (1,48) = 4.28, p < 0.05. Simple effect test found that the
difference between pre and post test was not significant in the control group, while the
difference between pre and post test was significant in the experimental group. Paired
sample t test was used, and the result was t=−3.03, p< 0.05, and the score of post test
was significantly higher than that of pre test.

It can be seen that ceramic art design therapy can effectively improve the closeness
and quality of individual and social connection. After several sessions, members of the
experimental group said that ceramic art design therapy can improve their communi-
cation with others, eliminate loneliness and reduce social fear. Most of the participants
made friends during the sessions and said they would actively seek more connections in
the future. “I am no longer a lonely star”. “Before the event, my desire to share was at
its lowest point, and now I’m open to sharing things with people around me”. “What I
like most is to talk about impressions together. It’s very useful for getting to know each
other and myself. If I have the chance, I will also form a group and try to bring people
closer together in this way”. It can be seen that people with more social support have a
stronger sense of happiness, which will further enhance the willingness and ability of
individuals to actively increase contacts.
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5 Recommendations

5.1 Carry Out College Mental Health Education Based on Ceramic Art Therapy

In this study, college students suffering from anxiety or depression inBeijing Technology
Institute, Zhuhai, were treated with ceramic art course, and their conditions before and
after the treatment were compared to evaluate the therapeutic effect after treatment. In
order to promote ceramic art therapy courses in colleges and universities in the future,
regulate and relieve the depression and anxiety of college students to provide solutions.
Among the 25 open-ended questionnaires collected, 24 members of the experimental
group supported the regular opening of elective courses related to expressive art therapy,
and fully recognized the path and method of adjusting their emotional state through
scientific means in the context of art.

This study believes that ceramic art design therapy can, in a harmonious group
atmosphere, through artistic expression and the cooperation of participants, deeply dig
the inner needs of the growth of college students, help them establish the consciousness
of self-help, mutual assistance, help, rational face the reality of setbacks and difficulties,
is one of the popular and can effectively improve the level of mental health of college
students. Carrying out mental health education based on ceramic art design therapy can
enrich the forms andmeans ofmental health education in colleges and universities, attract
college students to participate widely, make them gradually understand themselves in
art healing, and resolve individual emotional troubles and deep problems. Psychological
teachers can learn from the theory and practical experience of expressive art therapy,
design themed activities around the physical andmental characteristics and development
needs of students at different stages, such as the establishment of health network growth
groups, healing groups for patients with procrastination, etc., through more detailed
ways, effectively improve the mental health literacy of college students.

5.2 Incorporating Expressive Art Therapy into the Training of Teachers’ Mental
Health Education Skills

At present, psychological counseling centers have been basically established in colleges
and universities, equipped with professional psychological teachers and psychological
counselors to help students solve relevant problems, but there are very few art therapy
professionals in the teaching staff of mental health education. In this study, therapists
from the Art Behavior Therapy Center of Rehabilitation Department of Beijing Hui-
longguan Hospital, who have rich experience in group therapy, were hired to carry out
art healing courses for college students, which achieved remarkable results in solving
emotional problems and were highly recognized by the participants.It can be seen that
in the future mental health education work, colleges and universities can break the space
restrictions, through external art therapists and other ways to relieve the psychological
pressure of college students. In addition, the Notice on Strengthening the management
of students’ mental health stressed the need to strengthen the mental health education
and training of college teachers. In view of this, the school can hire art therapy experts
and scholars to carry out basic training for relevant teachers in colleges and universities
to learn primary art therapy methods, so that they can improve the mental health level
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of college students through art therapy in daily work and courses, explore a new path to
form a joint force within and outside the school and educate the whole staff, and jointly
lead the healthy growth of students.

Ceramic art design therapy creates a safe and credible communication atmosphere,
and innovates the interaction mechanism between teachers and students. Art therapists
give full play to the characteristics of non-language through artistic feelings and artistic
creation, which effectively alleviates the anxiety and depression of college students, and
guides students to constantly explore themselves, express their true emotions, improve
their psychological quality and face life bravely. In today’s education environment,
colleges anduniversities can take expressive art therapygroupguidance as a newmodel of
mental health education curriculum, carry out further attempts and explorations, integrate
rich forms of art activities to guide college students to enhance mental health awareness
and stimulate the positive inner motivation.

6 Conclusion

Due to the dual needs of material and spiritual life, as well as the conflict between sensi-
bility and rationality, people may have some psychological problems to varying degrees,
and artistic psychology is a special problem in human nature.We can turn to art to express
the unspeakable in an artistic way and explore the problem of psychological efficacy
with artistic thinking. Through the research on the application of ceramic art design
in college students’ mental health education, the research data show that through the
safe environment of art activities, students can directly express the relationship between
themselves and the world and change their behavior attitude, and thus affirm the feasi-
bility and effectiveness of curing psychological problems through art education in the
school environment. This kind of dualism of body and mind has been the philosophical
basis of art therapy, and also provides the integration direction of art therapy and art
education [12].
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Abstract. Factors such as the economic recession during the COVID-19 pan-
demic increased depression and worrisome mental health conditions, especially
among college students andworkers.Mindfulness-based stress reduction (MBSR)
has been proven one of the most effective treatments for reducing stress and anxi-
ety with positive effects on the mental health of college students and workers. The
available information for designingMBSR relative products is still lacking.Hence,
this study aimed to apply KANOmodel and mixed design methods to evaluate the
user needs for MBSR products. First, this study obtained the functional require-
ments of the current MBSR products through competitive analysis and further
obtained user suggestions through a focus group. Then, a Kano questionnaire was
conducted based on the above user’s needs and the results classified and prioritized
the functional requirements. Finally, this study provided useful information for the
designers and manufacturers (three performance needs and two expectation needs
extracted by the KANO model) when redesigning new-generation mindfulness
meditation products.

Keywords: Mindfulness · KANO model · User requirements

1 Introduction

1.1 Background

According to a research brief published by the World Health Organization (WHO), the
prevalence of anxiety and sadness surged dramatically globally in the first year of the
COVID-19 pandemic. The executive summary also identifies those most impacted and
outlines how the epidemic has influenced access to mental health treatments and how
this has evolved. The pandemic’s social isolation has resulted in stress and economic
recession, which was related to restrictions on people’s capacity to work, ask loved
ones for help, and participate in their communities. Stressors that can cause melancholy
and anxiety include loneliness, dread of illness, suffering for oneself and loved ones,
bereavement, and financial concerns. Exhaustion has been a significant contributor to
suicidal thoughts in health professionals. The pandemic has affected young people’s
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mental health, and they are disproportionally at risk of suicidal and self-harming behav-
iors. People with pre-existing physical health concerns, such as asthma, cancer, and heart
disease, were more likely to develop signs of mental illnesses. According to the data,
those with mental illnesses do not seem more at risk of contracting COVID-19. How-
ever, compared to those without mental illnesses, these individuals have a higher risk of
hospitalization, severe illness, and death when contracting the infection. Young persons
with mental problems and those with more severe mental disorders, such as psychoses,
are particularly in danger [1].

1.2 Introduction to Mindfulness Meditation

Mindfulness cognitive behavioral therapy is a cutting-edge alternative to traditional psy-
chotherapies for severe depression because it uses the mental calmness that comes from
meditation [2]. It is a mental training practice that combines meditation with mindful
practice. It can be defined as a mental state that involves being entirely focused on
“the now” so you can acknowledge and accept your thoughts, feelings, and sensations
without judgment. Individuals may exercise greater integrity and experience spiritual
sublimation and progress through seclusion, prayers, and soul-searching self-narratives.

Mindfulness meditation has recently shown benefits in lowering stress levels in var-
ious populations. Even a remote, online, group-based mindfulness program can reduce
negative emotions in people [3]. Western approaches to stress reduction have recently
focused on behavioral modifications, mechanistic techniques, and CBT-oriented treat-
ments that build on ideas from cognitive behavioral therapy [4]. In contrast, eastern
meditative traditions focused on present-centered attention and awareness, termedmind-
fulness compared to the West [5]. Existing studies indicate that mindfulness meditation
can play a positive role in the reduction of stress and stress-related symptoms when
carried out in a self-directed way. Reducing stress, feelings of anxiety and sadness, and
improvingmental and sleep quality are all positive outcomes [6]. Short-termmindfulness
meditation training can also improve concentration and self-regulation [7].Mindfulness-
based stress reduction (MBSR) has been proven one of the most effective treatments for
reducing stress and anxiety, with positive effects on the mental health of college students
and workers [8]. The students could lessen negative thoughts or sensations by switching
from an avoidant type to an approach-oriented coping technique through MBSR. This
enables individuals to react to stress more constructively. The skills the student gains
from the MBSR help them become more self-aware, empathic, reflective, and reflexive,
all of which may improve their capacity to engage in anti-oppressive social work and
form the foundational elements of sustainable long-term practice [9]. MBSR can assist
workers in building emotional resilience so they can handle the rigors of their jobs.
After practicing MBSR, workers can lessen perceived stress and compassion fatigue
while increasing resilience (emotional self-efficacy and psychological flexibility) and
the influence of well-being-related components, such as compassion satisfaction [10].

1.3 KANO Model Overview

Noriaki Kano, a professor at Tokyo Institute of Technology in Japan, first proposed
Kano’s model of customer satisfaction in the 1980s [14]. The Kano model is helpful
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for designers to classify product requirements and user demands. As part of the product
design process, the designers prioritized design goals and assigned grades to various
product features based on user satisfaction. By categorizing this relationship into five
groups, the Kano model enhances the conventional linear view between customer satis-
faction and the fulfillment of product requirements. The five demand can be classified
by using KANO model:

1. Attractive Demand: What users do not expect requires exploration and insight. If
not provided, user satisfaction will not be reduced; if provided, it will be greatly
improved.

2. One-dimensional Demand: If provided, user satisfaction will increase; If it is not
provided, user satisfaction will decrease.

3. Must-beDemand: The so-called pain points, for the user, these demandsmust be satis-
fied as amatter of course.When not provided, user satisfaction decreases significantly,
but optimizing this demand does not significantly improve user satisfaction.

4. Indifferent Demand: User satisfaction will remain the same whether this demand is
provided or not. Designers should try to avoid it.

5. Reverse Demand: Users do not have this demand. If provided, user satisfaction
decreases.

Martzler [15] developed a more thorough application approach of the Kano model
in 1996, which has now gained popularity. The Kano model requires its users to fill the
Kano questionnaires. Positive and negative questions were posed regarding whether or
not each potential demand had beenmet. TheKano evaluation formwas used to calculate
the survey’s results.

1.4 Research Status and Aim of the Study

People are open to using a physical mindfulness product or app based on MBSR to
support their mindfulness meditation. Nevertheless, only a few studies have examined
the quality ofmindfulness apps using validated and standardized tools [11]. Furthermore,
due to the lack of physicality, people often feel less engaging to the user and, therefore,
less effective. Although many MBSR products have been developed commercially in
recent years, most of the existing product research has been conducted in the laboratory
and is technology-driven results without focusing on user’s needs [12]. Meanwhile,
commercial MBSR products exhibit classic capitalist logic that negatively impacts those
who practice mindfulness [13]. Therefore, it is necessary to study the design of daily
mindfulness-based stress reduction products based on user needs analysis. To fill these
research gaps, this study applied the KANOmodel primarily and mixed design methods
to determine the user needs for MBSR product design.

2 Methods

2.1 Competitor Analysis

First, this study performed a competitive analysis of the top five sales MBSR physical
products on Amazon [16] and the top five AppStore downloaded apps [17] from 2019 to
2022 to obtain functional requirementsmet by existingmindfulnessmeditation products.
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“Tide”, “Pause”, “Now”, “Wild Journey”, and “Healthy Lab”were chosen to analyze
and compare (see Fig. 1).

“Tide” mainly provides breathing training, a concentration clock, a sleep aid,
meditation exercises, and a variety of optional sound scenes.

“Pause” uses the Mindful Touch as an interaction style with soothing background
music designed to help users relieve anxiety and distraction.

“Now” mainly provides sleep-aid functions with sleep-aid sounds and sleep-aid
training. It also provides breathing and meditation training.

“Wild Journey” mainly provides a variety of beautifully animated landscapes and
fantastic nature sound effects. It also has timed, voice-guided functions to assist in mind-
fulness meditation and offers multi-day meditation courses to help develop mindfulness
meditation habits.

“Healthy Lab” mainly provides a variety of meditation training, meditation-assisted
music, sleep stories, and a focus clock function.

The primary user groups of these apps are social workers and teenage students. By
weakening the professionalism of meditation content, these apps are more lifelike, and
easy for users to use the fragmented time for meditation, which is beneficial for young
users and beginners. These apps can be used in many scenarios, and users can come to
a quiet place for a five to ten-minute meditation session. There are paid content ads in
"Now", and the commercial atmosphere is heavier than the rest of the APPs.

We summarize the following functional requirements for a mindfulness meditation
APP: 1) Timing function; 2) Guided meditation training; 3) Meditation music to assist
mindfulness meditation; 4) Physical interaction; 5) Sleep aid function; 6) Meditation
training of different levels of difficulty.

Fig. 1. Logo of the apps

Fig. 2. Product effect picture
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For evaluating the mindfulness meditation products, the “Core”, “FocusZen”,
“Breathing Buddha”, “Magicteam”, and “Hathaspace” were chosen to analyze and
compare (see Fig. 2).

“Core” is a handheld device that helps people focus. It vibrates to guide breathing
and serve as a natural reminder, and its built-in biosensor detects heart rate and can be
used with an app.

“FocusZen” is a head-mounted device that detects brainwave data. It works with an
app to provide real-time feedback on sound and visualization of meditation states.

“Breathing Buddha” guides the user’s breathing through lighting changes.
“Magicteam” provides eight soothing sounds to assist meditation and sleep and nine

different dynamic lighting effects to create a meditative atmosphere. It is decorative, has
a wireless charging function, and can be used with an app.

“Hathaspace” has a marble coating for a stylish look. It has an Aroma humidification
function that diffuses essential oils to help relieve stress and calm emotions.

These mindfulness meditation products include wearable devices, handheld devices,
and desktop devices, which assist mindfulness meditation by detecting body data, cre-
ating an atmosphere, and guiding meditation. We summarize the following functional
requirements for the design of mindfulness meditation products: 1) beautiful appear-
ance, with specific decorative; 2) multi-sensory experience; 3) body data detection; 4)
product feedback timely; 5) the product can create a suitable atmosphere for meditation;
6) diversified use of the product; 7) can guide the user to mindfulness meditation; 8)
product can help users focus on.

2.2 Focus Group

This study organized a focus group session based on the competitive analysis to obtain
user-driven requirements. We also designed interview content based on the functional
requirements met by existing mindfulness meditation products.

Two university students, two office workers, and two designers with mindfulness
meditation experience were invited to the focus group, aged 19 to 40. A 2-h focus group
discussion was conducted, focusing on the following three topics:

• When will you need mindfulness meditation?
• What kind ofmindfulnessmeditation product have you used, and how do you practice

mindfulness meditation?
• What is your evaluation of existing mindfulness meditation products and your

expectations for future ones?

During the discussion, participants made the following critical statements:

• Participant A: It is ritualistic to use physical products to assist in mindfulness medi-
tation. When I am tired at work and do not want to pick up my phone to use the app,
having the physical product next to me can attract me to do mindfulness meditation.
The reminders and guidance of physical products are more gentle and natural.

• Participant B: I have come across many products that help release stress or focus
through physical contact, and handheld products give a greater sense of control.
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• Participant C: It would be a bit strange to have the physical product in my office when
I am not meditating. It can be designed as a decoration for display, and it would help
soothe me outside meditation time.

The participants in this interview were optimistic about the physical products of
mindfulnessmeditation and considered them to be a solid aid formindfulnessmeditation.
Participants would do mindfulness meditation before bed to aid in falling asleep or at
their desks before studying at work to help focus. The main mindfulness meditation
scenario is a quiet, private space. The participants do this mainly by listening to music
and following instructional videos.

The results indicated the critical design recommendations:

• At least use two or more senses of humans to achieve a better immersive experience.
• Use handheld interaction to aid mindfulness meditation and perform heart rate

monitoring.
• It can be used as an ornament to create a relaxing atmosphere during idle time.

2.3 User Requirements Analysis Based on KANO Model

User requirement analysis can help develop product design strategies, and we use the
KANO model to classify and prioritize users’ requirements in this paper.

2.3.1 Questionnaire Design and Collection

This study extracted ten functional requirement indicators from the results of competitive
analysis and focus groups, which were divided into three categories: product styling,
user experience, and mindfulness meditation assistance, and labeled as A1, A2, A3,
B1…C3, as shown in Table 1. Then we created a questionnaire using the KANOmodel,
and each functional requirement was set with a positive question of “have this feature”
and a negative question of “don’t have this feature”. Each question has five levels of
options, in the order of “Like it a lot”, “Must-be”, “Doesn’t matter”, “Tolerable”, and
“Unacceptable” (see Table 2).

In this paper, we select university students and social workers as the main survey
population. From this, people with mindfulness meditation experience were screened
as subjects to obtain the data with the reference value. The questionnaires were mainly
distributed in online questionnaires, and 81 subjects participated in the survey. Seventy-
eight valid questionnaires were finally collected after excluding invalid randomly scored
questionnaires.

2.3.2 Data Analysis

Before processing the questionnaire data, we performed a reliability analysis first. The
Cronbach α coefficient of the positive questionwas 0.858, and theCronbachα coefficient
of the negative question was 0.807. The Cronbach α coefficients for both the positive
and negative questions were greater than 0.8, indicating that the study data had a high
internal consistency and can be used for further analysis.
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Table 1. List of functional requirements

Requirement categories No. Functional requirements Explanatory notes

Product Styling A1 Comfortable material of the
product

The use of soft and
comfortable materials brings
better tactile sensation and
reduces the user’s sense of
rejection

A2 Beautiful product shape Product appearance is simple
and beautiful, with smooth
lines, decorative solid

A3 Soft color of the product A soft and calm feeling
through low saturation colors

User Experience B1 Multi-sensory experience The product can mobilize the
user’s senses through
vibration, light, aroma, etc.,
to guide mindfulness
meditation and create an
atmosphere

B2 Diversification of product
use

The product can be used with
apps and other methods for a
diversified experience

B3 Product can be timely
feedback

The product can provide
real-time feedback on
changes in body data through
changes in vibration
frequency and other methods

B4 Ergonomic Wearable devices and
handheld devices are
ergonomically designed to
bring a more comfortable
experience

Mindfulness Meditation
Assistance

C1 Product idle time usage The product can be used to
create a mindfulness
environment through regular
movement and white noise
when it is idle

C2 Can monitor body data Monitor the user’s heart rate
through wearable devices
and handheld devices

(continued)
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Table 1. (continued)

Requirement categories No. Functional requirements Explanatory notes

C3 Timed reminder function The product can be set to
attract users to do
mindfulness meditation
through light and vibration
reminders at specific times

Table 2. Questionnaire topic setting mode

Feature Like it a lot Must-be Doesn’t matter Tolerable Unacceptable

Have this feature

Don’t have this feature

The questionnaire data were compared with the Kano evaluation form (Table 3)
to obtain the attributes corresponding to the subjects’ attitudes toward each functional
requirement. Each attribute of the same feature was summed, and the highest percentage
was the attribute of that functional requirement (Table 4). Q stands for the questionable
result, which usually does not happen; A stands for Attractive Quality; I stands for
Indifferent Quality; R stands for Reversal Quality; M stands for Must-be Quality; O
stands for One-dimensional Quality.

The Better-Worse coefficients are obtained by substituting each feature’s corre-
sponding percentage of attributes into the Better-Worse coefficient calculation formula
(Table 4). The calculation formula is as follows.

Better = (A + O)/(A + O + M + I) (1)

Worse = −1 ∗ (O + M )/(A + O + M + I) (2)

The value of the Better coefficient is usually positive, which means that users’ sat-
isfaction will increase if a feature is provided. The closer the value is to 1, the easier it
is to improve users’ satisfaction. The value of the Worse coefficient is usually negative,
meaning user satisfaction will decrease if a feature is not provided. The closer the value
is to −1, the greater the impact on user dissatisfaction.

Excluding Reversal Quality and questionable results, a scatter plot is constructed
with the Better coefficient as the horizontal coordinate and the |Worse| coefficient as the
vertical coordinate. The scatter plot is divided into four quadrants by making parallel
dashed lines with the horizontal and vertical coordinates at point P (the point consisting
of the average of the Better coefficient and the |Worse| coefficient), respectively (Fig. 3).

The first quadrant is One-dimensional Demand. Better > 0.5, |Worse| > 0.5, indi-
cating the feature desired by the users, with a high degree of perfection, will increase
the user’s satisfaction. If there is no such feature, the user’s satisfaction will decrease.



An Evaluation of Mindfulness Product Design 565

Includes A1 (Comfortable material of the product), B1 (Multi-sensory experience), and
C2 (Can monitor body data), three features. They should be satisfied as a priority during
development and design.

The second quadrant is Attractive Demand. Better > 0.5, |Worse| <0.5, indicating
the feature that users are not overly expecting. If this feature is not provided, user satis-
faction will not decrease. If this feature is provided, user satisfaction will be significantly
improved. Includes B4 (Ergonomic), and C1 (Product idle time usage), two features that
should be explored during development and design.

The third quadrant is Indifferent Demand. Better< 0.5, |Worse|< 0.5, indicating the
feature that the user does not care about, the impact on user experience is weak, whether
this requirement is provided or not, user satisfaction does not change much. Includes
A3 (Soft color of the product), B3 (Product can be timely feedback), and C3 (Timed
reminder function), three features. Features in this quadrant are usually not considered.

The fourth quadrant is Must-be Demand. Better< 0.5, |Worse|> 0.5, indicating the
feature that users feel must be satisfied. If this feature is not provided, user satisfaction
will be significantly reduced, but optimizing this feature will not significantly improve
user satisfaction. Includes A2 (Beautiful product shape), and B2 (Diversification of
product use), two features. Features in this quadrant are core user requirements and
must be implemented.

According to the definition of theKanomodel for the description of each requirement
attribute, the priority order of requirement attribute implementation should be: basic need
> performance need > excitement need > indifferent need. The features in the same
quadrant were ranked according to the distance from each point to the origin of the
coordinate. The farther away means, the more significant the impact on user satisfaction
and the higher the importance, and finally, the functional requirement priority ranking
can be obtained: B2>A2> B1>A1> C2> C1> B4>A3> B3> C3 (see Table 5).

Table 3. Kano evaluation form

Positive question

Like it a lot Must-be Doesn’t
matter

Tolerable Unacceptable

Negative
question

Like it a lot Q A A A O

Must-be R I I I M

Doesn’t matter R I I I M

Tolerable R I I I M

Unacceptable R R R R Q
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Table 4. Statistical results of the questionnaire data

No. M O A I R Q Better |Worse|

A1 16.05% 35.8% 12.35% 30.86% 1.23% 3.7% 50.65% 54.55%

A2 33.33% 3.7% 25.93% 32.1% 1.23% 3.7% 31.17% 38.96%

A3 6.17% 3.7% 30.86% 54.32% 1.23% 3.7% 36.36% 10.39%

B1 11.11% 34.57% 20.99% 28.4% 1.23% 3.7% 58.44% 48.05%

B2 35.8% 7.41% 8.52% 33.33% 2.47% 2.47% 27.27% 45.45%

B3 8.64% 7.41% 17.28% 61.73% 1.23% 3.7% 25.97% 16.88%

B4 20.99% 6.17% 37.04% 30.86% 2.47% 2.47% 45.45% 28.57%

C1 2.47% 7.41% 45.68% 39.51% 1.23% 3.7% 55.84% 10.39%

C2 3.7% 35.8% 20.99% 35.8% 2.47% 1.23% 58.97% 41.03%

C3 2.47% 3.7% 9.75% 69.14% 1.23% 3.7% 24.68% 6.49%

Fig. 3. Scatter plot of the Better-Worse coefficient analysis

3 Results and Discussion

3.1 Demand Analysis

In terms of product styling, Beautiful product shape > Comfortable material of the
product > Soft color of the product. Respondents focus on the appearance of mind-
fulness meditation products. They think a beautiful shape is necessary for mindfulness
meditation products and prefer simple, beautiful, smooth lines and decorative designs.
In addition, respondents expect the product material to be soft and comfortable, which
can bring a better tactile experience and reduce the feeling of rejection in the process
of use. Respondents are not very concerned about the softness of the product colors but
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Table 5. Prioritization of functional requirements

Attribute No. Distance to the origin Priority ranking

M B2 0.5300 1

A2 0.4989 2

O B1 0.7567 3

A1 0.7444 4

C2 0.7184 5

A C1 0.5680 6

B4 0.5368 7

I A3 0.3782 8

B3 0.3097 9

C3 0.2552 10

believe that low saturation colors bring a soft and calm feeling and assist in mindfulness
meditation.

In terms of user experience, Diversification of product use > Multi-sensory experi-
ence>Ergonomic> Product can be timely feedback. Respondents believe that diversity
in product use is a must and that using the product with an app can bring a better experi-
ence. Moreover, respondents expect the product to have a multi-sensory experience and
to guide mindfulness meditation by engaging the senses of sight and touch. In addition,
respondents feel that the ergonomic design of the wearable and handheld devices would
provide a more comfortable meditation experience. Respondents do not care if the prod-
uct allowed for timely feedback but feel that having the feature affected the mindfulness
meditation experience positively.

In terms ofmindfulnessmeditation assistance, Canmonitor body data> Product idle
time usage> Timed reminder function. Respondents expect to use a wearable, handheld
device to monitor biological data and help focus attention. Then, respondents believe
that the use of the product’s idle time can better assist in mindfulness meditation and
make the product more attractive. Respondents think that the timed reminder function
is not more useful as an aid to mindfulness meditation and that having this function or
not has little effect on user satisfaction.

3.2 Design Suggestions

This paper mainly focuses onOne-dimensional Demand andAttractive Demand. Design
suggestions are made for the functional requirements of multi-sensory experience,
comfortable material of the product, and product idle time usage.

Physical feedback, such as vibrational cues, can help improve concentration and cog-
nition [18], and natural sounds help with physiological stress recovery [19], so lights,
vibrations, sounds, and aromas can be used to engage the user’s senses when designing
mindfulness meditation products. The feeling of the space is related to the overall depth
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of meditation, and the environment can facilitate meditation [20]. Therefore, lighting,
music, and aromatherapy can also promotemindfulnessmeditation by creating a suitable
environment for meditation. In the process of mindfulness meditation, the product can
change the color and brightness of the lights or the intensity and frequency of the vibra-
tions to make cues and guide mindfulness meditation and use natural sounds and white
noise as background music to assist users in relaxing. In the meditation process, voice
cues may distract the user’s attention, so voice cues can be provided at the beginning and
end of the meditation to help the user understand the meaning of light and vibration cues
[21]. Breathing exercises are common in apps and physical products.We also know from
the interviewees that breathing exercises are commonly used, and continuous breathing
exercises have been shown to affect mood positively [6], so we use breathing exercises
as an example. When meditation begins, the product provides voice and vibration alerts
to remind users of the start of training. During the process, the product can guide the user
to breathe through vibration and light, such as using different colors of light to prompt
the user to inhale, exhale, hold their breath, or use different frequencies of vibration
corresponding to different breathing rates.

Users,mainly through the handheld,wear theway to produce contactwith the product
to detect body data and feel the vibration. Therefore, the product can be used lycra [22],
TPU [23], and other soft materials to give users a more comfortable tactile sensation,
reducing the user’s sense of rejection of the product. Mindfulness meditation products
are idle for longer during the day, so designers can utilize the idle time of the products to
bringmore added value. Such as being equipped with a wireless charging dock, allowing
the product to be charged when idle, improving the range, and facilitating the product’s
placement. Alternatively, magnetic levitation technology also can be used so that the
product is idle suspended rotation, decorative, and simultaneously creates a relaxing
atmosphere through regular movement. Designers can also let the product in the idle
role of fragrance diffusion to help users relax.

4 Conclusion

To obtain user needs for mindfulness meditation product design, this paper uses com-
petitive analysis to summarize the functional requirements met by existing mindfulness
meditation products at first. Then, a focus group interview is used to further capture the
users’ design needs. Finally, this paper uses the KANO model to categorize and prior-
itize design requirements for mindfulness meditation products providing two Must-be
demands, threeOne-dimensional demands, twoAttractive demands, and three Indifferent
demands. In this paper, design recommendations are given for One-dimensional needs
and Attractive needs. Mindfulness meditation products can be made more competitive
by using multi-sensory experiences, soft materials, and product idle time. This paper
offers a competitive product analysis of 10 popular physical and digital products from
the previous three years and design guidance to focus onwhen designing new-generation
mindfulness meditation products.
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5 Limitations

The limitation of this paper is that the questionnaire respondents are mainly college
students and workers, and the age group is focused 20–40 years old. Most of them
are beginners in mindfulness meditation, and their primary purpose of mindfulness
meditation is to relieve stress and improve sleep. Therefore, the design recommendations
obtained were biased toward introductory mindfulness meditation. In future studies, the
large group of practitioners of mindfulness meditation could be investigated to obtain
the functional requirements of products with different levels of difficulty in mindfulness
meditation.
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