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Foreword

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

The 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24–29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 was organized and run as a
virtual conference. It incorporated the 21 thematic areas and affiliated conferences
listed on the following page.

A total of 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, 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
volumes constituting the set of proceedings to appear before the start of the conference
are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s)
of the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2021 - Late Breaking Papers’ volumes of the proceedings to be published in the
Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
13th International Conference on Cross-Cultural Design (CCD 2021) affiliated
conference to HCII 2021. I would like to thank the Chair, Pei-Luen Patrick Rau, for his
invaluable contribution in its organization and the preparation of the Proceedings, as
well as the members of the program board for their contributions and support. This
year, the CCD affiliated conference has focused on topics related to cross-cultural
experience and product design, cultural differences and cross-cultural communication,
as well as design case studies in domains such as learning and creativity, well-being,
social change and social development, cultural heritage and tourism, autonomous
vehicles, virtual agents, robots and intelligent assistants.



I would also 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 highest scientific quality and overall success of the HCI International 2021
conference.

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

July 2021 Constantine Stephanidis

vi Foreword
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The Unorthodox Use of Bamboo in Fashion
Styling Design

Tuck-Fai Cheng1,2(B), Hsiu-Wen Teng2, and Po-Hsien Lin1

1 National Taiwan University of Arts, New Taipei City 22058, Taiwan
t0131@ntua.edu.tw

2 Hungkuang University, Taichung City 43302, Taiwan
kenneth1831@hk.edu.tw

Abstract. The avant-garde fashion styling is based on the spirit of fashion pioneer,
rejecting the taste of “mainstream value”, and based on exploring any possibility
of “boundary value” in fashion styling design. Its experimental and innovative
design concepts trigger forward-looking thinking and form new work forms, and
create unique visual charm works with non-traditional design styles. This article
focuses on the expression of “bamboo” with unorthodox material, and expands
its artistic expression and understanding of the overall image design through its
alternative applications. This article explores the position of “Heterogeneity” in
the non-mainstream “boundary value” of works based on: avant-garde art the-
ory, information dissemination theory and hierarchy of needs theory, fusion of
the theoretical construction of aesthetic pleasure perception mode, and expands
on bamboo material with unorthodoxy performance applied to fashion styling
design. In addition, the “questionnaire survey” reflects the public’s feelings, reac-
tions and aesthetic value of the use of unorthodox bambooworks. According to the
results of statistical analysis, the “fashion craftsmanship” (Q5) (fashion integra-
tion) in the works showed a satisfaction score of 8.43 and 8.95 with the “Bamboo
Weaving Traditional Cultural Characteristics” level. Moreover, the degree of cre-
ativity in the work is 8.36, and among the “Material--Media Expression” (F1),
“Craftsmanship--Formation” (F2), and “Style--Aesthetics” (F3) values. “Style--
Aesthetics” is the reason that affects the main characteristics of the work. The
application and performance of bamboo work in the creative world of unorthodox
materials will also carry out a new experiment in fashion aesthetics and follow-up
exploration of related extended topics in the form, concept, historical view, and
aesthetics of the work.

Keywords: Avant-garde · Unorthodox materials · Bamboo fashion styling

1 Introduction

Nantou county in Taiwan where bamboo craftsmanship is well-known overseas in
Zhushan town. By exploring the bamboo culture, it inspires any possibility for tradi-
tional bamboo culture craftsmanship and fashionable overall design, which makes the
development of bamboo characteristics in design industry to make the traditional skills

© Springer Nature Switzerland AG 2021
P.-L. P. Rau (Ed.): HCII 2021, LNCS 12773, pp. 3–13, 2021.
https://doi.org/10.1007/978-3-030-77080-8_1
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into a new style in the era. This research combines bamboomaterials with the installation
techniques of fashion styling design, and using various bamboo weaving techniques to
show the new aesthetic style of contemporary creation of overall fashion styling.

With the development of society, people have surpassed the instinctive needs of
animals, and the emergence of spiritual needs has produced a wealth of spiritual life
and consciousness. Considering the stage of traditional bamboo handicrafts transform-
ing from its practicality into aesthetics thinking, Breaking-through bamboo handicrafts
should no longer be limited to making traditional practical living utensils. In order to
combine bamboo craft weaving with fashion styling design, it is hoped that bamboo
products can also be promoted in the industry and used creatively. Instead, it should be
expressed in different art forms, breaking away from the tradition and creating a different
new style.

A questionnaire survey was derived from teaching experience mainly implemented
from the three directions(Main-factors) of “Materials”, “Craftsmanship” and “Style”,
which focusing on 9 sub-factors as follows: “Alternative Materials” (Q1), “Techno-
logical Novelty” (Q2), “Visual Expression” (Q3), “Material Emotions” (Q4), “Fash-
ion Application” (Q5), “Symbolic Representation” (Q6), “Model Shaping” (Q7),
“Innovative Performance” (Q8), “Taste Cultivation” (Q9), to explore the relationship
and value of “Material--Media expression” (F1), “Craftsmanship --Formation” (F2),
“Style--Aesthetics” (F3) (see Fig. 1).

The results of the study were expected to reinforce theoretical support for bamboo as
unorthodox used materials, especially in fashion styling design. Therefore, the research
purpose can be briefly described as follows:

1. Discussing the cognition of bamboo as unorthodox materials in fashion styling
design.

2. Explore the artistic expression of bamboo as a medium for avant-garde fashion
styling.

3. Incorporating the essence of traditional bamboo culture into contemporary crafts-
manship, technology and aesthetic creation.

Fig. 1. The evaluation of creative “heterogeneity” in design works
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2 Literature Review

2.1 Avant-Gardism

Using bamboo and traditional weaving craftsmanship, this article uses avant-gardism to
deconstruct the artistic ideology, to expose and change the new style of bamboo works,
and become a creation with the status of traditional works and a new discourse mode.
Under the thinking of avant-gardism [2], the profound thinking of using bamboo as
the fashion styling design-behind the action, the artistic rules of revealing and covering
are a purpose with profound significance [7]. The self-discipline of creative aesthetics
under avant-gardism can bring about the core principles of works, and the goal is to
sublate the “cynicism” of art and life. Avant-gardism questions the visible reality and
reveals that reality does not exist as a “total” as characteristic. It reveals reality as a
kind of construction, and the existence of reality is basically irregular, fractured and
contradictory without the characteristics of “integrity”. It serves as a preliminary task
for the exploration of postmodernist aesthetics, continuing to involve themselves in
contradictions in artistic norms, and use deconstruction as the definition, norms and
conditions of art popular to create “indescribable themes” [5]. This fashion styling design
work created with bamboo materials will later respond to the value of its work with
statistical analysis. The World of Wearable Art Awards Competition of New Zealand
(WOW) artworks are the fusion of creativity and avant-garde creation presented in the
global avant-garde Wearable art award competition [8].

2.2 Aesthetic Experience

Hekkert based on the original aesthetic experience map of Leder et al. (2004), proposed
the perceptionmodel of aesthetic pleasure as shown in Fig. 2, showing the emotional state
of aesthetic experience, from the self-operational work to the aesthetic judgment of the
perceiver (Aesthetic judgment) or aesthetic experience pleasure. The process of which
starts with perceptual analysis, implicit information integration, explicit classification,
and cognitivemastering. After the evaluation, an aesthetic judgment or aesthetic pleasure
experience is produced. This model to be used in bamboo styling works, is to clarify the
perception of aesthetic pleasure and is deeply influenced by personal past experience [1].
The schematic relationship between fashion styling design [6] and theoretical framework
of aesthetic experience can be also shown in Fig. 2.

3 Research Methodology

3.1 Research Process

This researchwas based on the graduation project of graduate students’ works ofApplied
Cosmetology Department of Hungkuang University, Taiwan. An online questionnaire
was developed to examine the standard of the “Heterogeneity” avant-garde concept
of using bamboo as the physical materials to being transformed by the designer into
appearance materials or appearance design works. A total of 91 questionnaires had been
returned. After obtaining the data required for style analysis, a statistical technique of
multiple regression analysis was employed to explore and evaluate the significance of
these relations in the design works (see Fig. 3).
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Fig. 2. Converted schematic diagram of the relationship between bamboo fashion styling design
and theoretical framework of aesthetic experience from Leder et al.

Fig. 3. Bamboo armor, bamboo works on fashion styling design

3.2 Research Framework

This research framework mainly illustrates how the case study could be used to develop
the process to reach the conclusion from artist to audience. The figure illustrates the
9 items (questions) in the questionnaire content (from Q1 to Q9). The purpose was to
decode the coding of the designer or creator’s work to audiences. The decoding process
was to understand the conversion from the technical level of the work to the semantic
level, to reach the effectiveness to get the meaning. In addition, it also involved from
the emotional material, through the aesthetic process, to create the emotional image and
finally aesthetical experience would be obtained. Meanwhile, 9 items (questions) in the
questionnaire were used to have further analysis (see Fig. 4).



The Unorthodox Use of Bamboo in Fashion Styling Design 7

Fig. 4. Research framework for case study

3.3 Research Stimuli

These 9 sub-factors (Q1–Q9) as a test to discuss the topic, were being consulta-
tion with experts and scholars. The participants of questionnaire survey were com-
posed of graduate and undergraduate students. A total of 91 participants completed the
questionnaire.

4 Results and Discussions

4.1 Analysis the Degree of Preference

This study analyzed 91 participants’ impression towards design works. Evaluation was
used on the degrees of 9 sub-factors (Q1–Q9) demonstrated in the design works. A
preference and mean scores were for evaluating overall impression and the outcome was
shown in Table 2. The first rank was “fashion Application” for “process integration”
(Q5), and the last would be “Taste Cultivation” for “Self-realization” (Q9) (Table 1).

4.2 Variation Analysis for Three Groups of Students

F1, F2, F3 showed no significant differences for the three groups of questionnaire survey
test (Table 2).
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Table 1. The ranking degree of preference

Table 2. Variation analysis of F1, F2, F3,M for three groups of students (anova)

4.3 T Test of the Effect Gender

Gender differences slightly different for F1, F2, F3. In other words, the average score of
male was generally higher than the average score of female but not up to par (Table 3).

Table 3. T test of the effect gender on F1, F2, and F3 in the study sample (N = 91)

4.4 Construct Validity for F1, F2, F3

Construct Validity for F1, F2, F3, showed that communalities were higher than .5. The
elgenvalue was higher than 1.0, factor loading was higher than .7, % of variance was
higher than 50%. This conclusion showed that the way to constitute F1, F2, F3 from Q1
to Q9 were acceptable (Table 4).
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Table 4. Construct validity for F1, F2, F3

4.5 Reliability Analysis on F1, F2, F3

From this reliability analysis, the whole scale of F1, F2, and F3 values were .936.and α

deletion of 9 items (Q1–Q9) in lower than .936, which showed the reliability). For the
overall reliability analysis, the Cronbach α and the average value of F1, F2, and F3 were
all together greater than 0.7. Therefore, this reliability analysis was reliability predictive
(Table 5).

Table 5. Summary for reliability analysis on F1, F2, F3

4.6 Multiple Regression Analysis on Creativity Level

The F1,F2 and F3 in themultiple regression analysis model to “Creativity Level” showed
that F value of the overall regression model reached 59.642 (p< .05), which showed that
a significant correlation between the independent and dependent variables. Produced R2

= .673, F = .820, suggested a statistically significant association between independent
variables and the dependent variable (p < .05). It could be seen in Table 7, F3 (Visual
Expression) scales had significant positive regression weight, indicated the design works
with higher scores on the F3 was expected to have the strongest significant to “Creativity
Level” (Table 6).

4.7 Multiple Regression Analysis on Preference Level

The F1, F2 and F3 in the multiple regression analysis model to “Preference Level”
showed that F value of the overall regression model reached 71.106 (p < .05), which
showed that a significant correlation between the independent and dependent variables.
Produced R2 = .710, F = .843, suggested a statistically significant association between
independent variables and the dependent variable (p < .05). It could be seen in Table 8,
F3 (Visual Expression) scales had significant positive regression weight, indicated the
design works with higher scores on the F3 was expected to have the strongest significant
to “Preference Level” (Table 7).
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Table 6. Multiple regression analyses with fundamental relationsas the dependent variable
(creativity level)

Table 7. Multiple regression analyses with fundamental relations as the dependent variable
(preference level)

4.8 Multiple Regression Analysis on Tradition Bamboo Culture Level

The F1, F2 and F3 in the multiple regression analysis model to “Tradition Bamboo
Culture Level” showed that F value of the overall regression model reached 18.020
(p < .05), which showed that a significant correlation between the independent and
dependent variables. Produced R2 = .383, F = .619, suggested a closed statistically
significant association between independent variables and the dependent variable (p <

.05). It could be seen in Table 8, F3 (Visual Expression) scales had significant positive
regression weight, indicated the design works with higher scores on the F3 was expected
to have the strongest significant to “Tradition Bamboo Culture Level” (Table 8).

Table 8. Multiple regression analyses with fundamental relations as the dependent variable
(tradition bamboo culture level)
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4.9 Multiple Regression Analysis on Color Contemporary Application Level

The F1, F2 and F3 in the multiple regression analysis model to “Color Contemporary
Application Level” showed that F value of the overall regression model reached 33.500
(p < .05), which showed that a significant correlation between the independent and
dependent variables. Produced R2 = .536, F= .732, suggested a statistically significant
association between independent variables and the dependent variable (p < .05). As
could be seen in Table 8, F2 (Q2, Q5, Q8) scales had significant positive regression
weight, indicated the design works with higher scores on the F2 (Craftmanship) was
expected to have the strongest significant to “Color Contemporary Application Level”
(Table 9).

Table 9. Multiple regression analyses with fundamental relations as the dependent variable (color
contemporary application level)

5 Results and Discussions

The degree of “creative level” in the works of Q1–Q9 is prominent in F3 (Q3, Q6,
Q9). This research selected 9 items (sub-factors) from “Alternative Material”, “Material
Emotion”, “Model Shaping”, “Technological novelty”, “Fashion Application”, “Inno-
vative Performance”, “Visual Expression”, “Symbolic Representation” and “Taste Cul-
tivation”, to evaluate the degree of the of bamboo used in design work. The results of
related research through quantitative analysis after the questionnaire surveys showed
that 9 sub-factor of “Fashion Application” (Q5) (8.43) is the highest scores, and “Taste
Cultivation” is the lowest from 9 items.

Generally, the scores of 9 items all exceed 8 points, indicating that the scores of
the 9 items of the works are not too far apart. Besides, the “Fashion Application” (Q5)
(8.43), “Visual Expression” (Q3) (8.38) and “Alternative Material” (Q1) (8.37) are the
first three important ranking to the design works from 9 sub-factors. Mean of F1, F2, F3
(or Q1–Q9) was 8.30. Simultaneously, 9 items are distributed into 3 factors of “Mate-
rial”, “Craftmanship”, and “Style”, showing that the sub-factors that affect the level
of “creative”, “preference”, “traditional bamboo weaving cultural characteristics”, in
the work are from “Visual Expression” (Q3), “Symbolic Representation” (Q6) [9], and
“Taste Cultivation” (Q9). Another sub-factors affected for “Contemporary application
of colors” are “Technological Novelty” (Q2), “Fashion Application” (Q5), “Innovative
Performance” (Q8).

The result can be used as a reference for subsequent performance research in bamboo.
F1 for “Material-Media expression” (Q1, Q4, Q7), F2 for “Craftsmanship-Formation”
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Fig. 5. The schematic diagram of bamboo fashion design and research model

(Q2, Q5, Q8), F3 for “Style-Aesthetics” (Q3, Q6, Q9) showed significant differences
for the three groups of questionnaire test. Through variation analysis for T Test of the
effect gender, the average score of male was generally higher than the average score of
female, but not up to par. Construct Validity for F1, F2, F3 tested could be acceptable.
Reliability Analysis was reliability predictive. Multiple Regression Analyses on level
of “Creative”, “Preference”, “traditional bamboo weaving cultural characteristics” and
“Color Contemporary Application” had showed the strongest significant to the research.
Through the development of the theme research, a complete research framework diagram
was established as follow: (Fig. 5).

Among the many unorthodox materials to engage in image styling creation, bamboo
was one of the few that used on overall image design products. Most of the reasons
focusing on bamboo was due to its toughness physical function to aesthetic function
[3]. Through the questionnaire survey we concluded that bamboo materials can be used
as the material or design in fashion styling industry. It provided an aesthetic discussion
of the application of unconventional materials as a media with pleasure images [4] in
human image appearance design.

Acknowledgements. Special thanks to the experts and scholars of the Creative Industry Design,
Gradual school of National Taiwan University of Arts for their assistance and suggestions in this
article.
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Application of Four-Chain Integration Theory
on Cultural Derivative Design — A Case Study

of Shanghai History Museum
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Abstract. The development of society, the increase of people’s income and other
factors have driven the upgrading of tourism consumption.In recent years, with
the rapid development of social new media, there are more and more ways to
spread culture, and the innovative development of cultural derivatives has become
one of the important links. Excellent cultural derivatives can greatly improve the
status of culture in social groups and establish regional cultural brands. Due to
the impact of modern new technologies and new models, the design of cultural
derivatives is also facing new opportunities and challenges in integrating historical
features, creating scale experience and providing good services. As to the prob-
lems and insufficiency in derivatives innovation and development, this study takes
Shanghai History Museum (SHM) culture derivatives design as an example, by
adopting evaluation principle and Semantic DifferentialMethod, to evaluate view-
ers feedback in products, interactive, service, brand four dimensions on the basis
of investigation and questionnaire research.With the integration of the above prin-
ciples, this study defines cultural derivative design with a new logic, clarifies the
development paradigm of cultural heritage inheritance and innovation, to improve
the realistic value of cultural heritage.

Keywords: Four-Chain Integration Theory (FCIT) · Cultural and Creative
Product Design · Semantic Differential Method (SD) · Design evaluation

1 Background

Shanghai is an international first-tier city with rich cultural heritages. Since opening
its port in 1843, Shanghai has rapidly developed from an offshore fishing village into
the most prosperous port and economic and financial center in the Far East at that
time, known as the “Ten-mile Foreign Market” [1]. Cities which known as global cities,
without exception, have integrated historical traditions and cultural heritages into urban
development planning and spiritual shaping. This preserves and protects a large number
of intangible cultural heritages, such as knowledge, ideas, objects, skills, ceremonies
and festivals, thus highlighting the uniqueness of the city.

The city history museum is responsible for protecting the regional heritage, build-
ing a window for cultural exchange and promoting the development of local culture.
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However, due to the new landmark semantics brought by museum construction and the
impact of new technologies and new models brought by modernization, museum cul-
tural creation is often faced with challenges and opportunities in integrating historical
features, creating humanized scale experience and providing good services. Therefore,
as a medium to maintain museum and external space, cultural and creative derivatives
of museums urgently need to build design paradigm according to people’s needs and
objective environment, and promote the orderly and dynamic development of cultural
heritage.

The domestic some museum or institution on the living condition of the traditional
culture conducted a series of exploration and attempt, most are of the type of tour visit,
and the same souvenir sales, unable to form a complete theoretical framework. This paper
taking SHM as an example, aimat cultural and creative derivatives of the Museum as the
research object, and sets twelve indicators for the practicality and representativeness of
the products, the humanization of the use experience, the completeness of the service
system and the degree of brand communication, which are oriented to every tourist.

2 Research Design

2.1 Four-Chain Integration Theory

Product chain emphasizes the physical logic of design, through the resonance of new
materials, new processes, new technologies, new models, to bring visitors unique prod-
ucts. Faced China’s rich cultural heritage, a series of product designs for relevant cultures
can be carried out to help cultural heritage better transform into economic value.

Interaction chain emphasizes the behavior logic, achieving the optimized experience
through the link of information, and bring users experience value. With the development
of science and technology and the Internet, interaction design has been integrated into
life in various forms, including product design, user experience, service design, new
media design, installation art, space interaction and other directions.

Service chain emphasizes the system logic of the whole process. By redefining the
service process design, it connects products, experiences and service systems. Explore
the needs of each stakeholder in the system, construct an overall service framework, and
design all kinds of contacts in the service framework. It uses services to create better
experience and value for users and other stakeholders in the system.

Brand chain emphasizes image logic, through visual transmission of brand connota-
tion, so as to establish the communication between the brand and users. Brand chain puts
more emphasis on the IP building of relevant brands and emphasizes the re-innovation of
IP elements. At the same time, it helps enterprises to build their image, form brand value,
deepen the memory of consumers, and enhance the sense of belonging and identity of
consumers by combining the accumulated innovation experience for a long time.

2.2 SD Research Method

SDmethod is a psychological measurement method proposed byAmerican psychologist
C.E.Os good in 1957 [2]. By constructing semantic psychological test, the audience’s
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perception of the product and experience is collected quantitatively, and using the lan-
guage scale to measure psychological feeling. The measured results were presented by
Likert scale and analyzed by certain statistical methods. The SD method usually selects
multiple groups of adjectives with opposite meanings related to the research object.
The gradient of each pair of phrases is generally 5–11. By drawing the collected data
into a chart, the semantic difference can be obtained and the psychological perception
characteristics of the environment can be intuitively obtained, thus to provide a basis for
further research.

2.3 Research Goal

Tourists score concepts and things according to their own subjective consciousness and
feelings through the SD scale, and then extract emotional semantic vocabulary according
to the emotional needs of target users. The evaluation data and statistical analysis are
integrated to establish a database of tourists’ emotions, and the results are converted
into a reference source of modeling language used for designing products, interactions,
services and brands [3].

Based on the SD curve, actual investigation and interview, this paper makes a com-
parative analysis of the cultural derivatives of SHM from four dimensions: product
chain, interaction chain, service chain and brand chain. Then explore the advantages and
disadvantages of cultural and creative derivatives of historical museums in these four
dimensions, demonstrate the feasibility and development value of the FCIT in the cultural
derivatives industry, and provide data analysis support for the follow-up research.

3 Results

3.1 Evaluation Factor Selection

The selection process of emotional words mainly includes four steps [4]. In the first step,
we collected 365 emotion-related words from more than 30 articles of previous scholars
on cultural creation derivatives. The second step is to discuss with industry experts and
select and retain 120. Step 3: Eliminate repeated words and combine similar words to
keep 90. The fourth step is to select the antonyms and synonyms of each word. Finally,
through discussion, a total of 16 pairs (32 pairs) are derived as comprehensive evaluation
factors (Table 1). The process of selecting evaluation factors is shown in Fig. 1.

Fig. 1. Emotional words collection



Application of Four-Chain Integration Theory on Cultural Derivative Design 17

Table 1. Evaluation factor

Value dimension Evaluation gene Adjective couple

Product value Product innovation Rigescent Vivid

Product uniqueness Ordinary Personalized

Product friendliness Vulgar Elegant

Product line diversity Simplex Multiple

Interactive value Thinking mode Contemplative Enlightening

Guide way Dedicated Emanative

Focus degree Central Dispersive

Science sense Traditional Technological

Service value Service comfort level Ice-cold Genial

Service opening level Private Open

Facility level Rough Complete

Atmosphere creating Hidebound Relaxed

Brand value Economy efficiency Low-cost performance High-cost performance

Artistry Conservative Original

Cordial degree Approachable Stately

Connotation degree Unitary and boring Sincere

3.2 Questionnaire

The SD questionnaire consists of three parts: basic information, evaluation form and rec-
ommendation. Combined with domestic and foreign experience, four groups of 16 pairs
of evaluation factors are finally determined, reflecting the four dimensions of product
design, interaction design, service design and brand building. In order to improve the
fineness of the questionnaire, an appropriate five-layer gradient was adopted in the eval-
uation table. The two poles were distinguished by “very”, “comparison” and “general”,
with values of −2, −1, 0, 1 and 2 [5].

The questionnaire is divided into two groups: the professional group, which is dom-
inated by art majors, and the non-professional group, which is dominated by tourists
and residents. In the pre-investigation, it was found that the professional group had a
high integrity and clarity of cognition on the cultural derivatives system. However, for
non-professional groups, it is difficult to complete the questionnaire, and there will be a
certain scrap rate [6]. During the whole experiment, a total of 120 questionnaires were
sent out, including 40 from the professional group and 80 from the non-professional
group. The recovery rate of 40 from the professional group was 100%, and 74 from the
non-professional group was 93%.
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3.3 Experiment Result

The score values of each factor of 114 valid questionnaires were grouped into groups to
get the average score. Then the score values were used as the coordinate axis to draw the
visual radar chart. It can intuitively show the respondents’ comprehensive evaluation of
the product (Fig. 2).

Fig. 2. Radar chart of questionnaire results

As can be seen from the radar map, professional for each factor scored an average of
four dimensions above the number 0, it scoredmore than 1 point in six evaluation factors,
including personalization, dispersion, completeness and ease, sincerity and novelty, the
other is 0–1 points. On the perception of cultural derivatives for professional evaluation
is satisfied. Non-professional group for the average scores of most factors above the
number 0. It scored negative in three evaluation factors, such as diversity, divergence
and service openness, and more than 1 in personalization, completeness, novelty and
sincerity, other factor score between 0–1. It indicated that the non-professional group’s
perception evaluation of cultural derivatives was between the mean and satisfaction, and
did not reach a relatively satisfactory evaluation result.

4 Discuss

4.1 Product Chain

Product chain is market-oriented, use cultural heritage as the material to design and
manage products. This whole set of processes will have a greater impact on a cultural
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heritage. It is not only for the inheritance skills of cultural heritage, but also for the
innovation, inheritance and related development methods of culture. Excellent serialized
product design can even have a greater radiation effect on the development of the entire
cultural industry and related industries.

The cultural derivatives of SHM can be divided into travel, practical, entertainment
and aesthetics categories according to their categories. The four categories are basically
evenly distributed, among whichmemorial and jewelry account for a slightly higher pro-
portion, while other categories of daily necessities, school supplies, postcards, electronic
toys and handicrafts are evenly matched (Fig. 3).

Fig. 3. Cultural derivative products of Shanghai History Museum

From the SDaverage score of product dimension, it can be seen that users are satisfied
with the “personalization” and “vivability” of the product, and think that this series of
cultural derivatives can better highlight the characteristics of the museum. However, the
product diversity score is relatively low, even is significantly lower than 0, indicating that
there is still room for improvement in product line richness. In conclusion, the perceptual
evaluation of product value dimension is generally moderate.

4.2 Interaction Chain

After product development, interactive chain focuses on taking a cultural heritage as
an integral cultural industry to graft to other industries, and developed as an important
resource. With the market as the final guide, the overall layout of cultural heritage is
carried out, so that cultural heritage and related products from the inside out to the
market.
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Interaction design has penetrated into every aspect of our life, and even fields unre-
lated to design are experiencing a drastic industrial revolution of interaction, digital-
ization and informatization [7]. The interactive chain needs to accurately determine the
corresponding category based on offline research and online big data analysis, and find
the interactive contact points between users and products, so as to continuously optimize
the relevant interactive experience and meet the positioning requirements of different
channels.

The derivative series of SHM mainly extracts the cultural elements of Shanghai to
make the prototype selection, so as to determine the style intention and design concept.
To find the contact point between Shanghai history and modern popular culture and truly
break down the “wall” between the masses, especially the young people and Shanghai
history.

In the average SD score of interaction dimension, it can be seen that only two factors
score more than 0, and the rest two scores are distributed between 0 and 1. Among
them, the score of “divergence” and “technology sense” is lower than 0, indicating that
more energy should be spent on the application of new technology and new function. In
addition, the enlightening score is lower than the comprehensive average score, indicating
that there is still a great room for improvement in the process of linking history with
modern trends.

4.3 Service Chain

Service chain is mainly aimed at the systematic design of the strategy, concept, product,
management, process, service, use, recovery and other aspects involved in the product
service system [8]. Through the integration of offline space, display layout and online
platform, establish a system conducive to unified business. At the same time, focus on
“drainage + experience” to ensure the development of commercial ecology. Relevant
big data of service sales to lead another round of product development and redefine the
product appeal.

The service chain of Shanghai History Museum mainly links four levels: brand,
design team, supplier and platform, so as to complete the whole process of product
authorization, design, manufacturing and marketing. SHM provides copyright and con-
tent, and is responsible for sample review; The design team completed product screening
and content mining, and completed the final design through element extraction, process
definition, color definition and so on; Supplier is responsible for product proofing and
mass production; The final platform is responsible for traffic import, online sales and
online promotion. To sum up, complete the whole process management of the service
chain (Fig. 4).

In the SD average score of the service dimension, the scores of three factors are
more than 0, the scores of “completeness” and “ease” are both higher than the overall
average score, indicating that the service chain basically meets the needs of buying and
experiencing pleasure. However, the score of the friendliness is low, and the score of
the openness is negative, indicating that the building of the atmosphere of the purchased
space still needs to be improved.
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Fig. 4. Service chain of Shanghai history museum

4.4 Brand Chain

Brand chain is centered on brand cultural resources. By systematically sorting out vision,
mission and values, the core of brand value is extracted to make regional cultural brands
more consumer oriented and enhance brand affinity and popularity [9]. Through all
kinds of promotion means, to achieve the perfect communication between the brand and
consumers.

Among the elements and features of the cultural derivative design of SHM, it not
only takes the folk and interesting stories of old Shanghai as the theme, but also shapes
the IP elements of the life of old Shanghai. Also render young cartoon IP elements with
fantasy myths about Shanghai as the theme. Overall derivatives are presented at high,
medium and low levels. According to different consumer groups, IP design is completed
in three directions: classic IP elements, expanded IP elements, and IP elements combined
with current affairs.

In the average SD score of brand dimension, the four factors are all higher than
0, “novelty” and “sincerity” scores are all higher than 1, significantly higher than the
overall average, indicating that the general public is very satisfied with the brand image.
However, it has a low score in terms of cost performance, which also provides a direction
for the later design direction and supply chain management.
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5 Conclusion

Through questionnaire and experimental analysis, the results emphasize that FCIT in
design period of cultural derivatives reveals a strong practical value. This study explored
related patterns trials about the product chain, interaction chain, service chain, brand
chain four dimensions. With the empirical case study of Shanghai History Museum, we
indicated that these four aspects play an important role in the process of cultural heritage
protection and inheritance innovation.

In addition, this study clarified the development paradigm of cultural heritage inher-
itance and innovation, driving cultural heritage develop in orderly and dynamic way, as
well as to improve the social value of traditional culture and to realize the economic
value. Furthermore, this study attempts to serve as a reference for other cultural heritage
inheritance and innovation in the context of cultural soft power improving of China.

With respect to research methodology, the SDmethod used in this study can directly
obtain the tourists’ perception of the cultural derivatives of the museum, so as to directly
feel the propagation effect of culture. However, due to different interviewees’ under-
standing of adjectives, the results cannot fully reflect the objective situation. Moreover,
the lack of questionnaire respondents led to another limitation in this study.
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Abstract. The Southern ivory carving is a folk carving art and craft represented
by the Guangzhou area of China, which began in the Qin and Han dynasties and
flourished during theMing and Qing dynasties. The Southern ivory carving skill is
exquisite and famous for its hollowed and pierced carving skills. With the banning
of ivory carving materials, it has gradually declined. It was included in China’s
National Intangible Cultural Heritage List in 2006, emphasizing the preservation
of exquisite skills and the live transmission. The study analyzes the three levels of
the Southern ivory carvingCulture, Outer level,Middle level, and Inner level, form
a design model that corresponds to the design of cultural products with a three
levels cultural transformation of appearance, function, and meaning, combining
modern digital technology and design to verify the design model with case design,
and analyze the inheritance model of the Southern ivory carving culture and skills
in the process of modern life. Make the communication and design of intangible
cultural heritage full of vitality.

Keywords: Chinese Southern ivory carving · Inheritance model · Innovative
design

1 Introduction

From ancient times to modern times, ivory carving has a long history and is one of the
representatives of traditional handicrafts. It is a local traditional handicraft that uses ivory
as rawmaterial for carving, and has high cultural and artistic value. It has been the subject
of attention and research all over the world (Johnston 1983; KE 1994; Jeanmichel 1999;
Gansell et al. 2014; Lin et al. 2017). Its development history can be traced back to the
tomb of the Nanyue King, 2100 years ago. It contains ivory carved seals and other items.
According to the “Book of Jin”, during the Wei and Jin Dynasties, artisans in
Guangzhou had already made ivory seats. In the Tang Dynasty, Guangzhou tooth sculp-
tures weremostly stationery, combs, vases and other utensils, and the industrialization of
tooth sculptures was obvious. An ivory carving workshop is formed at the intersection
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of Beijing Road and Huifu Road in Guangzhou. The art of hollowing out during the
Song, Yuan and Ming Dynasties developed rapidly, from two-layer hollowed-out ivory
ball carving to multiple layers, and a large number of ivory chopsticks and ornaments
entered the daily lives of citizens. During the Qing Dynasty, Guangzhou’s dental sculp-
tures developed to their peak. After Guangzhou opened to the outside world for trade,
the production of dental sculptures ranked first in the country. There are hundreds of
ivory carving shops in Daxin Street, Guangzhou, employing as many as 2,780 people.
As shown in Fig. 1, the Guangzhou ivory carving craftsman photographed by Scottish
photographer John Thomson. Dental carvers are world-renowned for their unique skills
such as carving and inlay.

Fig. 1. Guangzhou ivory carving craftsman during the Qing Dynasty (photographed by Scottish
photographer John Thomson).

Southern ivory carving gradually formed a complete set of exquisite carving crafts-
manship in long-term craft practice, and became one of the outstanding representatives
of traditional Chinese handicrafts, forming a unique carving style and characteristics.
Southern ivory carving works focus on carving craftsmanship, carving, inlay and weav-
ing techniques, and absorb a large number of Persian styles and European “full carving”
craftsmanship, and pay attention to bleaching the ivory, making the works exquisitely
polished. It is famous for its hollow and deep carving techniques. It has a variety of
creative themes and varieties, and is closely related to the utensils used in daily life at
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home and abroad, such as pierced flower folding fans, necklaces, chess, cigarette holders,
powder boxes and tooth combs.

Therefore, it can be seen that during the development process of Guangzhou den-
tal sculpture, not only the craftsmanship developed earlier, the historical and cultural
heritage is deep; but also the rapid development, the craftsmanship industrialization
model is obvious, the variety is integrated into daily life, and the development of mar-
itime trade will form a better circulation spread. Most domestic and foreign research
scholars pay attention to the history of the rise and fall of Guangzhou dental sculptures,
the carving crafts, the appreciation of fine products, and the identification of materials.
It is a very traditional inheritance study and is no longer suitable for the spread and
development of today’s dental sculpture culture. Because ivory materials are special and
precious engraving materials, and the requirements of environmental protection, ivory
materials are restricted. Not only is the output reduced, but the number of people who
inherit and learn is decreasing, and related research is also gradually decreasing. The
protection and inheritance of dental carving skills is very difficult. How to inherit dental
carving craftsmanship and innovative development is a problem worth exploring and
researching.

2 The Dilemma of Inheritance and Communication of Southern
Ivory Carving Culture and Craft

Nowadays, Southern ivory carving is in three dilemmas: there is no tooth to carve, Lack
successors, and the skill is about to be lost. Under the global awareness of environmental
protection, ivory and sculpture works are gradually banned, and raw materials are no
longer available for carving. There are fewer and fewer people learning to sculpture, and
the transaction is gradually decreasing. Modern heirs are all over 60 years old, and can
no longer sculpt new works after their eyesight has deteriorated. However, their children
are unwilling to continue learning dental carving techniques. The techniques of ivory
weaving and silk splitting in the southern tooth carving craft have been lost, and the two
handicrafts of micro carving and open carving tooth balls are about to be lost.

After limiting the ivory materials, the inheritors of Guangzhou ivory carving have
been exploring and trying newmaterials to replace African ivory. It is hoped that through
the transformation of materials, the dental carving craftsmanship can be preserved, so
that the aesthetics and subtle skills of dental carving works can be continuously inherited
and developed. The master craftsman is constantly exploring new ways of communica-
tion and development. The master of craftsmanship Zhang Minhui replaced the buffalo
bone with the innovation of ivory materials, and borrowed from the Ming and Qing
wood mortise and tenon craftsmanship and traditional mosaic craftsmanship, so that the
inlaid crafts have been reborn. During the period, he created countless new works, such
as “Happiness as Immense as the Eastern Sea ”, “Litchi Bay Area of the
Regional Customs”, “Everything goes Well ”, “The New Image of Yuexiu
Area ”, “Icing on the Cake ” and “Four Seasons”, etc. As shown
in Fig. 2. Bone as a material fusion dental carving craftsmanship, won the gold award
in the provincial or national competitions (He et al. 2013).
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Fig. 2. The bone carving work “The New Image of Yuexiu Area” based on the
ivory carving technique innovation

However, the characteristics of buffalo bone materials are different from ivory mate-
rials. They still only solve part of the problems, and some crafts and works cannot be
realized. Just like the carved ivory ball, the most prominent feature of Guangzhou dental
carving, it cannot be carved with buffalo bones. Only ivory can be used to carve a multi-
layer rotating ball. Because of the extremely skillful uncanny workmanship extremely
finecraft, it is called “Superlative Craftsmanship Ball”. When making him, it has to go
through many complicated processes such as cutting, embossing, drilling, leveling, and
carving. An ivory ball can be carved dozens of layers, each layer can be rotated, each
layer has carved patterns. The 30-story ivory sculpture ball won the gold medal at the
1915 “Panama-Pacific International Exhibition” (Zheng and Lu 2008). It later developed
to the 60th floor, and now it can no longer be passed on and developed. The wonderful
craftsmanship of ivory carving balls is on the verge of being lost.

3 Inheritance Model and Innovative Communication of Southern
Ivory Carving

When discussing the issue of cultural inheritance, using innovative design methods
and establishing good communication channels will be conducive to the inheritance of
ivory carving culture. How to innovate and inherit the culture starts with analyzing the
cultural level. Culture can be classified into three layers: (1) Physical or material culture,
including food, garments, and transportation related objects, (2) Social or behavioral
culture, including human relationships and social organization, and (3) Spiritual or ideal
culture, including art and religion, as shown in the bottom of Fig. 3 (Lin 2007). These
three culture layers can be fitted into Leong’s three culture levels given above (Leong
and Clark 2003). Since cultural objects can be incorporated into cultural design, three
design features can be identified as follows: (1) the inner-level containing special content
such as stories, emotion, and cultural features, (2) the mid- level containing function,
operational concerns, usability, and safety, and (3) the outer-level dealing with colors,
texture, form, decoration, surface pattern, line quality, and details (Leong and Clark
2003; Lin 2007; Lin et al. 2017; Gao et al. 2018).
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Fig. 3. Cultural product and inheritance model

As shown in Fig. 3,based on the three levels of culture, the outer, middle, and inner
layers, the characteristics of traditional culture are also analyzed, and the three aspects
of traditional elements, inherited craftsmanship and inherited spirit are transformed (Lin
and Lin 2010). In the process of inheritance and transformation, it is expressed as visual
elements, traditional craftsmanship, experience and reaction. Further realize digital inno-
vative design and innovative communication methods. Take the Southern style ivory
carving culture as an example. The culture will be inherited from the three levels of
visually visible ivory carving works, special handicrafts, story and spirit. Combining
modern technology with traditional culture, truly adapt to the cognition and learning
methods of modern life, andmeet the design needs of contemporary life. It is an effective
way to inherit the traditional ivory carving culture.

4 Cases of Using Virtual Technology for Innovative Communication
and Design

Combining modern science and technology with traditional crafts and culture, using vir-
tual reality technology to integrate southern ivory carving. Virtual simulation technology
is not limited by ivory materials, and it is simple and fast to develop experimental experi-
ence and innovative design, increasing interactive experience and learning fun. Through
the joint realization of 3D modeling, environmental simulation and calculation process-
ing, the experience can watch dental sculpture works from multiple angles as a general
audience, visit the craft scene, and can also be used as a virtual dental craftsman for
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experimental operation and interactive experience, thus realizing Guangzhou Ivory For
the reproduction and simulation of carving culture and craftsmanship, the overall frame-
work consists of three parts, namely the data resource layer, the situational simulation
layer and the resource display layer, as shown in Fig. 4, a data resource layer is formed
through a large amount of data collection and analysis. Use 3d modeling to simulate
carving materials, handicraft processes, carving tools and environment, use unity3d for
program development and function development, interactive interface design, produc-
tion of practical operating platforms, and continuous modification to form a real ivory
carving situation. In order to form a visible and usable resource display layer. We can
use the virtual software platform for users to learn and practice ivory carving.

Fig. 4. The framework and implementation process of applying virtual reality technology to
Guangzhou ivory carving

The digital recording and protection of Guangzhou dental carving craft requires real
data collection and data analysis. Through in-depth interviews with the inheritors, the
national representative inheritors Zhang Minghui, Weng Yaoxiang and his son Weng
Zhanxuan were selected as objects. Through many in-depth interviews, the operation
process of traditional and modern ivory carving techniques was recorded, and a large
number of digital shootings were completed, and technical details were broken down.



Inheritance Model and Innovative Design of Chinese Southern 29

Fig. 5. Material names and virtual simulation effects mainly used in ivory carving

Choose the most representative ivory ball of southern ivory carving, and use its produc-
tion process to show the production process. Organize and edit traditional and modern
carving materials and tools, as shown in Fig. 5, and list the main names and virtual
simulation effects. Such as traditional ivory and buffalo bones, carved ivory balls, ivory
carving elements, traditional carving knives, gap-bed lathe, Modern ivory carving tool
table and flexible shaft carving machine, etc.

The virtual simulation platform interface shown in Fig. 6. First, learn the history
and culture of southern ivory carving, and then appreciate the representative works. The
multi-layered ivory ball can be rotated freely to appreciate the beauty of the carving in all
directions. Next is to enter the ivory carving workshop to learn about materials and tools
step by step. Then enter the experimental link, turn an ivory segment into a spherical
shape, and evenly open 14 holes of the same size on the sphere, the closer the center of
the sphere, the smaller the hole, which is a cone-shaped hole. Next is the most difficult
layering. Divide an 18 cm sphere into dozens of layers (the thickness of each layer can
be determined according to calculations). It is also when the ivory ball is the easiest to
break, you must choose the right tool and be very careful. The next step is to carve each
layer inside the ivory ball, make it hollow and transparent, and complete an exquisite
carving of ivory. It not only shows the special carving skills of the ivory ball, but also
shows the new ivory carving work completed by the inlay process and the buffalo bone
material. Finally, the innovative combination method can be freely combined according
to the theme that the creator will express to complete new works, which is conducive to
stimulating the theme creativity and design innovation of traditional works.

The constructed virtual simulation platform promotes the cultivation of inheritors
of Guangzhou ivory carving and the spread of culture. Incorporated into the courses of
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Fig. 6. Virtual simulation platform interface and example of flow chart for making ivory ball

GuangzhouUniversity, such as “LingnanHeritageDigital InnovativeDesign” and “Ling-
nan Traditional Carving Art” courses, adding sculpture practice links. Two semesters
of teaching have been carried out, and 120 people have participated in the practice,
experiencing the beauty of ivory carving works and craftsmanship through interaction,
and experiencing the spirit of craftsmanship and traditional culture. At the same time,
carry out inheritor training courses to provide the society with resource sharing, promote
talent training and inheritance, protect the endangered traditional crafts and processes,
and promote and disseminate the importance of Lingnan regional culture and innovative
design.

5 Conclusions

The protection of intangible cultural heritage based on digital virtual technology has
become a new trend. For those endangered and non-copyable folk art and culture, the
use of text and multimedia means to record them in a complete and vivid manner is
conducive to their protection and inheritance. This research constructs a cross-cultural
communication and application model, quickly analyzes the value characteristics of
cultural objects from the three main levels of outer, middle and inner, and guides design
innovation and realization (Gao et al. 2018; Lin et al. 2016). Take China Southern
School Ivory Sculpture (Guangzhou Ivory Sculpture) as a case, integrate virtual reality
technology to achieve the following goals:

1. The existing text data, image data, oral data and digital publications have been sorted
out to protect the hollow carving skills that are on the verge of loss. It ismore intuitive,
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visual and logical to clearly express the process, forming a cultural communication
and experience mode that can be emotionally interactive.

2. Cross-cultural, cross-temporal, cross-regional, multi-perspective exhibition of den-
tal sculpture aesthetics, interactive and dissemination, in-depth understanding of
Chinese culture and folk crafts.

3. Build a digital virtual simulation experiment platform for dental sculpture tech-
nology, expand the audience, integrate into college education, and promote the
transformation of the training model of inherited talents.

4. Inspire creative designwith inheritancemode and cultural productmode, promote the
transformation of dental carving craft products, and meet the needs of cross-cultural
and international users.

The ivory sculpture cultural protection project that integrates virtual reality tech-
nology will be further promoted to other schools and social groups, using the Internet
to increase the speed and scope of dissemination, enhance the influence of intangible
culture, protect the handicrafts that are about to die, inherit the spirit of craftsmanship,
and carry forward the regional characteristics Culture, increase the influence of cultural
exchanges. This research only takes ivory carving as the object, and subsequent research
can also be extended to other cultural heritage.
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Abstract. Space and form play an important role in the current geometry of
recreational space and cognition of sound field. Therefore, there is different objec-
tive physical quantity information of sound energy. These concerned sounds are
related to urban development and historical and cultural characteristics and will
be highly recognizable sounds. It can be seen from the above that in urban recre-
ational streets, through the objective physical characteristics of the street sound
field sorted out, the positive evaluation can be predictably given, and the corre-
spondence between the subjective feelings of the people will be explored. If the
physical quantity of sound energy discusses the homogeneity of normalization of
the soundscape and comprehensive physical quantity information, it is afraid to
ignore the characteristics of spatial qualitative and internal variability. The cur-
rently research results propose the urban soundscape acoustic environment factors
of waterfront recreation spaces, confirm and draw distinctive sound energy distri-
bution maps and sound field perception. Understand the public’s sensitivity and
preference for sound, and explore the correlation and consistency of measurement
and computer simulation correspondence.

Keywords: Soundscape perception · Objective field measurements

1 Introduction

From the secondhalf of the 20th century [1], among the environmental indicators of urban
street development, the awareness of the impact of sound energy on the lives of residents
has gradually increased, especially in recreational areas. Residents are increasingly eager
for a pleasant and accessible soundscape environment. Control and suppressionmeasures
are processed to pursue a high-quality acoustic environment.Nowadays, themetropolis is
narrow and densely populated. In addition to the acoustic energy generated by transporta-
tion, the exposure of life sounds, and recreational activities, the auditory perception of
walking in the urban recreational spaces is the direction indicator of current soundscape
research. Residents also yearn for a quiet living environment and a dynamic soundscape
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field. However, urban acoustic energy is dominated by road-mobile vehicles, which is an
unavoidable potential influence factor in the urban development acoustic environment.
In recent years, in relevant economic activity data or social science research, most inter-
national environmental policies focus on noise control and have considerable research
norms in the energy time domain and spectrum domain. Although reducing noise levels
does not necessarily improve the quality of life of citizens [2–5]. The World Health
Organization and its national indicators try to use the high-decibel sound energy pro-
duced by transportation and industrial production to improve compliance with regional
regulations (World Health Organization, 1999 [6]; European Parliament and Council,
2002 [7]; World Health Organization, 2011 [8]), especially in the urbanization develop-
ment indicators, actively pursue the creation of a high-quality living environment with
low sound energy, as an important reference for a livable city. Noise source processing
or passive noise suppression structure hides the multi-dimensional sound energy charac-
teristics in the sound field of the recreational space. If ignored, the identity of the urban
acoustic environment will not be presented. The pattern and rhythm of residents’ life
[9], the distribution of urban development, change the intensity and distribution of sound
energy, and alleviate the annoying noise energy in the city by creating urban soundscapes,
thereby shaping the acoustic environment and urban identity. Government departments
encourage urban residents to walk and take transportation, which is widely recognized
for reducing urban carbon emissions and enhancing sustainable maintenance, while also
slowing down the annoying acoustic energy generated by transportation [10]. Such as
road traffic, natural and human sounds, which have meaning and characteristics in the
acoustic environment and reflect relevant information, and their dynamics must be con-
sidered. Therefore, “soundscape” is different from “acoustic environment”; the former
is mainly composed of human perception, the latter refers to physical phenomena, and
most importantly, the soundscape is presented through human perception of the sound
environment. Furthermore, the correlation between the soundscape and the environment
of the street recreational space tends to be complicated. In addition to the record of
objective physical basic data, the relationship between the pleasant sound generated by
the environment and the physical quantity of the sound field during the walking space;
Pleasantness of the sound environment, which induces the sound field quality index
to define the high-quality urban sound scene field [11, 12]. Based on the sound diver-
sity record between the cultures and folk customs of various countries, focusing on the
actual feelings and hearing experience of the senses, urban sound energy is regarded as a
usable “resource” rather than a “pollution”. The soundscape features are on the verge of
being submerged in the homogenized urban sound field. While re-examining the urban
development context and street recreational space planning, the specific soundscape can
indicate the characteristics of a regional community separately, enhancing its identity,
and becoming more important. A series of related studies led by Professor Jian Kang
from the Department of Architecture of the University of London in the United Kingdom
have sprung up as relevant research topics in EU countries [13]. Leading the European
SoundscapeResearchAlliance (Soundscape of EuropeanCities and Landscapes) and the
UKNoise Futures Network (UKNoise futures Network) and other research institutions,
in 2009 held a seminar on the future development of an urban acoustic environment in
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the city, focusing on discussions Solve the problems of regional soundscape character-
istics and future soundscape trends. Under the impetus of this conference, the center of
Sheffield was used as a research pilot, based on the quantitative and qualitative analysis
of the soundscape characteristics of public spaces, based on the source, space, people,
and the environment is defined by four factors [14], among which space factor and
sound source factor are the most widely discussed. The spatial factors in the sound field
include spatial patterns, boundary materials, street objects and furniture, and landscape
elements; the sound source factors are waterscapes, bird calls, and church bells that are
most popular among the people. For residents, speech sounds are the main source of
relatively annoying sounds. Related research has provided the British urban soundscape
features as a direction for protection. Human factors mainly clearly describe social and
demographic trends, including gender, age, place of residence (such as local residents or
from other urban residents), and cultural and educational background. Among them, the
acoustic experience is more important, especially the acoustic environment at home and
workplace. Finally, the environmental factors must be described in terms of the actual
conditions of the physical environment, especially the auditory preferences are easily
affected by visual effects, and the interaction of environmental atmosphere and spatial
context. From the perspective of sound source factors, the sound generated in the open
space of urban recreational streets and the pleasant sense of hearing can be regarded
as a soundscape, although the sound produced by traffic equipment can be disturbing
sounds. Therefore, the sound energy level is measured using A-weighted sound energy
dB(A), which is very similar to the frequency response of the human hearing, except that
the equivalent average sound volume LAeq (dB) and the maximum equivalent sound
volume LAFmax (dB) are used to explain the total sound In addition to the basic charac-
teristic physical quantities of energy strength, in order to find the description of dynamic
sound energy and time sequence, the cumulative time of a certain sound pressure level
value is interpreted as a percentage (n-Percent Exceeded Level), the symbol is Ln, and
the percentage value is LA_10 (dB), LA_50 (dB), and LA_90 (dB). Therefore, there
are different objective physical quantity information of sound energy. These concerned
sounds are related to urban development and historical and cultural characteristics, and
they are all highly recognizable sounds. It can be seen from the above research that
in urban recreational streets, through the objective physical characteristics of the street
sound field, the positive evaluation can be predictably given, and the corresponding rela-
tionship between subjective evaluation and objective measurement can be conducted.
What if only the physical quantity of sound energy is used to explore the sound normal-
ization of homogeneity, comprehensive physical quantity information, it may ignore the
characteristics of spatial qualitative and internal variability. In 2014, the International
Organization for Standardization (ISO) released the soundscape international standard
ISO 12913 Part 1 [15], which defines “soundscape” as “a kind of sound environment that
is perceived, experienced and understood by people”. Regarding the definition of open
space soundscape from the perspective of human hearing, and further discussing the
types and interfaces that affect hearing in street recreational spaces, in addition to effec-
tively controlling noise sources, the research team of Professor Kang Jian and Professor
Francesco Aletta [16], through To understand the impact of the subjective soundscape
perception of the recreational space by the sound produced by walking on different
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materials. The research methods are based on the different perceptual influences of the
sounds produced by self-walking and listening to the sounds of other people’s walking,
and the subjective questionnaire on preference was implemented in Weston Park and
Valley Gardens Park in the United Kingdom. Four materials considered to be recre-
ational walking spaces may be used for discussion; Grass, wood, stones, and gravel.
The research results show that the nuisance and sound characteristics of walking on the
surface of thematerial have a significant impact. Grass is themost acceptedmaterial, and
gravel is poorly evaluated. Both are highly correlated with subjective perception. Corre-
sponding to the annoying effect of the subjective perception of a single material, people
who produce sounds by themselves by walking have poor tolerance when just listening
to the sounds of walking. This part does not evaluate the significant effects of the overall
evaluation factors. This is the subjective perception of soundscapes affected by urban
recreational space types, pedestrian street materials, and interfaces, and is an important
direction for discussion. In addition, the noise is blocked to enhance the features in the
soundscape of the neighborhood, such as combining water feature facilities and noise
barriers, embedded in the open recreational space of the city, and using sound barriers
to block noise sources and waterscapes acoustic masks disturbing background noises to
improve the perception of the characteristics of the sound environment. Different sound-
scape features provide spectral features and ranges, combined with street furniture and
display billboards, blending local history and culture, and creating urban self-evidence.
For another example, the fountain water and metal noise barriers in Sheffield city in the
United Kingdom. The fountain represents the river and the metal represents the steel
industry. It symbolizes the two important historical contexts of Sheffield’s industrial
development and urban planning and enhances residents’ and tourists’ rest and enjoy-
ment, which are rich in cultural and educational significance. In 2020, the research
team of Professor Kang Jian and Professor Francesco Aletta [17] continued to conduct
physical measurements and observations on the sound field of 11 urban open spaces in
London in spring during emergencies; under the influence of the Covid-19 incident, The
difference in sound energy of open space before (2019) and after Lockdown (2020) in
London. Based on the urban soundscape theory, this research defines the current sound
source types of urban soundscapes and explores the acoustic environment planning cor-
responding to the spatial geometry of urban recreational pedestrian streets. The research
object is the waterfront trails along with the recreational space. The sound source col-
lection of the soundscape is mainly based on the human voice of the retail street, the
surrounding environmental noise, the mobile sound source, and the fixed sound source
are mainly discussed. The field is drawn from the connection of walk path along with
waterfront which distributed from dots, lines to planes. A characteristic sound energy
distribution map, with a view to reinterpreting the self-explanatory nature of the green
belt urban style of the potential commercial district and its transportation nodes. Pre-
liminary research has been conducted through domestic and foreign research on urban
waterscape-related papers and materials. At present, on-site sound field measurement
has been carried out to confirm and draw distinctive sound energy distribution maps, to
understand the sensitivity and preference of the public to sound, and to explore objective
correspondence and consistency with subjective evaluation.
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2 Description of Urban Waterfront Recreation Walkway

In this study, the Liuchuan Waterfront walkway in the central district of Taichung City
was used as the acoustic environment field of the urban pedestrian space, as shown
in Fig. 1. Liuchuan is one of the four rivers in the center of Taichung City. After its
renovation, it became the first landscape river bank developed by sustainable ecological
construction methods in the urban area. History changed to the Japanese occupation
period, so the chessboard street between Liuchuan and Taichung Park was built and
developed on the scale of a small Kyoto, the water ditches were renovated, and willow
trees were planted on both sides of the bank, so it was called in Chinese pronunciation
as Liuchuan.

Fig. 1. Figure of study geographic range for Liuchuan urban waterfront recreation walkway

Following large number of immigrants cut down the willow trees on both sides
of the Liuchuan river and built temporary houses, destroying the original landscape.
Recreational walking space is attractive, the soundscape characteristics of the waterfront
walking space must be clarified. Through on-site measurement, it can provide complete
and different sound field distribution data from commercial recreational walking. In the
current measurement process, the measurement of sound energy on the waterfront walk
will provide a basis for the complete sound field distribution. The Liuchuan West Road
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and East Road section at 500 m in length and 10 m in width. The height ratio between
the building and the street is 1:0.5 to 1:2, and the height ratio of the river edge and road
surface is 1:2, and the entire range of the riverfront walkway is trumpet-shaped. The
measurement time is carried out on weekdays and weekends, with a total of 36 sets of
measurement points, and each measurement point is evaluated and recorded in LAeq
(dB). The measurement time is 1 min to obtain an objective evaluation of the regional
soundscape. This information will become important basic data for the next stage of
soundscape perception discussion. A schematic diagram of the on-site measurement
distribution and photos of each measurement point is shown in Fig. 2.

Fig. 2. A schematic diagram of 36 sets of on-site measurement points distribution and photos
from the measurement perspective, Photo A and B refer to Wikipedia [17]

3 Results of on-Site Measurement

The physical characteristics of the spatial sound field of urban recreational streets. For
reflection and diffusion boundaries, the reverberation is usually much shorter, and the
sound attenuation of the distance between the sound source and the receiving source is
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greater than the sound energy attenuation of the geometric reflection boundary. In the
free sound field of the long walkway profile, when the length and width are doubled,
the sound pressure level SPL will be attenuated by 6–9 dB, and will attenuate as the
distance squared increases; if the boundary sound absorption coefficient increases, the
sound absorption coefficient increases from 0.1 At 0.9, the sound energy attenuation
is usually 12 dB. LAeq (dB) measurement results of the sound field characteristics
were analyzed which is the critical point in Liuchuan river, especially the spatial pattern
belongs to the acoustic canyon type, which needs to be confirmed in the future study, and
realizing the specificity of the soundscape environment integrated with the waterscape of
sound field characteristics are explained. General conditions of the on-site measurement
are list in Table 1.

Table 1. List of general conditions of the on-site measurement

Site Liuchuan W. St (Water front trails)

Date 18th and 22th Oct. 2019

Time Morning (10:00 AM), Afternoon (3:00 PM), Evening
(9:00 PM)

Weather condition Temperature: 28 C, Humidity: 55–68%

Measurement apparatus Rion

Quantities of measurement point 35 points

Sampling time 1 min for each time

Frequency band 20–20000 Hz

Method Environmental sound energy measurement according to
NIEA method

The measurement results with the equivalent average volume LAeq (dB) as the eval-
uation index and the A-weighted noise intermittently exposed in a certain period of time
in the selected position in the sound field are averaged by the energy. The parameter
index formula is shown in Eq. 1.

LAeq = 10log
1

T

∫ t+T

t

(
Pt

P0

)2

dt (1)

LAeq: A-weighted average energy level dB (A) in period time;
T: measurement time in seconds;
Pt: measure sound pressure in Pa;
P0: reference sound pressure, based on 20 µPa
For the main pedestrian street and waterfront walkway of Liuchuan West Road, the

sound field distribution was discussed for different time nodes. 21 test points (1–21)
were selected for the pedestrian space along the river bank, and 15 test points (22–36)
Measure at different times and fixed positions. The measurement time is divided into
10:00 (morning), 15:00 and 9:00 in the evening, and the main section of Liuchuan West
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Road (7–16), the measurement result shows (6–21) the whole day Leq near the river
embankment, the average LAeq (dB) is 61 dB(A), and (22–36) the LAeq (dB) of the
whole day on the water shore trails which the energy distribution is formed as U-shaped,
the LAeq (dB) of the middle section is lower, and the LAeq (dB) of the two endpoints
is relatively high, which may be affected by the traffic on Taiwan Avenue and Minquan
Road. The intersection of Taiwan Avenue and Minquan Road is the main traffic arterial
road in Taichung City, and its LAeq (dB) value is slightly higher in the afternoon than
in the evening, which indicates that the traffic is more concentrated in the afternoon due
to rush hour. The measurement results of 36 sets of measurement points are shown in
Fig. 3.

Fig. 3. 36 sets of measurement results of LAeq (dB) distribution at Liuchuan W. Rd. and water
shore trails

4 Visualization of Sound Distribution

The relative software was be presented, it can reduce the time needed for the creation
of noise contour maps considerably. The development of a fit for purpose software for
mapping contours based on measurements. Scanned maps and CAD drawings can be
used as backgrounds for future evaluation. The actual measurement is used to draw the
sound energy distribution map, and the NoiseAtWork software is used to analyze and
draw the distribution curve. The results can be used to establish the optimization plan
for the overall distribution of the sound field. Individual environmental factors can be
used to verify and hypothesize to construct the model, through the implementation of
measurement correspondence, further draws sound pressure level images and verifies
sound field models, predicts future scenes and benchmarks for subjective evaluation,
and then takes measures. Using the computer simulation of the sound field environment
results, the calculation method to perform grid calculations, draw the sound energy
distribution curve diagram, which has an intuitive trend and visual representation, and
can evaluate the soundfield inwhich it is located under different conditions surroundings.
The simulation results provide a lot of information, including the location and strength of
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sound energy. In some cases, this method has the function of trend prediction, especially
under stable sound sources, such as fixed noise sources (fixed mechanical sound), and
multiple sound source are conducted for the measurements. For the simulation of the
direct influence on the plane on both sides of the LiuchuanRiver and the simulation under
the enclosure of the building, it can be clearly seen that the sound energy is focused to
68 dB(A) under the enclosure of the building, while also ensuring the integrity of the
waterfront landscape. The waterfront walkway is less affected by the surrounding of the
river embankment, which shields vehicle noise, and the concave terrain maintains the
sound field environment of the waterfront walkway. The simulation results of the sound
field at Liuchuan East Street and waterfront walkway are shown in Fig. 4.

Fig. 4. Simulation results of the sound field at Liuchuan East Street and waterfront walkway

5 Discussion

This study uses the actual measured sound energy of the recreational trail along the
waterfront, and continues to analyze and plot the LAeq (dB) sound energy distribu-
tion with NoiseAtWork computer software, and the distribution of the waterfront and
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surrounding trail areas and the overall result, in order to be used as urban soundscape
planning basis. Construct the actual sound field model based on spatial factors, and
further draw the sound pressure level distribution through the corresponding relation-
ship between measurement and simulation, and the basic data for future soundscape
and subjective and objective evaluation. The sound field environment results generated
by computer simulation, and the calculation method is grid calculation, which has an
intuitive trend and a visual presentation. Under different conditions, evaluate the sound
field environment you are in, including the position of sound energy and the strength of
sound energy, which has the function of trend prediction. Under stable sound sources,
such as fixed noise sources (fixed mechanical sound), multiple sound sources The mea-
surement results can be discussed and evaluated at the same time, combined with the
influence of multiple sources, to evaluate multiple sound sources, and at the same time,
the immersive state of visual domestication is presented, sorted by the size of the sound
energy results. Some preliminary results are abstracted as followed:

1. The average sound pressure level of LAeq (dB) is consistent with the evaluation of
urban soundscapes. Especially when a fixed sound source is added to the computer
simulation, the result will be more obvious.

2. The Liuchuan waterfront walkway has well alleviated the traffic noise on both sides
of it. Sound energy difference between the waterfront walkway and the ground
measurement point during peak periods is 7 dB (A) and the minimum difference is
3 dB (A).

3. The sound energy along the Liuchuan waterfront walkway of reveal a U-shape,
indicating that the sound field environment and nature are integrated to provide a
good acoustic environment. It may provide a good walking space for local residents
and people who feel positive with barrier surrounded by.

4. Combined with on-site measurement and computer simulation of the Liuchuan
waterfront walkway, it can visually simulate the distribution of the acoustic envi-
ronment of Liuchuan East Road, which has on-site parameters for evaluating and
further improving the acoustic environment of the urban pedestrian space.
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Abstract. The declining birthrate and the increasing aging population can exac-
erbate various societal issues such as social isolation, which can have a serious
impact on the mental and physical health of older adults. Increased frequency of
going out can reduce the possibility of future social isolation and facilitate recov-
ery from social isolation. In this paper, we propose a novel method for generat-
ing travel recommendations for older adults to increase their frequency of going
out. The proposed method builds a travel-recommendation model based on social
media posts by older adults. The modelling process exploits the semi-supervised
Latent Dirichlet Allocation (ssLDA) and object detection techniques to extract the
interests of older adults by analyzing latent topics in textual and visual messages.
Travel recommendations can be generated by matching the latent topics and the
online information about travel destinations. Our feasibility study demonstrates a
higher recall in predicting relevant topics for older adults compared to a baseline
method that relies on the conventional Latent Dirichlet Allocation (LDA) model.

Keywords: Older adults · Travel recommendation · Social media · SNS · LDA ·
Image processing

1 Introduction

The declining birthrate and the increasing aging population are exacerbating various
societal issues in different countries. In Japan, the ratio of older adults who are sixty-five
years old or older exceeded twenty-one percent in 2007, and the country is described
as “super-aged” since then. With the continued aging of the population, there is the
increasing number of older adults living alone without sufficient opportunities to com-
municate with others nor build andmaintain social relationships. One of the most critical
issues in such “super-aged” societies is the negative effect of social isolation as poor
social relationships can affect mental and physical health of older adults. There is the
increasing awareness about this critical issue, and researchers have conducted studies to
analyze relevant factors. Ito, Goto, and Yamamura (2019) have analyzed the association
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between loneliness and everyday activities of older adults in Nerima Ward of Tokyo,
and shown that everyday leisure outings may alleviate the loneliness of older adults [1].
Takahashi, et al. (2020) have conducted a two-year cohort study in Ota Ward of Tokyo
to analyze factors relating to social isolation of older adults, and shown that a lower
frequency of going out is one of the factors that predicted future social isolation, and
that a higher frequency of going out is one of the factors that predicted recovery from
social isolation [2]. We build on these studies and propose computational techniques for
promoting leisure outings to alleviate the problems of social isolation in “super-aged”
societies.

With the spread of smartphones and other interactive computing devices in recent
years,manypeople share information about various topics byusing socialmedia services.
Given the sheer amount of information that is shared through socialmedia services, some
of which closely reflects users’ interests, one could analyze and model interests of the
target population according to social media posts. Approximately half of the Japanese
older adults use social networking services (SNS) and the percentage is increasing at
a high speed [3]. Thus, we could use the social media posts by older adults to analyze
and model their interests. Providing travel recommendations based on such analysis and
modeling can promote everyday leisure outings, thereby reducing social isolation as
well as the feeling of loneliness.

In this paper, we propose a novel method for generating travel recommendations for
older adults to increase their frequency of going out. As shown in Fig. 1, the proposed
method builds a travel-recommendation model based on a large amount of textual and
visual social media posts by older adults. Our method first extracts the topics of their
interests, and then recommends places to visit according to the features extracted from
the textual descriptions of relevant travel destinations. In particular, the topic-extraction
process exploits the semi-supervised Latent Dirichlet Allocation (ssLDA) and object
detection techniques to extract the interests of older adults by analyzing latent topics in
textual and visual messages. Travel recommendations can be generated by matching the
latent topics and the online information about travel destinations.

One of the advantages of using social media data in generating travel recommen-
dations is the ability to reflect the dynamic and real-time information in the modeling
process. For example, the model can be constructed to capture trending, common topics
of interest among older adults. We also believe that the use of social media data could
have some benefits in creating conditions that facilitates the creation ofmeaningful social
ties among older adults.

Our feasibility study demonstrates a higher recall in predicting the topics of older
adults’ interests compared to a baseline method that relies on the conventional Latent
Dirichlet Allocation (LDA) model.

2 Related Works

In this section, we discuss different techniques formodelling the topics of users’ interests
based on SNS data.
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Fig. 1. Overview of the proposed method

2.1 Extracting the Topic Categories of Interest

Kume, et al. model users’ interests based on topic categories to recommend relevant
Twitter accounts [4]. Their technique detects a category for each keyword by using
an existing public API called Hatena Keyword Automatic Link API [5], and use the
categorical information to infer the degrees of users’ interests in different categories
including sports and music. Users whose tweets often include keywords of a certain
topic category, such as sports, are considered to have high degrees of interest in the
category. However, this approach makes a simplified assumption that each keyword
belongs to one category although we may want to consider multiple categories of a
keyword to model users’ interests accurately.

2.2 Weighted LDA Models

We can model users’ interests by using topic modeling that models the characteristics
of sentences as latent topics. Latent Dirichlet allocation (LDA) is a commonly-used
topic model, which allows a keyword to belong to multiple topics. Wang, et al. use topic
modeling to predict users’ interests based on Twitter information [6]. Their method first
extracts topics of users’ interests using topic modeling, and then prioritize extracted
topics based on users’ ‘likes’, profiles, followers, and tweet contents. In particular, they
consider that tweets with many ‘likes’ closely reflect users’ interests, and assign them
large weights in determining topic priorities.

2.3 Implicit and Explicit Interests of Users

Han, et al. model users’ interests by considering both implicit and explicit interests [7].
Their method first exploit category information from news media sites and extract
implicit and explicit features of news articles in different categories such as sports and
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politics. Implicit features are derived based on topic modeling, and explicit features are
generated by finding keywords with high term frequency-inverse document frequency
(TF-IDF) values. Characteristic words representing users are generated based on a topic
model and TF-IDF statistic with their sentences. Finally, topic models and TF-IDF val-
ues are compared between users’ sentences and news articles from different categories
to calculate the degrees of users’ interests.

2.4 Expanding Recommendation Lists Based on Relevant Text and Images

Oohigasi, et al. use SNS data to recommend points of interests (POIs) in geographical
spaces. They propose to combine visual and textual information to remedy the problem
of limited coverage with the POI recommendation lists when the amount of textual
information about POIs is small. Their method exploits so-called Bags of Visual Words
(BoVW), which is based on scale-invariant feature transform (SIFT) features, as the key
features of POIs. Visual and textual features can be combined by linking BoVW and text
data from relevant POIs. This approach relies on location-visit histories of users, and can
be affected by the cold start problem, i.e., it cannot capture users’ interests sufficiently
when there is only a small amount of location-visit histories.

3 Proposed Approach

Twitter users may follow user accounts that are relevant to their interests. We thus
propose a topic modeling-based approach to derive latent topics from older adults’
tweets, predict their interests, and recommend tourist spots that match shared interests
of groups. Our approach improves the accuracy of recommendation by augmenting and
guiding the modeling process. This approach can derive relevant topics based on limited
tweet contents and match derived topics with users’ topics of interest. The approach can
also improve the understandability of recommended topics. In particular, we augment the
information used in the modeling process by incorporating images included in tweets as
well as their textual contents, and guide themodeling processes based on semi-supervised
Latent Dirichlet allocation. The derived topics are matched with the features of tourist
POIs to recommend tourist spots to older adults effectively.

Figure 2 shows the processing flow of the proposed method. The details of each step
is as follows:

1. Extract text and image data from the tweets posted by older adults.
2. Extract visually represented information by using object detection techniques, and

convert it to text. This allows for integrated processing of visual and textual informa-
tion, and we obtain Bag of Words (BoW) for each older-adult user, including their
frequency counts.

3. Collect tweets with hash tags to obtain representative words or seed words for each
interest. Calculate TF-IDF values of the words, and select the words with high values
as representative words. The selected words will be used to characterize interests in
each topic category.
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Fig. 2. Processing flow of the proposed method.

4. Apply semi-supervised topic modeling algorithm to the set of BoW from multiple
older-adult users. Guide the modeling process by assigning higher weights to the
representative words, and predict topics of interest to many older adults.

5. Extract BoW from existing documents about tourist spots, and calculate the topic
distributions of different tourist spots based on topic-wise distribution of words and
word-wise distribution of topics.

6. Compare the topic distributions of tourist spots and older adult’s tweets, and predict
the degree of older adults’ interest in different tourist spots.

We can then recommend the tourist spots that are highly probable to be relevant to
the interests of older adults.

3.1 Preprocessing Tweets

In natural language processing, preprocessing is an extremely important part that greatly
affects experimental results. Tweets have the characteristics that the number of characters
is limited and that users can send them relatively easily. Therefore, tweets are overwhelm-
ingly short compared to common documents such as newspaper articles and academic
papers, and they tend to include may ‘noise’ words. If the topic model is applied directly
without preprocessing, it will not function properly.

Wenext explain the process for applying the topicmodel to tweets. Firstly,we remove
retweets from the data as the contents of retweets are normally created by some other
users and may include many ‘noise’ words. Because tweets are very short, we regard all
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recent tweets of a user as a document, and do not consider user accounts without more
than 100 tweets.

Sincewords are not separated by spaces in Japanese, morphological analysis of tweet
sentences is performed to extract pairs of morphemes and parts of speech. In addition,
we consider pictograms, symbols, line-feed characters, URLs, stop words, etc. as ‘noise’
and delete them from the data sets. Of the remaining words, we consider that the nouns in
the tweets are more likely to represent topics related to the user’s hobbies and tastes. We
only retain general nouns, proper nouns, and nouns that can be connected with “suru”
to form verbs, and construct vectors of posted contents.

3.2 Processing Images

In this research, we extract latent topics of interests based on the tweets from older
adults. In doing so, we exploit image as well as text data that are embedded in tweets. In
order to apply the topic model to the information about potential interest expressed as
an image, we propose a text-image topic model that detects the information contained
in images, converts it into text, and combines it with general text information. In this
manner, we can augment the data that are fed to the topic modeling algorithm and enable
multi-faceted prediction of interests.

We use the object detection model YOLOv3 [9] to detect the type of object from
the input image. YOLOv3 is trained with a data set called MS-COCO, and 80 kinds
of categories and their positions can be detected. YOLOv3 consists of 75 convolution
layers, and extracts the features of the object. Since it does not use a fully connected layer,
it can process input images of arbitrary size, and thus can handle tweet-embedded images
of different sizes. In YOLOv3, the accuracy of object detection is greatly improved by
simultaneously learning and predicting the box coordinates and their reliability scores.

Fig. 3. Example of information extraction from images.

Figure 3 shows the results of detecting objects in images posted by older adults using
a pretrained object detection model. The predicted object names can be used to describe
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the image contents. These object names can complement tweets that do not include the
object names, thereby facilitating detection of the topics that are of interest to older
adults. It is necessary to specify a threshold value with detection reliability. Only when
the score of the object is higher than the specified threshold value, we use the label of
the object included in the target image.

3.3 Extracting Interests Through Text-Image Topic Modeling

Since SNS contents are diverse, we need to extract the topics of interest to older adults.
We thus focus on tweets that are relevant to the daily lives of older adults, and model
common interests for groups of older adults. In this section, we first describe the process
to derive representative keywords from tweets to grasp the characteristics of the interest
topics for each category. Next, we discuss a semi-supervised topic model that guides
the topic generation process. Finally, we introduce a method for discovering common
interest topics from older adults’ tweets by using the representative keywords and the
semi-supervised topic modeling technique.

Extraction ofRepresentativeKeywords. Weextract the characteristics of each interest
topic according to the features such as the frequency of terms and the structure of the
representative words.

Tweet hashtags are used to classify tweets, and they allow users to easily follow the
topic they are interested in. Therefore, in this research, we use tweets with hashtags to
find content related to different interests. We use TF-IDF values to find the keywords
representing each interest. For example, theword "Hanshin" frequently appears in tweets
with the hashtag "baseball". Therefore, the word "Hanshin" helps to explain the interests
related to "baseball."Characteristics of each category can be represented by the keywords
that appear most frequently in the category. We calculate the TF-IDF values as follows:

tf (t, i) = nt,i
∑

k nk,i
(1)

idf (t) = log
|Interest|

|{interest : i ∈ interest}| (2)

nt,i represents the number of appearances of term t in interest interesti, Σknk,i rep-
resents the sum of the number of appearances of all words in interest interesti, |Interest|
represents the total number of interests, and |{interest: t ∈ interest}| the number of inter-
ests that include word t. The higher the TF-IDF value of the term, the more important it
is to explain the corresponding category.

Semi-supervised Topic Model. We next describe the semi-supervised topic model-
ing [10] technique that we use to guide the modeling process and extract the topics of
interest to older adults. LDA is a probabilistic model that is often used in the natural
language processing field, and is based on the idea that words appear in documents based
on latent topics and not independently. Words that belong to the same topic may appear
more frequently in the same document. LDA thus generates topic-wise appearance prob-
ability of words and document-wise probability of topics based on a given number of
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topics. As LDA is an unsupervised generative model and we cannot intervene the topic
generation process, it may sometimes generate topics that could not be perceived as
meaningful nor interesting by humans. Figure 4 shows the process of generating the
relationship between topics and words.

For each document d in document set D: 
 For each word w in document d: 
  For each topic z: 
   P(w|z) = count(across all document w that belongs to top-

ic z 
   P(z|d) = count(in d all words that belongs to topic z) 
   tokes in z = total count of words in z 
   P(z|w,d) = P(w|z)*P(z|d) / tokens in z 

Fig. 4. Generating topic-word relationships.

In this study, we focus on topics related to the interests of older adults, and use a
semi-supervised topic model [10] that guides the generation process of the relationship
between topics and words. We establish the seed topics and the seed words belonging
to the topics in advance. When generating the probability P(w|z) of occurrence of word
w in topic z, a higher weight Ws is given to the seed word to guide the process so that
it likely appears in the seed topic. The frequency of the occurrence of the seed word of
the seed topic is as follows:

P(w|z) = Ws∗P(w|z) (3)

The probability of assigning word w to topic z for document d is as follows:

P(z|w, d) = Ws∗P(w|z)∗P(z|d)

totalcountof wordsinz
∝ P(w|z) (4)

When deciding the topic of the seed word, the probability of it belonging to the seed
topic is more likely the largest.

Extracting Topics by Also Combining Text and Image Information. Again, the rep-
resentative words in each category are based on TF-IDF values, and we use them as seed
words to guide the generation of topics.We also combine the information extracted from
images and text. We then use a semi-supervised topic model to extract interest topics
more accurately from the SNS posts by older adults.

3.4 Recommendation of Tourist Spots

Based on the topic distribution of common interest topics of older adults, the topic
distribution of relevant tourist spots doc_topic_distribution is predicted based on the
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appearance frequency of each word in the documents about tourist spots. The more
interest topics contained in tourist-spot documents, the higher the degree of interest by
older adults. This is reflected in the higher recommendation score that is calculated based
on the following equation:

Score = Max
[
doc_topic_distribution

]
(5)

4 Experiments

In order to find topics of interest to older adults, we collected 4,770 Twitter accounts
of Japanese older adults by using a crowdsourcing service called Lancers [11], and
collected tweets using the Twitter API. We ignored users with 100 or less tweets, and
from the remaining 4,156 accounts, we treat all tweets from a user as a document and
apply the topic model.

4.1 Comprehensiveness of Generated Interest Topics

In order to validate the effectiveness of the proposed method, we first evaluate the
proposed method by conducting a survey with 30 older adults about their recent and
general interests. The survey questions asked them to choose multiple topics of their
interest. Table 1 shows the ranking of interest topics based on the survey.

The ranking result also shows that the proposed method generated more interest
topics in the ranking list than the straightforward method based on conventional LDA.
We can calculate the recall of the proposed method and the conventional LDA-based
methodbymanuallyfinding the interest topics thatmatches the algorithmically generated
topics:

recall = |{generatedtopics} ∩ {interesttopics}|
|{interestedtopics}| (6)

Based on the results in Table 1, the recall of the proposed method is 0.71, and
the recall of the conventional LDA-based method is 0.38. The conventional LDA-based
method also generatedmany topics that are irrelevant to the interest topics. The proposed
method is superior in generating topics that are related to the interests of the older adults.

4.2 Identifying the Characteristics of Tourist Spots

Capturing the characteristics of tourist spots is critical for recommending tourist spots
successfully. This section discusses if the proposed method can capture the characteris-
tics of tourist spots effectively based on the score and topics they generate forwell-known
tourist spots.

We first collect hash-tagged tweets and Wikipedia pages about well-known tourist
spots in Japan, including “Tokyo Dome,” “Mt. Takao,” “Tsukiji Market,” and “Meiji
Jingu.” We then treat them as documents about each tourist spot, and calculate the
scores according to the method described in Sect. 3.4. Tables 2 and 3 show the results
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Table 1. Ranking of topics that are of interest to the 30 older adults.

Interest topics Proposed method LDA

Sports (73.3%) ◯ ◯

Watching movies (60.0%) ◯ ◯

Reading (46.7%) ◯

Music/Musical Instruments (43.3%) ◯ ◯

Travel (40.0%) ◯ ◯

Walk (40.0%) ◯ ◯

Pets (20.0%) ◯

Muscle training (20.0%) ◯ ◯

Do-it-yourself (20.0%)

Food Gourmet (16.7%) ◯ ◯

Hot Spring Tour (16.7%)

Fishing (13.3%)

Horticulture (13.3%) ◯

Manga/Anime/Game (6.7%) ◯

Café (6.7%)

Visiting shrines (3.3%) ◯

Idol (3.3%) ◯

Painting (3.3%) ◯

Haiku (3.3%) ◯ ◯

Swimming (3.3%)

Camp (3.3%)

Table 2. Score and topics generated by the proposed method.

Tourist spots Score Topics

Tokyo Dome 0.81 # 45: Players, Matches, News, Winners, Cheers, Teams, Hiroshima,
Directors, Expectations, Carp

Mt. Takao 0.46 # 40: Photos, Bicycles, Trains, Places, Trucks, Motorcycle, Bus,
Airplane, Shooting, Mt. Fuji

Tsukiji Market 0.24 # 38: Donburi, Cup, Bottle, Chair, Meal, Lunch, Sales, Ramen,
Spoon, Waiting

Meiji Jingu 0.22 # 1: Place, Shrine, Japan, Fortune-telling, History, Onmyoji, teacher,
worship, era, Showa
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Table 3. Score and topics generated by the conventional LDA-based method

Tourist spots Score Topics

Tokyo Dome 0.59 # 17: News, Sankei News, Players, Mainichi Shimbun, Hiroshima,
Curve, Giant, Director, Match, Jiji

Mt. Takao 0.24 # 40: Train, Tokyo, Shooting, Mt. Fuji, Park, Home, Cultivation,
Photograph, Camera, Nearby

Tsukiji Market 0.18 # 38: Representative, Opposition, Komei Party, Osaka, Restoration,
Candidate, Communist Party, Citizen, Question, Participation

Meiji Jingu 0.23 # 20: End, Tokyo, Walking, Support„ Hour-minute, use, app,
schedule, long time no see, Yokohama

for the proposed method and the conventional LDA-based method. The results suggest
that the conventional LDA-based method can be problematic in that their topics are
mixed and include apparently unrelated ones. Comparing the both results, one can argue
that combining image and text information and guiding the topic modeling process can
help extract better interest topics, thereby capturing the characteristics of different tourist
spots effectively and enabling successful recommendations of tourist spots.

5 Conclusion and Future Work

Acknowledging the importance of the problems related to the loneliness and isolation
of older adults, we have proposed a method to model the interests of older adults and
recommend them relevant tourist spots effectively.We hope thismethod could play some
role remedying the problems. The proposed method exploits the SNS contents posted
by older adults and combine text and image information to augment the information
for modeling. Furthermore, we proposed to use a semi-supervised topic model so that
relevant topics can be generated. Compared to the conventional LDA-based method,
the proposed method can predict interest topics and characteristics of tourist spots more
effectively.

Our future work includes improvement of the accuracy of prediction and recommen-
dation by extracting more information from images. Developing real-time mechanisms
will enable just-in-time recommendation of tourist spots based on a large-scale data set.
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Abstract. Based on the theory of consumption sociology, this article analyzes
from the perspective of public taste and cultural consumption, the symbolization,
product design process, and life cycle of ceramic crafts, and then inherently dis-
cusses the ceramic artistic inheritance and innovation of Changsha kiln under the
market economy. The author believes that the life cycle of a product is closely
related to consumers’ hobbies, temperaments, and values, which are affected by
their own economic conditions and social status. Therefore, studying consumers’
lifestyles is of great value to product innovation and marketing.

Keywords: Cultural consumption · Public taste · Commodity symbolization ·
Product design · Changsha kiln

1 Introduction

The ceramic skills of Changsha kiln originated from the Tang Dynasty, inherited and
innovated continuously in the long history of dynasties [1]. In 2009, it was included in
the Hunan Provincial Intangible Cultural Heritage List; in 2011, it became one of the
third batch of national intangible cultural heritage protection projects [2]. Before the
reform and opening up, the production of Tongguan ceramics was mainly to meet the
needs of daily life, and most of its product forms were cylinders, altars, and bowls. In
the 1990s, Changsha kilns began to revive. Art creation workshops and pottery studios
were established one after another, and artistic aesthetics became the dominant element
of creative consideration. Tongguan’s life ceramics not only have practical significance
but also reflect cultural differences and the aesthetic concepts of potters.

In the past two years, the author has conducted field surveys in the Tongguan area
of Changsha to study the inheritance, protection and development of Tongguan ceramic
skills. This article starts from the perspective of public taste and cultural consumption
and discusses how traditional ceramic craftsmanship can be inherited and developed
under the market economy.
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2 Public Taste and Consumption Habits

The term “public taste” is inspired by the French sociologist Bourdieu’s research in
Distinction. This book believes that society divides different classes through cultural
tastes [3]. Different classes use different lifestyles and symbols to show the field of
mutual competition. In the field of production and taste, different classes use different
strategies to maintain or change their positions and constantly compete. Behind this
reflects the divisions and differences in society, and the various cultural consumption
represented by cultural tastes reproduce these divisions and differences.

In fact, all consumption habits that imply public tastes are the internal manifestations
of an individual’s social status, class/class conditions, and life experience. Consumption
habits reflect the individual’s life trajectory and life experience. And the individual’s
life experience is always closely connected with the natural environment, social history,
cultural psychology and so on. Even though there are great differences in individual
consumption habits, by analyzing the consumption habits of different individuals, we
can still see the traces of social structural factors. Therefore, consumption habits are the
result of personal socialization. Once it is formed, they will become a relatively indepen-
dent factor influencing consumption choices. As Simmel’s study of fashion psychology
argues, the top of the public’s taste is what the fashion hero represents, and between the
social instinct and the individual impulse, the fashion hero represents a true primitive
balance of power [4]. It can be seen that the formation of public taste is actually a product
of socialization.

The public taste of culture is an example of this. As Bourdieu mentioned: “Cultural
needs are the product of education” [3]. Public taste is firstly related to the education
level of social groups. Only when people have a certain level of education can they be
able to appreciate and consume artworks. And this process of socialization is obviously
closely related to the family’s social origin. These needs and abilities are, to some extent,
a reflection of the social hierarchy and class.

3 Cultural Consciousness and Material Cultural Consumption

Groups of different levels or strata in society will always have a continuous historical
process of understanding their own culture. Their cognition of the culture largely affects
their position in society. Just as Fei Xiaotong said, with “cultural awareness”, people in
it can autonomously master the ability of cultural transformation and have the position
of independent choice of culture in adapting to the new environment and the new era [5].
However, it is also an arduous and long process from self-awareness, self-reflection to
self-innovation, and the identity of the subject also changes in this process, from single
to complex gradually. Take Changsha Kiln as an example. After the establishment of
Tongguan Ceramics Company, it was divided into eight factory areas, each of which
factory area had different products during production. The first and second factories
mostly produce export stoneware and some tea utensils, the third and fourth factories
produce daily water tanks, the sixth factory mainly produces glazed tiles, and the eighth
factory mainly produces fine art ceramics. The ceramic workers are assigned to different
positions to make ceramics, and they are paid according to their work, and the subject
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identity is single. In the 1990s, when the ceramic company ceased production and closed
down, workers were forced to be laid off. Some began to make individual creations.
They made antique pottery by themselves and took orders for sales. However, they were
suppressed by the local government and faced the danger of fines and penalties. Under
this pressure, the potters can only find another way out and rely on their own skills
to support their families. Most of them go to Guangzhou, Shenzhen and other places
to work in foreign ceramic companies and become migrant workers. At this stage, the
ceramicworkers understand the consumer needs of foreignmarkets and integrate foreign
cultures into their original ceramic skills, gradually forming a new creative style, and
alsomastering some new production techniques. At the beginning of the 21st century, the
cultural heritage phenomenon spread globally. Since the Chinese government became
a signatory of the Convention for the Protection of the World Cultural and Natural
Heritage, it has begun to do a lot of work for the protection of the folk cultural and artistic
heritage of various ethnic groups in China. At the same time, the cultural administration
department has shifted from focusing only on the culture of the upper echelon of the elite
to focusing on the culture of the grassroots. The copper officials set up a leading group for
the protective development of “intangible heritage” ceramic firing techniques, and set up
special funds to support the development of the local ceramic industry. In this situation,
ceramic craftsmen scattered around returned to their hometown, trying to rebuild and
revive the local ceramic industry [6]. These potters have been transformed from migrant
workers to craftsmen, “shou” artists who guard and pass on their skills. Their identities
are complex. They have started corresponding action strategies in different contexts of
policy, art and market.

In the context of cultural revival and rural revitalization, winning the title of non-
genetic inheritor with a unique ceramic technique symbol is not only a personal honor but
also provides an effective strategy for the development of local economy and culture.
For example, when the non-genetic inheritor Liu Zhiguang made antique pottery, he
used the theme of “Maritime Silk Road” and wrote poems on replica pottery, giving
the poems unique interpretations, in line with the current “Belt and Road” development
mainstream, and realized ceramics. The symbolic function makes consumption gain
cultural meaning [7]. (As shown in Fig. 1)

The consumption of ceramics belongs to the category of material consumption cul-
ture. In the process of consumption, it is the symbolic attribute of consumption crafts.
The ceramics produced by Changsha kilns not only exist as physical entities but also
become part of the ceramic cultureworld as a symbol carrier governed by artistic creation
rules and expressing meaning. This kind of material and culture are intertwined, which
means that Changsha kilns are not only produced according to the laws of nature but also
shaped according to the logic of culture. In the 1970s and 1980s, the production goal of
Tongguan Ceramic Factory was to meet the needs of daily life. With the changes and
development of daily life, cultural pursuits and artistic aesthetics have become increas-
ingly diversified and refined, and the symbolization process of ceramics has become
increasingly rich and complex. In the context of art, Tongguan Ceramics has gradually
departed from the horizon of life. Craftsmen construct their own identities through art
exhibitions, art auctions and other activities, interact closely with artists and investors,
and express their artistic language through communication. For example, the potter
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Fig. 1. Imitation Changsha Kiln Holding Pot made by Liu Zhiguang

Zeng Deguo used the traditional green glaze of Tongguan and the symbolic characteris-
tics of the classic pot-holding device to integrate the Anhua moraine rock when making
teapots, so that it satisfies functions and has aesthetic attributes. (As shown in Fig. 2) Liu
Zhaoming, a ceramic artist sent by the academy, applied the principles of modern design
into ceramic design, conveying strong artistic symbols in the visual, and exploring the
“beauty of kiln change, texture and incompleteness” in ceramics. (As shown in Fig. 3)
The potter Zhou Shihong integrated the symbolic features of Changsha kilns into antique
and innovation. In the field of antiques, celadon and other symbol elements were used to
completely replicate; and in the field of innovation, Mr. Zhou used the Chinese zodiac
paper-cut patterns and Changsha symbolic elements such as grass, wood, fish and insects
on the kiln pottery bowls of modern pottery works, using hand-kneaded and plated clay
sticks to achieve natural effects. (As shown in Fig. 4)This artistic language is not only
the materialized expression of ceramics but also the creator’s mood and emotional com-
munication across time and space. (As shown in Fig. 5). Through these works, we can
see how creators poured their thoughts, intentions, and hopes into materials. Ceramics
are integrated into the realm of meaning, become signs and symbols of meaning, and
become carriers and tools of culture in the form of symbols. They are also a record of
the inheritance and innovation process of intangible cultural heritage.

In the current market context, the development of the market economy has trans-
formed Tongguan ceramics from the category of folk culture into important cultural
resources. When the ceramic firing techniques of Changsha kilns became intangible
cultural heritage, the cultural value of ceramics has greatly increased. Craftsmen from
market awareness through the new market consumption chain and product production,
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Fig. 2. Moraine rock tea set made by Zeng Deguo

Fig. 3. “New” Changsha Kiln works made by Liu Zhaoming

thereby constructing the identity of the production subject. In the local area, some arti-
sans combine cultural and creative design with intangible heritage protection to form
exclusive brands and have close contact with the market and consumers to realize the
conversion of commodity symbols.

The potter PengWangqiu runs the “Fuxing Kiln” brand, whose name is derived from
the one-stop kiln of Tongguan in the Qing Dynasty. On the display racks in the store, we
witnessed Mr. Peng’s design: From a big tank that satisfies daily life to a “cylinder” cup
for tea art culture, the craftsman has not only changed the size of ceramics in material
form during the process of innovation., but also has given unique connotation of Huxiang
tea set in the cultural world. (As shown in Fig. 6) “Huxiang is the land of barbarians,
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Fig. 4. Modern pottery work “Noisy Branch” made by Zhou Shihong

Fig. 5. Ceramic craftsmen in the creation

especially Meishan Chi. It has become a popular language in Hunan. Since the rise of
Changsha kilns in the Tang Dynasty, the creative ideas of sticking to the use of tools have
continued. For thousands of years, the big cylinder has been once one of the indispensable
large items in the homes of the people in the Dongting Lake area. With the improvement
of people’s living standards, they have talked about their vision. But it is a testimony
to the glory of the Changsha kiln. Complex, after making tea, the tea soup is hot and
hot. The design idea of stabilizing the wall thickness of the large cylinder vessel is the
design idea. The vessel does not lack its strength due to the size, as much as the person
does not lose its strength due to age. The characteristics of loyalty, honesty and calmness
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can reproduce the feelings of Hunan people while drinking”. In Peng Wangqiu’s view,
“the transfer of the meaning of copper official ceramics is to transfer from the cultural
world”. TongguanTown is connected to theShizhu culture of theTangDynasty and opens
the modern cultural and creative market. The transformation from clay raw materials
to consumer handicrafts is not only a process of material transformation but also a
process of ceramics entering its social and cultural life track. The commercialization
and marketization of ceramics reveal the social relationships behind the crafts, while
the symbolization reveals the cultural significance of the crafts. From clay raw materials
without cultural life to ceramic handicrafts endowed with cultural life, Changsha kilns
are undergoing transformation in the context of modern commodity economy.

Fig. 6. “Cylinder Cup”set from “Fuxing Kiln” tea set products

In Tongguan, Fuyao is also a distinctive tea shop. The founder Wu Qi put forward
the brand concept of “Life Aesthetics”. Liu Yuedi of the Institute of Philosophy of the
Chinese Academy of Social Sciences mentioned in the article that [8] this aesthetic con-
cept was born in accordance with the new historical context [9]. With the upgrading of
consumption, nowadays more and more attention have been attached to aesthetics. Aes-
thetics in life has become a manifestation of economic power, allowing people to obtain
the enjoyment and pleasure of “beauty”. When Wu Qi made teaware, he fully examined
and considered the meaning, goal, value, cognition, concept and habits of consumers,
and designed a crack cup with strong artistic sense and beautiful appearance. The Hunan
culture is linked, and products such as the teapots of the Xiaoxiang Eight Views series
are launched (Fig. 7), giving the “new” Changsha kiln ceramics cultural significance.
This makes the ceramics that were used as ordinary daily necessities transformed into
handicrafts representing a certain kind of public taste, from the general typology and the
objective meaning suitable for common people to the subjective meaning suitable for a
certain group of people and special groups. As a result, the consumption of ceramics has
shifted to individualization, becoming a real “use for oneself” and “fitting with oneself”
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handicrafts for consumers, and gradually give the individual emotional and subjective
meaning of ceramic handicrafts during the consumption process.

Fig. 7. “Lotus pond moonlight” set from “FuKiln”tea set products

In the fiercely competitive world of pottery and crafts, Tongguan craftsmen have
rendered the crafts unique meaning and cultural characteristics, attracting the attention
and attention of consumers [10]. Through the participation of consumers, the ceramics
that give individual emotional meanings are symbolized, and together with the technical-
ization and commercialization of ceramics, they constitute three different but mutually
influential aspects of ceramic production. Pottery craftsmanship solves how to convert
soil into handicrafts most economically, ceramic sales solves how to use handicrafts as
a medium of the transaction to obtain ideal profits, and the symbolization of ceramics
solves how to give the symbolic meaning of handicrafts to win consumers Favor.

After these ceramics are produced and put on the market, their physical life will be
consumed, damaged, and ultimately out of use. It is generally seen that the social life of
ceramic crafts is often shorter than its physical life. This is because ceramic handicrafts
are symbols of cultural significance, and with the changes of social environment, their
symbolic meaning will continue to change. This involves a product life cycle issue [11].
In the process of product design, traditional crafts are used as symbols of Changsha
kilns and are used by creators, which also endow culture with certain energy [12]. These
representative local folk crafts can present the local knowledge of Tongguan and increase
the cultural confidence of the locals.

4 Product Design, Process and Life Cycle

As a commodity, ceramic handicrafts have a limited consumption cycle, that is, they
have a life cycle just like people. Compared with the small-scale pre-industrial society,
in modern society, the type of life biographies of commodities is more dependent on
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social competition and cultural taste [13]. Generally speaking, the product life cycle is
divided into the natural life cycle and market life cycle. The former refers to the physical
life and use function of the product, and the latter refers to the market acceptance and
time limit of the product. The vast majority of products cannot always be accepted by the
market. There are twomain reasons: First, newproductswith better performance, cheaper
prices or more in line with social trends will continue to appear; second, consumer tastes
and requirements will continue to change. The competitiveness of the market and the
socio-cultural nature of the period and scope of product acceptance determine that the
product’smarket life cycle is limited [14]. In addition, the factors that affect the product’s
market life cycle often include changes in economic conditions, changes in lifestyles,
and changes in values. In modern market conditions, consumers can determine the fate
of products. From the perspective of consumer choice, the market life cycle of a product
can be further divided into an objective life cycle and a subjective life cycle. The end of
the objective life cycle of life ceramics means that the whole society no longer accepts
it, so its market life cycle also ends. Just like at the beginning, due to the limitation of
technical level and the tendency of public taste, the first consideration of the products
of Tongguan Ceramic Factory is function and durability. The subjective life cycle of
craft ceramics shows the process of consumers from choosing to giving up. The end
of its subjective life cycle means that consumers are no longer satisfied and unwilling
to use or preserve the attitude, and proclaim the end of their life subjectively. This is a
process in which consumers gradually lose interest, which is often closely related to the
temperament tendency of their public tastes.

Therefore, there are three specific issues to consider in the design and sales of Chang-
sha kiln ceramic crafts: First, the acceptance speed of crafts. That is, how long does it
take for Changsha kilns to be accepted by the market? Second, the acceptance period for
crafts. In other words, how long will it last for consumers of crafts to go from appreci-
ation, taste to boredom? Third, the acceptance range of crafts. Which consumer groups
will be interested in them?Whether in terms of product acceptance speed, product accep-
tance period or product acceptance range, the subjective life cycle of a product is closely
related to consumers’ hobbies, temperaments, and values. These subjective factors of
consumers are affected by factors such as their economic conditions and social status.
As mentioned in the article “Consumer Culture and Fashion Consumption-From Jean
Baudrillard’s “Consumer Society”, fashion consumption is a symbolic system with the
nature of “social coding” through which people belong In all social classes, people can
use symbols to identify the status of others or themselves in society [15]. Therefore,
studying the subjective life cycle of a product is essentially studying consumers and
their choices of actions. The cultural consumption that consumers choose is essential to
choose a certain lifestyle and style of life.

In the process of product design, the symbolic value of Changsha kiln ceramics still
exists in the differences between different ceramic crafts [16]. These differences are
reflected in various production styles, reflecting the characteristics of local folk crafts.
Such as colorful underglaze, high-temperature copper red, blanking, kneading, print-
ing, applique decoration, scratching decoration, etc., And different styles have their
own inheritors. These inheritors inherit cultural knowledge and enrich ceramic conno-
tations through traditional crafts. As the unique characteristic glaze of the craftsman Hu
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Fig. 8. “Lotus pot” made by Hu Wuqiang

Wuqiang, chicken blood red has become a symbol of Changsha kiln in ceramic shape;
(As shown in Fig. 8) Due to the market demand for large copper pottery ceramics, it is
necessary to use the pinching process to shape the utensils. Xie Fuxiang became amaster
of copper officials with his superb pinching skills; craftsman Yong Jiangang used the
method of embossing to make irregular-shaped ceramics. This traditional craft is rare
in copper officials. Only craftsmanship can solve the problem. As a result, the utensils

Fig. 9. “Family style” made by Liu Kunting
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have more folk characteristics. As the inheritor of the national representative intangible
cultural heritage, Liu Kuntin, whose works mostly reflect the culture of childishness
and copper official fishing nets, so he chooses to create in the production process to
realize the inheritance of the family. (As shown in Fig. 9) These differences constitute
the uniqueness and difference of each craftsman’s ceramics, which makes it possible
to distinguish similar works [17]. Field survey data show that the production volume
of handmade pottery is limited, and everyone’s style is different, that is, “the work
speaks, the market speaks”. Therefore, the production of handicrafts is not so much the
production of material products as it is the production of styles and symbols [18].

5 Conclusion

Consumers always try to create their own subjective culture and try to express their
personality, interests and tastes through various consumption styles. After the public
tastes of different classes are formed, their consumption habits reflect the operational
logic of cultural consumption.

In the period of “ascetic society”, the state suppressed consumption and advocated
thrifty pride [19]. The products of ceramic factories were mainly practical and durable,
and could be very popular; now in the period of transition to “consumer society”, cul-
ture and art such as “The swallows under the eaves of Wang dao and Xie an have now
flown into the homes of ordinary people”. Pottery craftsmen have to face a large and
critical-sighted consumer group, whose subjectivity and cultural choices imply public
tastes of class attributes. The construction of an ecosystem has become an important
path at this time in the attitude and implementation of the inheritance and innovation
of Changsha kilns. The construction of the path system for the inheritance and innova-
tive development of Changsha kilns should be based on the excavation and integration
of various element resources, and build an innovative development body system with
“shou” artists as the core and the joint participation of enterprise, government, academic
media. Guided by market demand and cultural needs, supported by creative design and
innovative technology, and focused on innovation and expansion of the industrial chain,
the ultimate realization of the coordination and unity of economic, social, ecological and
cultural benefits. In this ecosystem, by creating local characteristic brands, integrating
“intangible cultural heritage” culture into it, telling stories that belong to the Tongguan;
integrating consumer elements, activating local industry vitality, and finally realizing
cultural significance in consumption; Inheriting ceramic skills and assisting rapid devel-
opment, craftsmen use traditional crafts to inherit ceramic skills, closely contact con-
sumers, designers, producers and sellers, coordinate and unify, explore the cultural value
of “intangible heritage”, and realize the foundation of consumer society Cultural self-
examination and cultural consciousness condense the “intangible heritage” inheritance
of Changsha kiln culture and extend new branches of cultural industry development.
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Abstract. In recent years, cruise travel has become an important branch of
tourism. However, the existing cruise function system is designed based on the
Western lifestyle and is not entirely suitable for Chinese tourists. Therefore, it is
necessary to carry out user research on the usage preferences of Chinese tourists.
Considering the specicularity and complexity of cruise space, this study adopts
a novel user research method: Behavior Mapping (BM) method, which can be
used to understand the unique behavior path of Chinese tourists and analyze their
demands. In addition, the BM method was also used combined with the observa-
tion method and in-depth interview method in this study. The results show that
BM is a good supplement to other research methods and can make the research
results more comprehensive and accurate.

Keywords: User study method · Behavioral mapping · User experience design ·
Cruise ship deign

1 Introduction

The relationship between space design and human behavior has been an evident and
critical issue in design proceeding (Zifferblatt 1972). Thus, an exploration of the routing,
habits, and human perception corresponding with the physical environment is apt to gain
attention in research. Especially for spaceswith comprehensive usages, there is a stronger
requisition to understanding user behavior and perceptions, which have not been filled
by existing user study methods.

BehavioralMapping (BM) is a systematicway to observe behavior without attracting
the attention of the target object (Hanington andMartin 2012). Comparedwith traditional
observation methods, BM’s unique feature presents geographical occupation and space
usability, which makes the environmental characteristics corresponding to observable
behaviors. BMmethod based on the behavior setting concept (Cosco et al. 2010), which
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is understood as a natural ecological setting that actions occur in a certain pattern and
repeat at a stable frequency, which is related to the environment in which they appear
(Scott 2005).

BM method has been adopted in various research domains, such as environmental
science, landscape planning, and architecture design. Bayramzadeh et al. (2018) has
used BM to explore the influence of operating room layout on a group of nurses’ work-
ing patterns and behavior routes. In the context of generating intervention measures or
improvement plans for the space environment, Ngesan and Zubir (2015) planned urban
park space by exploring and understanding user activity patterns with behavioral maps.
Medical rehabilitation space was improved by studying the patient behaviors (Bern-
hardt and Denehy 2015). Railway station facilities were redesigned by understanding
passengers Behavior (Zubair et al. 2019).

Every coin has two sides. The BM method collects and integrates the data subject
ID, positions, and routes with timestamps for design analysis. However, it has shortcom-
ings in obtaining the attitudes, viewpoints of the users, and meaning of their behavior
(Sommer and Sommer 2002). There also exist arguments about the reliability of data
collected by Behavioral Map and the accuracy of data interpretation. To amend these
shortcomings, the Behavioral Mapping method usually needs to be used with other user
research methods to gain more comprehensive and in-depth insights into user behavior
and improve the accuracy of research results. The BMmethod has not formed a system-
atic combination with other user research methods at its infancy stage. In this study, the
BM method is conducted to explore the Behavior of Chinese tourists in a cruise space.
The authors also explain the detailed process of using BM in user studies and how it
complements the other two user research methods to provide insights for researchers.

2 Behavioral Mapping Method

Currently, there are two BM methods used to explore the relationship between people
and the environment: person-centeredmap and place-centeredmap, whichwas proposed
by Sommer in 2002. The place-centered map focuses on how people use a space (Zadeh
et al. 2014) and how the space and facilities affect people’s behavior (Choi and Bosch
2013; Healy et al. 2015). To be specific, the place-centered map presents a graphical
representation of the space and divides the space into different areas. As a static observa-
tion method, place-centered maps are able to record the behavior and location of people
in each area. Therefore, the place-centered map is more suitable for the study of the use
of specific physical spaces.

In contrast, the person-centered map has a dynamic observation scenario, which
able to record behavior, location, and time by tracing the target user. Typically, a person-
centered map contains multiple locations, and the activity route of the target user needs
to be presented in the form of passenger mapping (Sommer and Sommer 2002). Besides,
a more sophisticated map can also reveal how often spaces are used, when used, what
types of people, and how long they stay at each location. Therefore, the person-centered
map is suitable for studying the behavior patterns of individuals or groups, exploring the
social activities of target groups, spatial adjacency, and layout on a larger spatial scale,
which are not available in traditional observation methods.
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For example, a Behavioral map has used to explore patients’ behavior in the medical
environment and gain in-depth insights into factors affecting patients’ daily activities
and social interactions, which has been proven to be reliable and effective (Berney et al.
2015; Hokstad et al. 2015; Lay et al. 2015). The advantage of person-centered map is
that the patient’s daily activity level, reallocation, and social interaction can be recorded
every once in a while (Kramer et al. 2013). The recorded data can be used to explore
the impact of spatial planning and environmental design on patient behavior and then to
evaluate the architectural and environmental design (Joseph and Hamilton, 2008)

3 Study Design

In this study,we adopted theBMmethod to collect data fromseveral cruise trips, analyzed
the activity routes, spatial usage preferences, and needs of Chinese tourists. In addition,
two traditional user research methods are employed: participant observation method and
in-depth interview method.

3.1 Study Procedure

We focus on conducting the BM method in the user study and understanding how
it complements the other two user research methods. There are three phases in the
implementation of the BM methods:

Map Generation Phase: researchers got familiar with the floor plans of the Costa
Venezia cruise ship, sketch out the maps, and labels the characteristics of the public
spaces in a cruise ship. At this stage, researchers created a set of maps for conducting
the study

BM Execution Phase: after the subject recruitment, the maps were distributed to par-
ticipants to record their activity path on the map every day. Besides, participants were
asked to rate their satisfaction increasingly, on a scale of 0 to 5, according to the space
experience.

Data Analysis Phase: the maps of each participant was collected and re-examined to
ensure data quality. Then researchers used computer software to redraw the routes of all
participants based on the original plans. The map data of several consecutive days were
overlayed to analyze and identify the participants’ use frequency of each public space
and their daily patterns in the cruise ship.

3.2 Study Setting

Because of the characteristics of cruise travel, participants were recruited in groups.
The researchers surveyed seven groups of participants, and most of them were family
groups. The tests lasted five days, participants were given a map per day when they
got on the cruise ship, and the maps were taken back when they got off the cruise
ship. Besides, during the five days, the researchers observed the flow of passengers in
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each functional space during a specific period of time. According to the result from the
observational method, researchers drew a line chart of the passenger flow in each of
the six functional spaces at different periods of times of each day, as well as the total
passenger flow in each observed space over five days. On the last day of the test, the
researchers conducted in-depth interviewswith the participants after they handed in their
maps. The interview questions included understanding the daily activities and routes,
used to verify the accuracy of the results from BM method. And questions like whether
the behavior map is intuitive and easy to use, were used to evaluate the usability of the
BM method. The public spaces have investigated on the cruise include:

The Dining Space. Chinese restaurant, Western restaurant, other exceptional restau-
rants, cafeteria, coffee shops, stores, bars, etc.

The Entertainment Space. Dance halls, theaters, karaoke, electronic game room, etc.

The Leisure Space. Shopping, SPA, child care centers, lounge, museums, galleries, etc.

The Office Space. Conference center, library, etc.

The Sports Space. Swimming pool, fitness center, multi-functional sports hall, rock
climbing, surfing, parent-child activities, etc.

In order to facilitate the follow-up investigation and analysis, the public space of the
cruise ship is divided into three main types: catering space, entertainment space, and
sports space.

4 Behavioral Mapping

4.1 Map Generation

In order to successfully create a 3-dimensional map for the cruise, a site inventory study
stage for information gathering is required from the researchers. In this study, faculty
members with a design background were assembled onto the cruise. They have been
handed a single sheet of paper with a master plan of each floor of the cruise. Each
researcher was in charge of marking up the landmarks of each floor with a pen. By
the end of this stage, the author collected all the maps created by the faculties and
overlapped the information accumulated from the maps. The duplicated names, similar
expressions, missed landmarks identified on each map have been correctly merged and
renamed, respectively, utilizing the overlapping. The correct names and locations of those
landmarks have been represented on the final map. According to the record, the author
also categorized the names of the landmarks by their characteristics of the function.

Once the basemap has been drafted for theBMmethod, researchers took into account
the ability of the average tourist to read and understand themap. Taking theCostaVenezia
as an example, the three-dimensional layered display form is adopted. Each floor’s deck
is arranged from bottom to top, and different colors are used to distinguish the bases
(Fig. 1). Besides, the cruise ship can be regarded as a complex high-rise building in
which the movement of tourists depends on the transport of elevators. The location of
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elevators is critical to make it easier for visitors to identify the location of themselves.
Therefore, the vertical space of the cruise ship is divided by three sets of elevators in BM.
This makes the geographical position of each functional space in the cruise more clear
and easy to understand. In addition, different types of spaces are represented by different
colors. For example, the red color represents the dining space, the yellow color represents
shopping space, and the green color represents leisure and entertainment space, etc. It
does not only make it easier for visitors to find where they want to go, but also helps
researchers to sort out the collected data later.

4.2 BM Execution and Data Collection

In execution phase, all participants were given printed maps and asked to record their
route on the cruise. Taking Costa Venezia as an example, participants need to tick the
landmarks they have experienced on each floor. Lines will be used to connect each tick
with the order of visiting. And the direction of the route will be determined by arrows on
the line. After 6 copies have been filled in a week, participants have also been required
to rate their satisfaction from low to high, on a scale of 0 to 5, according to the space
experience (Fig. 2). Also, the dates of use, and the types of visitors were recorded in
each BM.

There is another alternative way for recording, handwriting. Here are three samples
from the participants, and their handwritten content was translated as follows:

Participant 1: “Get on board → rescue drill on the fourth floor → go to the cabin
through the sixth floor → go out for dinner from the tenth floor → look at the deck from
the 11th floor → return to the cabin through the stairway”.

Participant 2: “➀6/ F inner cabin → stair → 3/ F breakfast → inner cabin

➁Inner cabin → 4/F card → Staircase → 11 Downstairs sun deck → 3/F lunch →
Inner cabin ➃ Inside Cabin → Stairs to 15th floor → 11th floor → 10th floor Dinner →
Stairs to 2nd floor→ Stairs to 6th floor→ 10th floor Watch sunset ➄ Makeup Ballroom
→ Art Gallery → Stair back to the cabin”

Participant 3: “Take the stairs from the 6th floor to the 3rd floor for breakfast and the
10th floor for deck play. At 8 o’clock, walk down the stairs to the 6th floor and get ready
to start. Get off the boat at 8:50 and go back to the entrance. At 5:00 PM, return to the
6th floor, take a rest and have dinner on the 10th floor.

Details of the route: It was too noisy to go back to the room at 8 pm, so I went to
the customer service (because I didn’t sleep well for three nights), but failed to solve the
problem. I got three pairs of earplugs after two times of contact, so I gave zero points.
There was no pick up of the phone many times, which push me to the customer service
center. The answer is you go back to the room immediately someone arrived processing;
20 min still did not come, so had to look for customer service again, took three pairs of
earplugs (middle landline contact)”.
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Fig. 1. BM for participants (translated from the original version). The deck of each floor is
arranged from bottom to top, and different colors are used to distinguish the bases.
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Fig. 2. Maps collected from three participants.

4.3 Data Processing and Analysis

In the data processing and analysis phase, the researchers used computer software to
create a landmark visit frequency map and redraw the routes of all participants based
on the original BM. As Fig. 3(a) shows, the researchers recorded the use frequency of
each functional space of participant B over four days and labeled the number on the blue
boxes of the landmarks. The intensity of the blue represents the use frequency. For each
type of space, the darker the color, the higher the use frequency, the lighter the color,
the lower the use frequency. The unused functional space of participant B is without any
marks.

In addition, the researchers have analyzed the participants’ path superposition on
BM. As shown in Fig. 3(b), a red circle with a number represents a stopping point and
its satisfaction level. Accordingly, participant B leaves the accommodation room every
morning (Location 1), then goes to the restaurant (Location 3), and then goes to the
space where the leisure activities are held (Location 2), and so on. However, he chose
to go to the fitness area instead of the leisure area one day. By superposing participant
B’s routes for four days, the repeated routes, hot spots, unexplored areas, and other
information were presented clearly, which helped the researchers understand participant
B’s user preferences. Furthermore, a comparison between participants could be applied
easily by overlapping the modified map of each other with a transparent background.
The more visit times of the landmark gain, the more welcome that spot should be. So
does the satisfaction score. The higher it goes, the more critical it is. The significance
of differences across different participants’ satisfaction score will be evaluated by T-test
statistic measurement to determine the differences of the satisfaction level.
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Fig. 3. (a) Left:The spatial usage frequency on the BM. (b) Right: The superposition of routes on
the BM.

5 Discussion: Behavioral Mapping as a Patch of the User Research
Method

5.1 Limitations of Behavioral Mapping Method

Although the BM method has many advantages, it has shortcomings in obtaining the
attitudes and viewpoints of a user, also the meaning of their Behavior (Sommer and
Sommer 2002). Besides,mostBM is recorded froma third-party perspective, thus trained
observers are required. Also, there are more challenges in the study of users’ behavior
in complex spaces, such as an extended recording period, a large number of recorded
objects, and the distribution of recording locations. In such cases, the use of BMmethod
requires researchers to invest a lot of time and energy in recording.

There are also shortcomings in the reliability of data collected by BM and the accu-
racy of data interpretation. For example, the design of the observation period, time point,
and observation time directly affect the quality of the data collected. In terms of data
interpretation, the recorded data only describes the user’s behavior in a series of time
nodes and thus cannot be used to conclude that the behavior is persistent. However, in
data interpretation, it is easy to generate results based on this uncertain information, thus
affecting researchers’ judgment. For the above reasons, the BM method usually needs
to be cooperated with other user research methods to gain more comprehensive and
in-depth insights into user behavior and improve the accuracy of research results. For
example, the accuracy of the collected data can be enhanced by repeated experiments or
applied the Interobserver Agreement to investigate the consistency among independent
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observers around each recording site to verify the reliability of the recorded data (Doris
et al. 2009).

However, BM has not formed a systematic combination of methods with other user
research methods. The insufficient correlation between research methods may make it
difficult for researchers to obtain a data set that comprehensively describes the behavior
of the target objects. In addition, since the BMmethod is mostly used to explore behavior
patterns in large spaces, the efficiency of this method is essential for researchers, such
as saving time and workforce.

5.2 Triangulation with Other User Research Methods

Observational Method. Scientific observation is a purposeful, planned, systematic,
and repeatable method, which can obtain data directly without other intermediate parts.
It requires researchers to directly observe the object with their senses according to
specific research purposes. Therefore, researchers can get information close to the real
status of target objects by observing their natural status. Researchers also often with the
help of a variety of modern instruments and means, such as cameras, recorders to assist
the observation.

In this study, the observational method was used to obtain the passenger flow of
each functional space in a specific period of time. The researchers recorded the origi-
nal passenger flow data of six functional areas at different periods and used the Excel
spreadsheet tool to sort out the data. The researchers drew a line chart of the passenger
flow in each of the six functional spaces at different periods of times of each day, as well
as the total passenger flow in each pointed area over several consecutive days. Based on
this data, the hotspot graph of Chinese tourists’ activity preference was formed, which
shows the demand degree of Chinese tourists for various functional spaces of cruise
ships.

In-Depth Interview. An in-depth interview is a kind of unstructured, direct, and per-
sonal method, which is suitable for understanding complex and abstract problems. It
is mainly used to acquire a deeper understanding of issues for exploratory research.
The in-depth interview can exchange information freely, and observe participants’ reac-
tions instantly. However, the number of interviews is usually limited since the in-depth
interview method requires a lot of time.

In this research, the purpose of the in-depth interview was to investigate the user’s
recognition of the usage of the cruise ship’s overall functional space, identify specific
functional settings of each section, and have a deeper understanding of the preferences
of Chinese tourists.

5.3 Triangulation of the Three User Research Methods

The heat map formed based on the observational method results reflects the overall
preference of Chinese tourists in the cruise space, which is objective and quantitative.
The results of in-depth interviews reflect Chinese tourists’ personal experience and
feeling,which is subjective andqualitative. These twomethods are themost commonuser
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researchmethods. TheBehavioralMapmethod, thoughnot common, has played a crucial
role in this study. It reflects a small sample of individual Chinese tourists and is objective
and quantitative. As Fig. 4 shows, these three research methods are complementary and
mutually verified to have a comprehensive and in-depth understanding of the target
group.

Fig. 4. Trangulation of the three user study methods

In addition, in order to verify the accuracy of the data obtained by the BM method,
the researchers asked the participants about the time and place they visited during the
in-depth interviews, and compared the data with the maps drawn by the participants.
Also, at the end of the interview, participants were asked whether the BM method was
intuitive and played the role of navigation, and the result is positive. Therefore, it is
believed that the BM method is an excellent supplement to the observation method and
in-depth interview method.

6 Conclusion

Behavioral mapping is a newmethod proposed by the research team based on cruise user
research. The researchers first made maps according to the spaces of the target cruise
ship and then distributed maps to three different types of tourists each day, and collected
all the maps on the last day. Tourists were asked to mark the places they have visited each
day on a map, which allows researchers to figure out the daily movements and behavior
patterns of each type of tourists. This method requires the cooperation of the tourists,
and the final result is a simple and intuitive presentation of the tourist route. According
to the survey results obtained by the BMmethod, combined with the observation method
and in-depth interview method, the logical relationship between the different functional
spaces of the cruise ship can be further analyzed, so as to guide the design of cruise
space that is more aligned with the lifestyle of the Chinese tourists.



78 J. Lu et al.

In conclusion, user-centered cruise space design is a relatively new field, and appro-
priatemeasurement tools are needed. The BehavioralMappingmethod used in this study
provided a rich source of data to observe Chinese tourists’ behaviors. It also shows the
advantage of easy operation, friendly use, which offers researchers a powerful tool to
save time and energy in user research. However, due to its defects of individuality and
one-sidedness, it needs to be used with other research methods. The Behavior Mapping
method can be used as a patch for different researchmethods tomake the research results
more comprehensive and accurate.
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Abstract. Maps have gained popularity with the advent of the latest technolog-
ical advances.The Maps have been transformed from the traditional paper maps
into digitized ones, which have become aninseparable part of our daily lives. This
study focuses on the sightseeing illustration maps. Specifically, the study endeav-
ors to analyze the experiences of the local and the foreign tourists.This exploratory
study is based on a comparison of the two groups of visitors and to discuss their
experiences. The results of the study would contribute to our understanding of
the preferences of the tourists and the impact of the novel digitized sightseeing
illustration maps. The results illustrate that the subjects were significantly influ-
enced by the pretty visual design, the educational backgrounds, the age, and the
knowledge of the localities which would be helpful in the sightseeing illustration
map designing and recommend certain areas for potential research in the future.

Keywords: Cognitive differences · Sightseeing illustration maps · Consumer
behavior

1 Introduction

International tourist arrivals grew 5% in 2018 to reach the 1.4 billion mark. This figure
was reached two years ahead of UNWTO forecast. At the same time, export earnings
generated by tourism have grown to USD 1.7 trillion [17].

Since they are constantly used by tourists as route finders. Similarly, tourist maps
can also be under-stood as “icons” of destination space, particularly as they are taken
home as souvenirs or mementos [7].

Indeed, many tourist centers are still offering paper tourist maps despite the popu-
larity of mobile maps. It is argued that tourist maps play a significant role in guiding
tourists and marking destinations [4]. Different from the space description in traditional
maps,modern illustrationmap s havemany breakthroughs in creativity [11]. The purpose
of this study is to understand the different versions and understandings of the tourists.
We attempted to explore what factors affected tourists’ perception of map vision. The
framework provides the experience effect of tourists on sightseeing map is an important
factor in the development of maps design industries, and can also be used as the standard
of design feasibility.
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2 Literature Review

2.1 Sightseeing Illustration Map

Touristmaps are essential resources for visitors to anunfamiliar city because theyvisually
highlight landmarks and other points of interest [5].The contents of the city images so far
studied, which are refer-able to physical forms, can conveniently be classified into five
types of elements: paths, edges, districts, nodes, and landmarks [10]. The results also help
to uncover market opportunities as well as to identify local elements and attractions that
are most valued by visitors [1]. Illustration Map is used in express concrete and easily
recognizable illustrations used on maps displays, To promote the legibility, fun and
characteristics of map information transmission [13]. In addition to basic composition
elements, colors, images, lines, text, etc. must be used flexibly to highlight themes and
strengthen the spatial impression of area [17].

2.2 How Did the Visual Effects Tourists Behavior

Cognition is not abstract information processing implemented by the brain alone, but it
draws on the resources of the brain, body, and environment (thus, we say that cognition
is embodied and situated). Importantly, the environment also includes other cognitive
agents—other humans and cognition makes use of them as well. Thus, cognition is
distributed, potentially across many distinct individuals [16]. An enormous amount of
quantitative information can be conveyedbygraphs; our eye-brain systemcan summarize
vast information quickly and extract salient features, but it is also capable of focusing
on detail [8]. Cognitive theorists postulate that, in the mind, knowledge resides within
sets of organized and interlinked mental schemata which can be activated by experience
[6]. A tourist attraction may contain several popular views and landmarks. The most
popular view or landmark is selected to represent the primary visual feature of a tourist
attraction in a map [3]. The apparent clarity or “Legibility” of the cityscape.

By this wemean the easewithwhich its parrs can be recognized and can be organized
into a coherent pattern/Just as this printed page, if it is legible, can be visually grasped as
a related pattern of recognizable symbols [10]. All visitors interviewed explained their
choice of direction in terms of visual elements. It might be an architectural feature, a
work of art or some evidence of street entertainment [2]. Visual communication relies
both on eyes that function and on a brain that interprets all the sensory information
received. An active, curious mind remembers and uses visual messages in thoughtful
and innovative ways. Knowing about the world and the images that it conveys will
help you analyze pictures [15]. Attitude structure contains three elements: cognition,
affect and conation, organized and internal consistency, Especially the centrality of the
attitude. Attitudes, like most other consumer behaviors, are learned through learning.
Consumers obtain and form attitudes directly or indirectly from their own experience
and information from interpersonal and media [11]. Social influences determine much
but not all of the behavioral variations in people. Two individuals subject to the same
influences are not likely to have identical attitudes, although these attitudes will probably
converge at more points than those of two strangers selected at random. Attitudes are
really the product of social forces interacting with the individual’s unique temperament
and abilities [14].
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3 Methodology

Sightseeing illustration map is a visual work combining information transmission, mar-
keting communication and artistry, It is widely used in scenic spots. At present, there
is a lack of understanding of the actual effect and design method of illustration map.
This research investigates the sightseeing illustration map, Industry under the influence
of cognitive and behavior. Figure 1 is the structure of this research.

Fig. 1. Framework of the study adopted from [12]

3.1 Research Problem and Hypothesis

To validate the research data, multiple data sources were employed to strengthen the
research reliability. These included interviews and questionnaire survey. With regard to
the spatial structure, a closer and multi-point perspective was adopted differing from the
existing Hong Kong illustration map, which was more in line with the actual sighting of
the tourists. The architectural structures and the decorative details were separated from
the regular and common tourist illustration maps.

Based on the interview survey the following conclusions could be made:

1) The number of travels affects the perception of the Hong Kong element. Around
three trips would be more helpful for recognizing the cultural characteristics than
from zero to two times.

2) Regarding the visualization of the map samples by the male and the female
participants, the difference was hardly noticeable.

3) All participants expressed a great sense of visual perception and the aspiration to
visit in the affirmative.
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The following hypotheses could be proposed based on the results:
H1: Significantt differences could be noticed in the reading experiences and attitudes

between the local and the foreign tourists.
H2: Visual perception has a significant impact on the visit aspirations.
H3: The number of trips would impact the susceptibility of the element of Hong

Kong (Figs. 2 and 3).

3.2 Experimental Samples

Fig. 2. Sample –Tai Hang-Tin Hau Fig. 3. Sample –Lei Yue Mum

As for the selection process of the research object, the products were chosen from a
set of maps. Certain basic elements were used during the planning and creation stage, to
enhance the guiding functions of the tourist illustration maps. The bountiful landscape
reflected the diversity and humanistic approach to life of Hong Kong and enhanced the
overall artistic and memorial value.

To understand the attitudes of the tourists towards the new sightseeing illustration
maps, the data was assimilated using a questionnaire in October, 2020. In the case
study concerning the foreign participants, the users were allowed to use the mobile scan
QR code for watching maps on the HTML5 format (one page picture and one page
explanation), Besides, poster maps (115.5 cm × 54.5 cm) were also displayed on the
walls. The survey included the visitors to the exhibition in the University within New
Taipei in Taiwan.

3.3 Questionnaire Design

In case of the local participants, only the HTML5 version maps were available. The
selected solutions illustrated different possibilities for digital pictures and posters for
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the subjective evaluation of the interactivity of the user for quicker comparison. In the
questionnaire, the background of the participants was also requested, including age,
gender, nationality, number of times travelled in Hong Kong, and the reading media
referred. The main questionnaire had a total of eight questions. The tourist participants
had to indicate their feelings on a five-point scale, to evaluate the responses of the
participants to each item. (see Table 1)

Table 1. Five points scale of participants attributes of the maps.

Descriptions    
F1.  Are you satisfied with the visual aesthetics of the map? 

□1 □2 □3 □4 □5 
F2.  Do you think the attractions on the map are clearly recognized? 

□1 □2 □3 □4 □5 
F3.  Do you think the road directions clear on this map? 

□1 □2 □3 □4 □5
F4.  Can you feel the elements of Hong Kong through visual presentation? 

□1 □2 □3 □4 □5
F5.  Do you think this work is difficult to read? 

□1 □2 □3 □4 □5 
F6.  There be any intention to actually visit after reading the map? 

□1 □2 □3 □4 □5
F7.  The inconvenience of using electronic map in travel 

□A □B 
F8.   Is this work a good design? 

□1 □2 □3 □4 □5

4 Results and Discussions

This study analyzed participants reading experience towards the maps. Questionnaire
passed the cronbach alpha test scores .788. Reliability increases after deletion of
questions; the topic design still meets the reliability requirements (Table 2).

Table 2. Correlation coefficients between each experience-factor

Variable F1 F2 F3 F4 F5 Overall

F1
F2
F3
F4
F5
Overall

1
.404**
.503**
.592**
.358*
710 **

.404**
1
.555**
.433**
.280*
.331*

.503**

.555
**
1
.542**
.420**
.497**

.592**

.433**

.542**
1
.228
.562**

.358 *

.280 *

.420**

.228
1
.303*

.710**

.331*

.497**

.562**

.303*
1

*p < .05. **p < .01.
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Correlation coefficients were calculated in this study to examine the relationship
every pair of items of maps experience. In the subject of the main questions F1 to the F5,
visual aesthetics of the map, clearly recognized of the map, road directions clear on this
map, elements of Hong Kong through visual presentation and Overall had significant
correlated. As can be seen in Table 1, Visit aspiration is significantly correlated with that
of elements of Hong Kong through visual presentation (Table 3).

Table 3. Analysis of variance for maps experience by educational background

Variables Works F
M Scheffe’s 

post hoc 

F1

Secondary 
School

10.148**
4.36 1＞3

University 4.10 2＞3
Graduate 3.21

F2

Secondary 
School 4.5* 4.00

University 3.95 2＞3
Graduate 3.26

F3

Secondary 
School

9.464**

4.55 1＞2

University 3.55
Graduate 3.05 1＞3

F4

Secondary 
School

3.512*

4.09

University 3.10
Graduate 3.00

F5

Secondary 
School

4.321*
4.91 1＞3

University 4.10
Graduate 3.95

*p < .05. **p < .01. 

An analysis of one-way ANOVA shows that the educational background was result-
ing in significant differenceswith all five items. The differenceswere between Secondary
School group and university group, Secondary School group and graduate group.

Results of Scheffe’s post hoc analysis suggested that in three groups scores of Uni-
versity and Graduate educational Background participants were significantly less than
that of Secondary School group. This result should be related to the fact that Secondary
School group most of them are local residents and over 40 years old. That reasons why
they had a higher standard of than other groups.

From this, we can conclude that the evaluation of the map is related to the
understanding of Hong Kong.
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Table 4. Chi-square tests for inconvenience in using the map by age

Independent 
Variable

Items X2

(df)
1 2 3 4

Age Young f 9 8 4 3 13.117*

(6)% 18.0% 16.0% 8.0% 6.0.%

midlife f 2 4 1 7

% 4.0% 8.0% 2.0% 14.0%

mature 
adult-
hood

f 2 2 0 8

% 4.0% 4.0% 0.0% 16.0%

Total f 13 14 5 18 50 50

% 26.0% 28.0% 10.0% 36.0% 100.0% 100.0%

Chi-square test was manipulated in this study to examine the association between
three group of age variables dependent variable of maps experiences. Table 4 shows
that three sets of Chi-square score were higher than the critical values suggesting that
inconvenience in using the map in significant differences in their experience.

Figure 4 shows that as regards the most of the young participants selected item 1
“Easy to go wrong”, The second was item 2 “too complicated”. However, in the results
of the mature adulthood group participants most selected item4 “other”. Finally, the
midlife group also participants most selected item4 “other”, The second was item 2 “too
complicated”.

The multiple regression model overall with all five items produced F = 10.705,
suggesting a statistically significant (p< .001). Taking of five design items of Overall as
independent variables, can properly predict the overall evaluation score, five predictors
produced R= .741, R2= .549. As can be seen in Table 5, have significant correlation in
the Visual β (t= 4.067, p< .001). visual is most important factor in participants overall
evaluation of the map design.

5 Summary

The sample group consisted of the local and the foreign tourists. The groups were
constructed in such a manner that valid comparisons could be drawn between the two
groups. Based on the statistical analysis of the data, certain important findings have been
discussed below.

(1) The local and the foreign tourists: With regard to the hypothesis H1, ‘There are
significant differences in the reading experiences and attitudes between the local
and the foreign tourists’, the statistical data indicated no significant differences in
the experience of the map readings. However, in case of the Hong Kong element
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Fig. 4. The relation between inconvenience in using the map and age

Table 5. Multiple regression analyses for five design items to predict preference of the maps

Independent variable Predictor variable B r β t

Overall, of the maps Visual .485 .710*** .544 4.067***

Recognition .049 .331** .053 .428

Clarity .113 .497*** .148 1.051

HKelement .117 .562*** .178 1.308

Difficulty .017 .303* .021 .181

R = .741 R2 = .549 F = 10.705***
*p < 0.05 **p < 0.01 ***p < 0.001

perception, certain differences were felt, while the susceptibility of the foreign
tourists was lower than that of the local tourists.

(2) The attraction effect: Regarding the hypothesis H2, ‘Visual perception has a sig-
nificant impact on visit aspirations’, we could observe that all the participants had
positive feelings about the visuals which were quite similar. Through an evalu-
ation to explore how the visuals affected the visit aspirations towards the maps,
the outcome illustrated that there was a close relation to the Hong Kong element
perception.
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(3) Factors affecting the map experience: The Chi-square and the ANOVA test results
revealed that there were significant differences in age and educational backgrounds.
Regarding the hypothesis H3 ‘The number of trips would affect the susceptibility of
the Hong Kong elements,’ the participants were well acquainted with the place and
could feel the local characteristics more, thereby suggesting the need to customize
the map designs according to the customer groups.

This study endeavored to find answers as to how the pictures and visuals affected the
perception of the tourists, by gathering the opinions from the local and the foreign tourists
to identify the differences between the two groups. The results indicated that visual
perceptions were not restricted by gender and identity. It evidenced the fact that tourist
effectiveness of the map was influenced by the understanding of the area characteristics
playing a vital role in the visit aspirations. According to the characteristics of illustration
map, it has been reflected in this research. The subjects agreed that the map has a good
visual impression and easy to read.

Based on the results of the research, this paper proposed several recommendations
for future research. The designers could adopt measures like well-known attractions,
the city images, and Uniqlo color to enhance the tourist desires. Another solution to
this city marketing could be to encourage the local residents to experience cultural
sightseeing. Besides, the smaller areas could be replaced by the eighteenth district of
Hong Kong. Finally, implementing more effective cultural communication could have
ensured positive attitudes in the tourists.
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Abstract. There are various traditional handicraft works in China and they have
formed different kinds of brands after years of inheritance and development.
Because of the market economy, traditional handicrafts gradually transform from
rather stable family inheritance to less stable enterprise inheritance. The construc-
tion of enterprise brands is beneficial to the inheritance and sustainable devel-
opment of traditional handicrafts. By applying a data analysis method, this thesis
takes “Rushanming”, aRuWare brand as an example to summarize and analyze the
experience in constructing Chinese traditional handicraft brands in the we-media
era.

Keywords: We-media · Traditional handicrafts · Ru ware · Brand value

1 Introduction

In the information age, the original model of social operation has changed greatly and the
existing frame constructed within regional markets is disintegrated rapidly, which then
make the development of traditional handicraft enterprises trapped in a dilemma–they
have difficulty in inheriting skills and showing their culture value, and their markets
shrink greatly. Therefore, at present when regional characteristics and traditional culture
connotations are disappearing rapidly, brand construction of traditional handicrafts needs
to start immediately.

A brand can improve enterprises’ potential productivity and market competitive-
ness, so building a brand is the only way for an enterprise to develop. Throughout the
development history of the market economy, the interactivity between market economic
structure and brand construction is reinforced gradually. Through brand construction,
handicraft works are able to enter the mainstream consumer market and achieve success.
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Under the background of globalization, multiple brands, aggressive brand extension
and complex sub-brands appear in themarket, which promote themarket to bemore pros-
perous and energetic [1]. With product demands becoming increasingly diversified and
market competition getting fierce, the brand can help traditional handicraft enterprises
decide on their market positioning and promote the upgrade and update of traditional
handicrafts. What’s more, it can also accelerate the permeation of traditional handicraft
works into other industries so as to expand business and realize business innovation.

2 Literature Review

Each historic brand survives from a long period of handicraft competition and business
competition, so it contains immeasurable brand, economy and culture value. Nowa-
days, brand development is facing new problems at the new stage. How can it be
solved and promote the sustainable inheritance and development of brands? The role of
brand construction in the market economy has been widely recognized by world-leading
scholars.

Raggio, R., Leone, R. believed that a brand is the large asset of many companies. To
prove this, they worked on a project of brand value evaluation, which discussed brand
evaluation, brand value and brand application in practice [11]. Based on this research,
they also highlighted that enterprises always pursue applicable value of brands so as
to maximize brand value. Meanwhile, they further discussed the measures to develop
brand value, aiming to shed light on future practitioners [12]. Sharma, P., Mishra, S.S.,
Sengupta, R.N. pointed out that brand positioning was a key factor that led to enter-
prises’ differentiation advantages. They believed that a company should formulate a
brand development program by understanding itself and the surrounding environment,
investing in brand identity and image-building plans, and brand reviewing. It showed the
importance of brand positioning in enterprises’ brand construction. As for the impor-
tance of brand positioning [13]. Santos, F., Burghausen, M., Balmer, J.M.T also held
the same opinion. They expounded the concept of traditional brand positioning and
explained how the bidirectional function between products and enterprise brands rein-
forced each other, which were of great strategic importance to middle and small-sized
enterprises, as they could not only give repositionings to their products or brands, but
also get somemeaningful enlightenment from products’ brand inheritance and construc-
tion of enterprise inheritance [14]. Zhang et al. proposed that the interaction between
creativity performance and brand authenticity could actively promote consumers’ brand
experience, and improved management experience on how to promote the sustainable
inheritance of traditional brands through investigating specific cases [15].

Ou et al. pointed out that since the social environment, consumption trends, and con-
sumption structure in contemporary China have changed greatly, promoting the trans-
boundary integration and development of traditional handicrafts with innovative design
philosophies could convey the culture value of traditional handicrafts better and con-
struct aesthetic concepts of the contemporary era [10]. In Advances in Chinese Brand
Management, Heine, K., Gutsatz, M. mentioned that Chinese economic orientations
were gradually changing from low-end manufacturing to high-end and creative indus-
try, from capital-driven to innovation-driven, and from “made in China” to “designed
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in China”. They also believed that brand construction was becoming a key factor driv-
ing economic transition in China [5]. Meanwhile, Indian scholars Yadav, R., Mahara,
T. considered that medium and small-sized enterprises played a crucial role in Indian
economy, and pointed out if they wanted to flourish in the competition, innovation is
extremely important [17].

In Brand value, Arvidsson, A. discussed the essence of brand value. They believed
that in social productive process, consumers created symbolic and emotional wealth
around the brand in their daily communication and interaction, which clarified the role
of consumers in brand creation [4]. Meanwhile, Masè, S. and Cohen-Cheminet, G. put
forward that product innovation was not only limited to technology-driven and market-
push strategies, but also included design-driven innovation. They further highlighted that
this kind of innovation should be associated with the meaning conveyed by the brand
and business model of the enterprise [8]. Furthermore, from the consumer perspective,
Schroeder, J.E., Borgerson, J.L., Wu, Z. revealed how consumers created the meaning
of culture heritage brands from consumers’ point of view. They reckoned that Chinese
enterprises are ready to stand out in the new-style brand competition using their abun-
dant culture heritages, rather than relying on cheap mass production. Finally, they came
up with the idea of applying Chinese characteristics and cultural knowledge to establish
brand value, in order to tackle cultural tensions, instead of avoiding them [6]. Neder-
gaard, N., Gyrd-Jones, R. also agreed that innovation is a key factor in driving brand
growth. They discussed how enterprise brands made contributions in leading and driving
innovation, and further investigated the significance of brand leadership in innovation
management and approaches of brand innovation [9]. Kim, Y.K., Sullivan, P. proposed
that when formulating brand strategies in the market, consumers’ eagerness to positive
experience were necessary to show the true themselves, or cooperatively create designs
or thoughts on the brand. In addition, a model of emotional brand strategies should be
sketched [7].

Urde, M. put forward the idea of making a brand into a strategy resource, and regard-
ing invisible value and symbols as resources are the necessary step of brand positioning.
He advocated exploring brand mission based on the model of brand positioning, con-
structing the brand by establishing vivid pictures and forming internal brand identity.
He also advised to form the brand by bidirectionally combining the rationality with
emotions, and simultaneously constructed a brand hexagon. All in all, the core of brand-
driven organization is to establish “value” with strategic foundation so as to finally create
product awareness, products, brand association, and consumer loyalty to the brand [16].

3 Methodology

Through comprehensive literature review, this paper collects and analyzes scholars’
opinions worldwide on brand construction, and then draw the conclusion that brand
construction is of great significance to enterprise transformation anddevelopment.Mean-
while, this paper describes the scale, development situation and brand construction of
310 Chinese traditional handicraft companies through questionnaires, which lay a solid
foundation for further discussion on this topic. Through in-depth data analysis on 310
traditional handicraft companies, this research summarizes the problems of companies in
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brand construction and clarifies the directions to solve these problems. Finally, through
case studies, the value of constructing traditional handicraft brands is analyzed, valuable
experience in constructing traditional handicraft brands is summarized.

4 Construction Situation and a Case Study of Chinese Traditional
Handicraft Brands

4.1 Construction Situation of Chinese Traditional Handicraft Brands

Guided by market economy, traditional handicraft workshops transform from household
production into enterprise operation. Therefore, on one hand, the brand becomes the core
asset of enterprise development; on the other hand, it improves the stability of inheriting
intangible cultural heritages. The investigation of the 310 domestic Chinese traditional
handicraft enterprises shows that most traditional handicraft enterprises are small and
micro businesses with the scale of small and medium-sized enterprises [18]. Based on
the overall trend of the result, the further the enterprises develop and the bigger scale
they have, the stronger brand awareness they will have (see Fig. 1).

Fig. 1. Annual sales and brand awareness of the enterprises

As shown in the chart above, the 310 enterprises show five different development
trends.Roughly 40.97%of the interviewed enterprises believe that their enterprise brands
have aprominent influenceon leading local economyandculture; 23.23%of thembelieve
that they have a great influence on leading local economy and culture; 21.61% of them
believe that they have some influence, and only 14.19% of them do not think they play
a role in leading local economy and culture (see Fig. 2). This data shows that traditional
handicraft enterprises have a correct understanding of the importance of the brand, and
they have rather strong cultural confidence.

However, compared with high brand self-cognition and self-assessment, the pro-
portion of brand promotion in enterprise total investment is not high. Most enterprises
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Fig. 2. Brand influence of the 310 enterprises on local economy

claim their investment proportions in the following order: heritage production → brand
promotion → product distribution → enterprise operation. However, based on their
practical operation, their investment proportions in reality are in the following order:
heritage production→ enterprise operation→ product distribution→ brand promotion
(see Fig. 3). According to the descriptive statistical analysis to the 310 enterprises, it
can be concluded that the average value of enterprises in brand promotion is 56, the
maximum value is 129, the minimum value is 11, and the standard deviation is 24 (see
Table 1). This means that most enterprises are short of investment in brand promotion. In
other words, although most traditional handicraft enterprises have had brand awareness,
they are still at the initial stage of brand construction.

Fig. 3. The proportion rank of enterprise operation input

Based on the marketing channel, regular customers and fans are main consumer
groups of traditional enterprises at present, contributing 82.26% of the sales. Their main
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Table 1. The descriptive statistical analysis results of 310 enterprises’ total points, average
value, maximum value, minimum value and standard deviation in heritage production, enterprise
operation, product marketing and brand promotion.

consumption channels are from exclusive shops, Circle of Friends and government pro-
curement, which shows that these enterprises have not broken through the acquaintance
salesmodel, and they fail to expand their consumer circle through brand communication.
It reflects that these enterprises pay too much attention to traditional sales territories,
and showweak awareness of applying brands to resource integration for expanding their
consumption fields [18].

A brand is intangible asset, including four aspects: brand awareness, approved qual-
ity, brand association and brand loyalty [1]. It can improve enterprises’ potential market
competitiveness. Constructing a brand is the only way for the enterprises to develop. At
the age of consumerism where information technology and smart devices are popular,
public consumption views are increasingly mature; consumers clearly show their appeal
to product brands to increasingly pursue for various high-efficiency and high-quality
experience. Consumption is gradually upgrading vertically and differentiating horizon-
tally. When selecting traditional handicraft works, consumers become active instead of
being passive, and they change from perceptual consumers to rational ones. As a result,
on the way of building a brand, enterprises need to clarify their position and find out the
most appropriate direction for their brands to develop.

According to the research, handicraft works within RMB300 are the most popular
in the market, while works of handicraft brands are usually worth more than RMB 500
belonging to high-end products [19]. Handicraft brands over-emphasize their own value
but lack of efficient communication with the market, which leads to a psychological
gap between the producers and buyers. Among interviewed enterprises, a large number
of them are modern enterprises separated from family firms or enterprise brands trans-
formed frommaster brands. In particular, the brand “Rushangming” originating from the
producing area of RuWare products in Henan province is of great innovative and exem-
plary significance. The next sectionwill briefly analyze this case, as an initial exploration
of the universal law of constructing traditional handicraft brands in We-Media age.



96 S. Ou et al.

4.2 A Case Study

In the 1980s, Ru-kiln reproduced again. Since 2015, the government has begun to pay
attention to protecting, inheriting, innovating and developing RuWare culture. Thus, Ru
Ware industry gradually shows the trend of developing from technical recovery phase to
industrial renaissance stage. However, the industry chain in the ceramic production field
in Ruzhou is still weak [2]. The increasing number of foreign and domestic enterprises
which imitate Ru Ware not only brings opportunities to the popularization of Ru Ware
culture, but also brings challenges to the formation of Ru Ware industry in the source
area at the initial stage of its renaissance [3].

The Initial Establishment and Creative Product Design of “Rushanming”. In the
international and transregional competition of Ru Ware products, the brand “Rushan-
ming” originating fromRuzhou comes out of Ruzhou and explores a characteristic devel-
opment road through seeking for cross-border cooperation and integrating resources of
good quality. The brand was first established by Li Keming, the nephew of Li Tinghuai
who is a great master of Ru Ware. It consists of only 3 to 5 core members, but it is a
closed loop includingR&D,production andprocessing, brandpromotion, andmarketing.
Meanwhile, three product systems mutually supported by household items, High-end
handmade and custom-made cultural and creative products are constructed to serve for
diverse living needs from the perspective of industrialization.

Li Keming entered the RuWare enterprise as an administrator.What he had to face at
first was marketing. After some market research, he realized that master ware products
with high price and low practice were hard to sell. After further studying in Academy of
Arts and Design, Tsinghua University, he further understood the history of RuWare and
found out the problems in this industrial development. He began to design and research
practical Ru Ware products and establish Ru Ware brands.

The process of brand construction consists of product research,manufacturing, logis-
tical support, brand communication, channel allocation, and other links. It involves com-
plicated and systematic engineering. The implementation of brand strategies mainly
focuses on designing visual images, brand association, and establishing the deep rela-
tionship between consumers and brands. Each of these tasks is carried out under the
guidance of brand identity and brand positioning [1]. Therefore, Li Keming thought
deeply about brand positioning during practice and dealt with all kinds of difficulties.

In 2016, Li Keming started his first trial: the development model of integrating
Ru Ware with wine. He designed the series products “Ru-liquor”, registering and
establishing the brand “Rushanming” in January 2017. He drew inspiration from Ru
Ware treasures of the Northern Song Dynasty in overseas museums, reproduced bottles
“Yuhuchun” into winebottles, cooperated with master winemakers in Henan, and finally
pushed out “Ru-liquor” series products. After consumers drink the wine, they can keep
the bottles as a vase to display flowers instead of throwing them away, which achieves
the effect of 1 + 1 > 2 (see Fig. 4).

When reproducing bottles “Yuhuchun”, he applied 3D printing techniques to best
restore the original works. Because white wine is easy to permeate and volatilize, he
tested again and again and finally overcame technical problems caused by cracked pieces
of RuWare products. Finally, he obtained the opportunity to cooperate with his partners
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Fig. 4. “Ru-liquor”winebottles work as vases

with his sincerity and excellent business plan, which promoted “Ru-liquor” products to
become real products from creative ideas.

Guided by these thoughts, Li Keming designed “a box of Ru pigs”, “moneyed mous-
es” (see Fig. 5), “moonlight treasure rabbits” (see Fig. 6) and other series products in
succession. They combined with seasonable festivals and consumption situations, based
on which he carried out marketing promotion. For the favorable appearances, high ele-
gance, moderate prices, practical value and story lines, these products win him a large
group of fans, good reputation and favorable market returns.

Fig. 5. Moneyed mouse Fig. 6. Moonlight treasure rabbit

Market Research and Consumer Connection. Market research is the precondition of
product positioning and product design. The popularization of internet and e-commerce
simplifies the process of market research and reduces research costs. When releasing the
products above, Li Keming didn’t adopt the traditional sales models of offline exclusive
shops. On the contrary, he used internet crowdfunding, whichmeans to raise project fund
from netizen in the way of group buying+ forward purchasing. In this way, the sponsors
make use of communication features of internet to show their creativity to the public and
aim at net friends’ support and attention. Themodel can help them efficiently understand
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consumers’ real demands and market sizes, so they can carry out production with the
raised project fund in advance, which not only saves costs, but also avoids oversupply.
At the same time, crowdfunding overturns the traditional operation model, and puts the
construction of brand images ahead of product production and consumption.

Let’s take the series products “Ru-liquor” as an example. The series initiated 6
times of crowdfunding through Jingdong, Yitiao and other crowdfunding platforms, and
they showed an ever-increasing trend from sales, page views and supporters. Especially,
between the two crowdfundings in March and June in 2020, a three-month gap, their
supporters and the amount of raised money reach a new height. (see Table 2)

During the two crowdfundings, “Rushanming” continued its internet publication,
took the initiative with the brand and connected human emotions with its protects to
guide mass consumption. Based on the sales of Ru-liquor series products, its brand
stickness starts to show preliminarily. Meanwhile, after continuous communication with
the brand, consumers begin to show interest in the brand and become its supporters. They
generalize the products and the consumer group is further expanded.

Table 2. Crowdfunding situation of Ru-liquor series products during 2016–2020.

The Construction of Its Brand Image and Brand Broadcasting. In establishing and
spreading the brand “Rushanming”, it paid attention to exploring the historical and
cultural value of Ru Ware, linking up the ancient to the modern and putting forth new
ideas. In view of the rarity and long history of ru ware products handed down, it is of
great significance to explore the aesthetics of the northern song dynasty to meet rising
consumer demand in the new era. After the TV show whose story background is the
northern song dynasty became popular, Li keming seized the opportunity and pushed
out the same kind of Ru Ware products, which yields twice the result with half the
effort. besides, he made a fuss about the character “Ru” in Ruzhou and RuWare so as to
produce a series of associations and homonymous meanings and leave repetitious and
overlapped impressions on consumers.
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The background of “Rushanming” is based on Northern Song Dynasty. With the
advertisement “Ru” Ware products are so excellent that they can describe the scenery of
the sun shining after rain, the remarkable color of Ru Ware products can be described.
Moreover, in order to enhance consumers’ visual impression, Li Keming applied azure
and white, unique to Ru Ware, to be the dominant tone in designing product packaging.
Through the analysis of the stroke structure of the printed font in the Song Dynasty, Li
keming adopts the unique font with sharp end and vertical strokes in regular script, and
designs it on this basis to enhance the smoothness of the font edges and corners and
make the font full of modern sense (see Fig. 7).

Fig. 7. Product packages of “Rushanming”

“Rushanming” fully applies we-media platforms–publishing its WeChat Official
account and opening an online flagship store to be the windows of advertising and
selling its products. Hence, when we browse web pages, we can easily sense the detailed
introduction including creative inspiration, craft process, product connotations and other
aspects. Meanwhile, Li Keming also works as an internet celebrity and sells his products
on network platforms. Surprisingly, his single performance once got 74000 praises with
17000 interactive comments. Through getting involved in different training and social
activities, he introduces his products and ideas to the public to enhance his influence
within andout of the industry.Besides, he also actively participates in industrial dialogues
and research activities to expand his interpersonal resources and increase opportunities of
cross-border cooperation. Moreover, when interviewed by official media and we-media,
he seizes opportunities to advertise the production techniques of Ru Ware products to
the public, aesthetics of the Northern Song Dynasty and his creative design concepts,
which wins him a large group of fans.

5 Research Results and Discussion

Based on the case study of traditional handicraft brands, the construction model of
traditional handicraft brands is generated in forms of Urde’s hexagon model.The left
side of the hexagon is perceptual and emotional factors and the right side is rational and
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Fig. 8. Construction model of traditional handicraft brands (collected and drawn by authors of
the research)

fixed factors. (see Fig. 8) The traditional craft brands should be able to spread, develop
and quality-orient. Spreading corresponds to the target group of the brand. The first
visual identity of the brand must be widely recognized and sustainable development, the
quality of products should be guaranteed in production andprocessing.Brand positioning
must be accurate, which including brand identity, product creative positioning, and target
audience positioning. The construction of the brand includes identification of its logo and
the overall visual image, and the choice of production and processing. Brand marketing
includes identifying target groups precisely, making appropriate promotion strategy for
the market and providing support for production and processing. Finally, these factors
will create the value of traditional handicraft brands.

Brand value is also reflected on consumers trust and support. Through continuous
interactionwith consumers, consumerswill become loyal customers for the brand,which
will produce public effects and repurchases. When consumption behavior occurs, in
addition to the performance of the product, their ideas and popularity as well as the
influence on social relationships are also taken into the consideration range. The brand
effect of “Rushanming” appears after nearly 4 years of operation. It can be seen that
the innovation of traditional handicrafts should be based on traditions.The contemporary
value of traditional handicraftswill be created only if traditional cultural value is explored
deeply, the brand should keep up to the date so as to make modern technology and
media for our own use. In the initial stage of the brand “Rushanming”, small teamwork
and we-media marketing have enabled the market rapidly expand with low-cost brand
communication. The approach has explored a new road for the development of traditional
handicraft enterprises and. It is worth learning from other enterprises.

There is very fewRuWare products of theNorthern SongDynastywere handed down
and the public impressions and understanding of them are only limited to history books
and museums. However, the brand “Rushanming” makes the public close to Ru Ware to
understand its short but prosperous peak, and arouses their yearn for the elegant tastes
of people in Song Dynasty. Meanwhile, through representing treasures of the Northern
Song Dynasty with technology and lower costs while ensuring quality, “Rushanming”
makes the elegant tastes in Song Dynasty close to the ordinary people in modern times.
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Through creatively transforming traditions, “Rushanming” broadens the application of
Ru Ware products in contemporary life, and successfully builds the image of Ru Ware
products among mass consumers, especially among young people.

6 Conclusion and Suggestions

Craftsmen innovate their works on the basis of inheriting traditions. If they can be mass-
produced, they will become products and then enter the consumption market and maxi-
mize the value of products by obtaining economic returns, which will feed back handi-
crafts in return. Brands can help the rapid transformation of innovations into products,
so that the value of crafts manship can be finally reflected.

It can been seen from the case of “Rushanming” that in the process of brand build-
ing, the key points are to clarify the corporate brand development positioning and the
interaction with consumers as brands create the communication between enterprises and
market centering based on consumer demands, allowing consumers to gradually build
trust and form emotionally dependence, which is also a process of brand construction
and maturity.

Internet economy is a new economic form, which greatly reduces the cost of brand
building and communication, especially for small and micro traditional handicraft com-
panies. Therefore, traditional handicraft enterprises should make full use of the con-
venience brought by the rapid development of internet and seize the opportunity of
cross-border cooperation to expand their brand effect through sharing communication
or distribution channels.
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Abstract. As a place to relax and rest after work, the “family residence” is also
an important space for gathering family affection and centripetal force which is
full of “Memory” and “Recollection”. Everyone has their ideas about the style and
planning of the “family residence”. Looking back at history, designers have had
many successful cases in their overall planning and design of their home space,
but there are relatively few designs focusing on “monumental”. This article takes
a family memorial “Qiyun Residence” as an example. Based on Maslow’s hierar-
chy of needs theory, and the relationship between “Technology”, “Humanity” and
“Cultural Creativity”, it analyzes the origin and main idea of “Qiyun Residence”.
The results show that “Qiyun Residence” presents a style that can be said “Sim-
plicity without simple, and Simple without boring.” It’s connecting the owner’s
precious “Memory” and “Recollection”, and this design method can also inspire
similar designs.

Keywords: Qiyun Residence · Family memorial house · Human-centered
design ·Memory and recollection · Emotional and experience design

1 Introduction

The purpose of the design is to improve the quality of human life and enhance the cultural
level of society. At the beginning of the 20th century, design reformers represented by
Bauhaus have been guiding the new direction for modern design and driving the world’s
modern design movement by its concept that combines craftsmanship with industry
and pursues “rational” in design thinking in the 20th century. The evolution of design
over the past 100 years, behind the changeable styles, has never stopped thinking and
questioning the essence and connotation of design. These changes mainly involve the
following aspects: (1) From Function to Feeling, (2) From Creating to Sensing. How
to make “design” and “human” get along more harmoniously, and how to make design
more in line with “humanity” is an important prerequisite for the sound and sustainable
development of design, and it is also one of the main topics of future research.
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There are many types of residential-related designs, which can be roughly divided
into two categories: (1) A building used to shelter from wind and rain and provide
living and working space; (2) Various supplies for life and work scenes. To some extent,
the design of “family space” can be regarded as the beginning of all designs. With the
development of technology and the maturity of construction skills, today’s buildings
can meet the requirements of “functional level”. When the “function” has satisfied, with
good “feelings and experience” to become the people further goal, which is consistent
with Maslow’s hierarchy of needs [8]. The reason why “home” allows us to relax, apart
from letting us temporarily put aside the turmoil of work and social interaction, the more
important thing is that the meaning of “home” gives us comfort.

This article takes a familymemorial house “QiyunResidence” as an example to intro-
duce the origin and execution of its design. From the overall plan to the detailed scrutiny,
it examines how it uses creative ingenuity to achieve “commemorative” purposes. This
design pattern can provide a reference for similar designs.

2 Framework and Design Mode of Family Memorial Hall

In addition to providing comfortable living space, “family residence” is also an important
carrier of feelings and memories among family members. Compared with the planning
and design of “functional” spaces, the design of “commemorative” spaces is more dif-
ficult. For individuals or families, the design of the memorial is still a relatively novel
topic. Different from the design of general family space, the planning and design of
commemorative houses not only need to consider the size and layout of the existing
living space but also need to think about how to create a suitable space to achieve the
purpose of “memorial”.

2.1 The Role and Significance of Family Memorial Hall

In the past, family memorial halls mainly appeared in the form of ancestral shrine, or the
ancestral home from childhood was used as a relatively fixed place of memorial. Many
people can still count the various things that lived in the ancestral house when they were
young. These “memory” and “recollection” are extremely beautiful.

Generally speaking, for families, the memorial space and field are represented by
“Ancestral Hall”. The patriarchal clan system and family system are the foundation
of old Chinese society, and the concept of a clan is deeply rooted in people’s minds.
Ancestral halls are used for many purposes. They are not only a place for “ancestor
worship”. Later generationswill also use the ancestral hall for activitieswhen they handle
weddings, funerals, birthdays, and ceremonies. Besides, family members sometimes use
the ancestral hall as a meeting place to discuss important affairs within the family.

With the development of society, especially in the process of urbanization, the way
of living has also changed. Not every family has the conditions to reserve a place dedi-
cated to ancestors, but the cherishment of “family affection” and the remembrance and
gratitude for the good “memories” of the past have always existed in life. Maybe people
don’t have so much space to build family ancestral halls, but the nostalgia for ancestors
and the interaction between family members have never stopped. For example, many
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people put photos of relatives in their wallets and carry them with them, or put family
and family photos at home.

As far as “Qiyun Residence” is concerned, all family members have comfortable
residences and can satisfy their daily needs. They also hope to have a relatively indepen-
dent and fixed space to recall their ancestors, gather family affection, and inherit family
traditions. “Qiyun Residence” came into being under this background.

2.2 The Family Memorial Hall Reflects the Changing Laws of Human Needs

The demand for family memorial halls may not be as large as that of general functional
spaces, focusing on people’s “spiritual level” needs. Modern design is committed to
solving the relationship between “people” and “product”, so that “product” can satisfy
“people’s needs” to the maximum [7]. According toMaslow’s hierarchy of needs theory,
“needs” belong to the lower level, satisfying physiological and physical needs, and are
instinctive responses. When the physiological needs are met, the pursuit is the desire of
the psychological level, that is, the stage of gradually rising from “needs” to “wants” and
even “desires”. This is also in line with the development law and direction of modern
design: (1) From Function to Feeling; (2) From Use to User; and (3) From High-tech to
High-touch.

In the past, economic development was not sufficiently developed, and the national
incomewas low. Due to conditions, many families often lived in a small house for several
generations. Although it is crowded and not convenient enough, having a place to live
is the greatest satisfaction. Even so, many families still maximize the use of space, even
if it’s just a corner, they still hang pictures of their ancestors and family members as a
memorial. It shows that people’s cherishment of family affection will not be reduced
due to insufficient material conditions, but rather spiritual sustenance.

With the development of society, people’s income continues to increase and the
quality of life has been greatly improved. Daily necessities have more than just practical
functions. The object-oriented design concept has gradually shifted to focus on con-
sumers’ “desires” and has become a human-centered design trend [3]. What consumers
are after is no longer just to satisfy their physiological needs, but to affirm themselves
at the spiritual level. Under such economic conditions, “wants” often exceeds “needs”,
which is also the trend of future design development. For designers, to understand the
difference between “needs” and “wants”, only when the design is “wants” or “needs”
can they be more favored by Qualia designs. The concept and starting point of “Qiyun
Residence” is from the level of spiritual needs and exerts its value.

2.3 Inspiration from “Sensitive Technology”, “Human-Centered Design”,
and “Cultural Creativity”

The design of the family memorial hall should take “memorial” as the main axis while
taking into account both use and experience. Therefore, after clarifying the design goals,
designers need to learn to make good use of technology to satisfy human nature and
use creative ingenuity and cultural creativity to shape the required design. Therefore,
it is necessary to clarify the relationship between “technology”, “humanity”, “cultural
creativity” and “design”.
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“Sensitive Technology” and “Human-Centered Design” Promote the Benign
and Sustainable Development of Modern Design
Since the 20th century, the evolution of modern design can be roughly divided into five
stages, from the original “Design for Function” to the current “Design for Feeling” [2], it
is also in line with Maslow’s hierarchy of needs theory. In recent years, industrial design
represented by smart products, holding high the banner of “function” and “technology”,
has indeed brought convenience to life. However, it also allows modern people’s lives to
be kidnapped by “technology” and affected by the ubiquitous “intelligence”. Although
the concept of “human-centered design” is gradually being valued, there is still a lot of
room for improvement, and there are many problems that need to be resolved urgently.

In the field of architecture and interior design, many houses use “technology” as
their selling point, connecting various electrical appliances and lighting equipment in
the home to the network system and integrating them into various ecosystems. Users
only need to use the App to control it at any time. From a technical perspective, there is
no difficulty, but is it really necessary? Let the air conditioner started working half an
hour in advance, so that users can immediately feel the coolness when they return home.
Although such “functional design” claims to be human-oriented, does it allow users to
be kidnapped by technology? Since work and social interaction have consumed a lot
of people’s energy, they actually hope that the “residence” can be simpler and not too
complicated, so that they can feel warm and caring. Therefore, it would be better if the
design can consider human nature and human feelings more!

The planning and design of “Qiyun Residence” basically followed the spatial pattern
of the original house, and did not make a very large renovation, but used movable
partitions such as movable partitions to activate the space. Since “Qiyun Residence”
focuses on commemoration, it does not introduce too many "technological" objects in
the design. Everything is presented merely, and leaving more space for users to feel
and experience themselves. This reflects: technology is the foundation of design; and
humanity is the beginning of design (Figs. 1 and 2).

Maslow’s 
Hierarchy of Needs The Demand Level of Industrial Design

Function Friendly Fun Unique Experience Cultural

Design for Function
20c30s

Design for User-friendly
20c50s

Design for Fun
20c70s
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2000-

Cultural Aesthetic Value
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Technology, the Foundation of Design

Humanity

Physiological 
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Belongingness 
& Love needs

Safety needs
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Self-actualization

Over Actualization
Aesthetic Experience

Fig. 1. Technology, the foundation of design [5].

“Cultural Creativity” Fully Realize the Cultural Connotation and Humanistic Feel-
ings of Modern Design
What cultural creativity needs to meet is the needs of the user’s psychological level, that
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Maslow’s 
Hierarchy of Needs The Demand Level of Industrial Design
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Fig. 2. Humanity, the beginning of design [5].

is, how the designer will give the user a product (design) through culture and creativity
to give them a spiritual touch. In recent years, the cultural and creative industry has
received much attention from many parties, to inherit and carry forward the inherent
culture. Under the thinking of cultural and creative industries and in the consumption
process of modern culture, products gradually focus on the development of spiritual
value and promote their development of artistic creation of fine culture [1]. Lin argues
that the core of the cultural and creative industry is “craftsmanship (culture)” forming
“business (industry)” through “creation (design)”. And “culture” is a type of life, it is
formed by the “life propositions” of a group of people, which nurtures a “taste of life”
and is recognized by more people to form a “style of life” [6].

What is the beauty of “crafts” when technology makes mass manufacturing com-
monplace? In the technological age, what is “beauty”? What “form” is the appropriate
technical aesthetics? This issue has been debated throughout the development of the
design history, but there is still no conclusion, only a relatively compromise solution.
Perhaps, a solution can be found from a “cultural” perspective.

Compared with Hi-tech’s 3C industry, Lin proposed that cultural creativity is Hi-
touch’s 4C industry (Fig. 3). The first “C” stands for “Cultural”, and cultural and creative
products are creations based on daily life’s culture; the second “C” refers to “Collective”,
and cultural and creative products are selected from cultural relics that can represent
cultural characteristics. Converting the daily necessities created; the third “C” means
“Cheerful”, cultural and creative products are pleasing to the eye and delightful; finally,
the fourth “C” refers to “Creative”, cultural and creative products integrate with the daily
life’s culture creative goods [5]. In short: culture is the root of design.

In the design of “Qiyun Residence”, the photo walls that can be seen everywhere,
as well as the photos of the ancestral house and the genealogical tree, all reflect its
“memorial” purpose. These photos not only record good memories of the past, but also
connect the bonds between family members. It is like the culture which playing the role
of inheritance and continuation. Therefore, culture is the root of the design.

Looking to the future, designers will play the roles of “interpreters of technology,
leaders of humanity, creators of sensibility, and creators of taste.” Specifically, the cre-
ators of taste are “Hi-touch” that touches consumption, cultural and creative products
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are “Hi-touch” that expresses humanity, industrial products are pursuing “Hi-tech” of
physical nature; cultural and creative products are “Hi-touch” that appeals to sensibility
the demand for industrial products is rational “Hi-tech”; cultural and creative products
focus on the story of life, and industrial products pursue the rationality of production.
Therefore, cultural and creative products often have a touching story behind them. These
stories can enrich the connotation of life, express the quality of “High-tech” through
cultural creativity, and appeal for “High-touch”. The taste of culture and aesthetics is a
perfect interpretation of the economy.

Maslow’s 
Hierarchy of Needs The Demand Level of Industrial Design

Function Friendly Fun Unique Experience Cultural

Culture, the Root of Design

Physiological 
needs

Belongingness 
& Love needs

Safety needs

Esteem needs

Self-actualization

Over Actualization
Aesthetic Experience

Creative

Cheerful

Collective

Cultural

Cultural and 
Creative Industry

Technology

Humanity

Fig. 3. Culture, the root of design [5].

3 Analysis of the Conception and Design Idea of “Qiyun Residence”

3.1 The Origin and Design Idea of “Qiyun Residence”

“Qiyun Residence” was established by Li’s descendants to commemorate the ancestral
house (Fig. 4). It was named “QiYun” to commemorate father Mr. Li Shiqi and mother
Ms. Lin Suyun. The idea of “Qiyun Residence” was inspired by Kuotuan and his wife
Yunching. After then, the five sisters named Chingmei, Shumei, Hsienmei, Lingmei,
and Chuanmei has formed a planning team and cooperated and communicated fully. At
the same time, an executive team composed of son-in-law Sitsung, Yungchen, Rungtai,
Hsiensheng, and Yingchieh, will display their expertise and show creativity. Thanks to
the concerted efforts, the Li family’s descendants were finally able to drink water and
think about the source, advocating the ancestral virtues, pursuing the ancestors carefully,
inheriting the ancestors, and carrying forward the family tradition. For many years, it has
always been thewish ofKuotuan andYunching to promote charity in the name of parents.
The completion of “Qiyun Residence” allowed them to fulfill their long-cherished wish
(Fig. 5).

Generally speaking, the design of the memorial hall is more than thinking about the
past, but lacking in modern style. It’s relative lacks “Design for User-Friendly”. The
design concept of “Qiyun Residence” can be summarized in the following 3 points:
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Fig. 4. The ancestral house of Li family which full of “memory” and “recollection”.

Fig. 5. “Qiyun residence” that continues “memory” and “recollection”.

(1) Convey Nostalgia, and Shape the Modern Elegance.
The design of “Qiyun Residence” adopts a modern and fashionable style, and in
terms of connotation, it makes people think about ancient feelings;

(2) Minimalist design and perfect function.
The “Qiyun Residence” shows the memorial hall. The minimalist design can also
be created, and it can be both functional and fashionable;

(3) Cultural creativity and national aesthetics.
The “Qiyun Residence” hopes to promote the task of local “cultural characteris-
tics” and “national aesthetics”, and achieve the goal of reproducing “Taiwanese
elegance”.

3.2 “Memory” and “Recollection” Trigger the Nostalgic Feeling of “Qiyun
Residence”

Different from mass-manufactured industrial products, the “temperature” of hand-made
products is unmatchedby technologyproducts. Suchproducts can even touch consumers’
hearts. Such products can also reflect certain living customs and traditional culture. In
addition to providing basic functions, it is also symbolic and storytelling. Similarly, the
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design of a commemorative space is more for remembrance and gratitude, and secondly
is to meet the needs of “function”.

In the process of urbanization, many old houses and ancestral homes have to face the
situation that they must be demolished, except for those recognized as national, county,
and city monuments and are better protected. For many people, perhaps the buildings
are not suitable for use due to their age, but every brick, tile, grass, and tree is full of
good memories of the past. Even if it is rebuilt in situ, it is completely referenced to the
structure and details of the original building, but there is always something less.

Fig. 6. The genealogical tree: a symbol of family prosperity and cohesion.

On the wall of “Qiyun Residence”, a large number of photos of family members
are displayed with concise and warm words. This all tells the thoughts of every family
member for the most affection. This is the best expression of the “sense of ritual”. The
genealogical tree is more symbolic of the bonds between family members (Fig. 6).

In the specific design process, based on past research, the designer summarized the
steps of cultural product design into the following four stages: (1) set a scenario, (2)
tell a story, (3) write a script, and (4) design a project [4], and used this idea in the
design of “Qiyun Residence”. Specifically, the positioning of “Qiyun Residence” is to
recall parents, gather relatives, and inherit family traditions. Therefore, all designs are
developed around the above positioning: for example, old photos tell stories of the past
and become an important element of decorating the space. Sorting out so many old
photos is a journey of nostalgia. To better highlight the meaning of the commemorative
space, the designer strives for simplicity in the choice of style and form, highlighting
the connotation of “Qiyun Residence” in the simplest form.
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3.3 “Style” and “Function” Reshape the Modern Elegance of “Qiyun Residence”

“Design” emphasizes making adequate planning and arrangements according to the
purpose. However, “design” itself is a process of constant change and diligence, and
nonsensical actions often bring unexpected “surprises”. In the process of conception,
design, and construction of “Qiyun Residence”, due to little poor communication, a
design style with “Mondrian” style as the main axis was formed, which became one of
the characteristics of “Qiyun Residence”.

“Qiyun Residence”, from the establishment of the overall style to the careful con-
sideration of details, allows the simple design to be creative, functional, and stylish at
the same time. The main functional zones of “Qiyun Residence” are roughly composed
of four parts: “The Meeting Room”, “The Reading Room”, “The Modern Leisure Space
(The Bar)”, and “The Family Activity Space and Information Room”. Table 1 shows the
style of “Qiyun Residence” and its positioning of different areas. The following selects
the different functional areas of “Qiyun Residence” to introduce its design concept and
creative ingenuity.

Table 1. The style of “Qiyun residence” and its positioning of different areas.

Area Functional Positioning Style

The Meeting Room A place for family mem-
bers to discuss matters.

The design style of “Qi-
yun Residence” follows a 
simple route.
Due to the designer’s per-
sonal preferences and the 
“small accidents” during 
the construction process, 
the “Mondrian” style was 
formed and became one of 
the characteristics.

The Reading Room
Collect the books, photos 
and videos of all family 
members.

The Modern Leisure 
Space (The Bar)

Leisure, communication, 
and relaxation.

The Family Activity 
Space and Information 

Room

Family activities or per-
sonal memorial space.

The Meeting Room
The meeting room has a large space and can be used for family gatherings or business
discussions (Fig. 7). Different from the general design, the meeting room has abandoned
the traditional screen and replaced it with a large TV and a large whiteboard. The
whiteboard also functions like a curtain. In addition to the long table in the middle of the
room, some corner tables can be lifted on the surrounding walls. Usually, the tabletop
can be pasted with action photos or decorated with paintings; when not in use, it can
be closed and will not occupy space (Fig. 8). On the wall on the side of the conference
room, the photos of the former residence and the genealogical tree are displayed. The
picture of the ancestral house is placed at the bottom, indicating that the ancestral house
was preceded by the current residence, which expresses the meaning of gratitude; and
then the genealogical tree is stacked in the ancestral house to express the inheritance and
convey the meaning of the family’s advancement.
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Fig. 7. The meeting room.

A small table that can b

Track Remov

be opened and fo

vable whiteboar

olded on the wal

rd

ll

Fig. 8. A removable whiteboard and wall tables that can be stored.

The Reading Room
The reading room can not only display photos and albums of family activities in different
periods, but also display various achievements of family members (Fig. 9). In this space,
family members can not only Memory the past and appreciate family affection, but
also look forward to the future and learn from each other. The design of the bookcase
divides the space with vertical and horizontal lines. The several constitutions of the
chain washing and the elegant tones can further highlight the symbolic significance of
the space as a collection of books. Part of the partition edges is decorated with bright
colors so that this quiet and leisure space will not appear too dull and monotonous.

The Modern Leisure Space (The Bar)
The design of the bar counter becomes an interface that combines both “thinking about
the nostalgia” and “fashion”, and it is also an interface for transforming public space
into a family activity space (Fig. 10). Unlike other functional areas, the bar counter
provides simple drinks and small points, allowing family members to communicate and
interact more easily, and the design style tends to be modern and lively. The original
design originally echoed the minimalist style of the whiteboard like the “meeting room”,
composed of simple square skateboards; during the construction process, a “Mondrian”
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Fig. 9. The reading room.

style was accidentally formed. Judging from the final effect, it has become one of the
characteristics of “Qiyun Residence”: simplicity without simple, and simple without
boring.

Fig. 10. The bar.

The Family Activity Space and Information Room
Family activity space can not only hold family gatherings, but also provide personal
meditation (Fig. 11). For this special space, the “movable door wall” is designed to block
out daily life spaces such as toilets and kitchens. Since the design of “Qiyun Residence”
has not made major changes to the original room type, the design of the “movable
door wall” not only meets the requirements of “function”, but also facilitates concrete
implementation. Similar to the design of “reading room”, “meeting room” and other
spaces, while continuing the simple and geometric “Mondrian” style, it also partially
decorates the walls with bright colors, making the entire space simple and lively. On
the wall, stories and photos among family members are displayed with different themes.
It is these precious “Memories” and “Recollections” that constitute the connotation
of “Qiyun Residence”. These details make “Qiyun Residence” unique to each family
member.

Living space is limited, but emotions are unlimited. In the family information room,
because the walls are limited, the performance of family members is unlimited. The
existing mounting plates are all symbolic and can be replaced at any time. With modern
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cloud technology, the data about each member of the family can be placed in the cloud
and can be viewed at any time.

Fig. 11. The family activity space and information room. (According to different themes, a large
number of photos of family members are displayed on the wall).

4 Summary

In recent years, public welfare issues have received increasing attention.Whether it is the
official policy orientation or the spontaneous behavior of the people, the development
of the society is more benign and warmer. In addition to commemorating parents and
inheriting family traditions, “Qiyun Residence” also hopes to become a “cultural educa-
tion center” in the future. It plans to provide various services including book lending and
holding public welfare lectures to promote local characteristics. And further, promote
Taiwanese culture.

The planning of “Qiyun Residence”, whether for daily use, further experience, or
even extended to serve the community, its “function” and “experience” are organically
combined with ease. “Qiyun Residence” provides a possible way for the planning of the
same type of familymemorial space. As long as the connotation is sufficient, the simplest
way, the purest form, no matter the size of the space, anyone can create a memorial field
belonging to their own family. It is true that “Qiyun Residence” has just been completed,
and many details will be continuously improved and supplemented during use. If the
space is not large enough, people can also choose a room or even a corner of the home
and remodel it slightly. The continuation of the tradition does not need to be too fancy
external. As long as we are a caring person and be grateful all the time, anything can
become more meaningful and warmer.

Currently, we are not short of useful “High-tech” designs, but we look forward to
more “High-touch” designs. For the owner, an object or a house, because of the “Mem-
ory” and the touching “Recollection” it carries, perhaps their functions are outdated or
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even the entity no longer exists, but they have irreplaceable value and meaning. For
everyone in the Li family, “Qiyun Residence” is unique, not only the “first one” but also
the “only one”. Although it is only for other people, because there is no common mem-
ory, recollection, and perception, “Qiyun Residence” may not be of reference value for
them. However, the design concepts contained in “Qiyun Residence” and the experience
accumulated in the implementation process can provide a certain reference for the same
type of design.

From the perspective of cultural creativity, the above design concepts are also one of
the cores needed for future design. The current design content is very extensive, ranging
from architecture to small daily necessities. Although there are many functions, it is
very complicated. While competing with powerful functions, whether it conforms to
humanity is often ignored. When the homogeneity of design becomes more and more
obvious, only designs that move people’s hearts and conform to humanity can win the
favor of consumers.
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Abstract. In recent years, preservations of Intangible Cultural Heritages (ICHs)
have become an important agenda for the relevant researchers, designers, and
technologists. Traditional archiving methods to protect and promote ICHs may
include the recognitions from governments or representative bodies and the tex-
tual or video documentaries. However, barriers between the general public and
ICH still exist and affect the accessibility of ICH at both conceptual and prac-
tical levels. In this case, an educational approach for disseminating ICH values
can be considered. Initiated with this thought, we set out to develop an educa-
tional project that embeds ICH knowledge in a gamified learning experience. The
project is framed as a service design practice to ensure an integrated consideration
of the involved stakeholders, including the collaborated local sector, designers,
educators, and target learners. The development process results in a game-based
education program that serve both the interests of the promoting bodies and the
intended audience. In the program, we incorporate three types of ICH originated
locally in Suzhou. This paper, therefore, presents the design rationale and develop-
ment process of this educational program, as well as the result of an initial test with
a group of participants. The participants’ feedback demonstrates the advantages
of SD approach in developing a user-centered and service-oriented public course.
Meanwhile, the playful elements put the included ICHs into their social context
and incentivized the participants in learning the related cultural knowledge.

Keywords: Service design · Cross-cultural education · Intangible Cultural
Heritage · Education for international understanding · Game-based learning

1 Introduction

Intangible Cultural Heritage (ICH) is an important asset of regional cultures.Many coun-
tries have established its own list of ICH under the definition and guidance provided by
UNESCO. Much effort has been put in extending the list with the research evidence on
the historical origin, development process, survival status, and inheritance. This might
somehow drive the work towards more to specializing ICH as a subject area that is only
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accessible to certain groups of cultural experts. China has also established a hierarchi-
cal list of ICHs according to their scales of impact. As of 2014, China has more than
3,145 national ICHs. In Jiangsu Province, for example, there are more than 4,500 ICHs
recognized at provincial, municipal and county levels. With such a vast and diverse set
of ICH resources, China’s ICH program presents tremendous opportunities, as well as
challenges. Suzhou, where our project was carried out, is a historical city in China. It
alone has thousands of multi-level ICHs manifesting the rich local cultures. To properly
protect and promote ICHs, local sectors and practitioners incorporated various meth-
ods, e.g., creating ICH websites, building ICH museums and heritage bases, generating
publications and documentaries, holding festivals, competitions, and exhibitions…etc.
However, issues still exist in the dissemination approaches, audience size, inheriting tal-
ents, and so on (Li 2019). ICH-related education plans have been in the discussion about
tackling those issues. Qiao (2018) put forward three major scenarios of current ICH edu-
cation in China, which includes combining university education and ICH for cultural
integration and practice, incorporating local communities for cultural popularization
and training, and infusing primary and secondary education with relevant cultural expe-
rience. Since 2009, Suzhou government has promoted and implemented curriculums
for international understanding in primary and secondary schools. Suzhou Education
Association of Exchange (SEAIE), the initiator of this project, has played a key role in
managing the exchanges between local and international education bodies, as well as
exploring education models for international understanding. SEAIE aims to create more
opportunities for local and international students to communicate and collaborate. It has
developed activities and programs connecting students of different nationalities. As the
business grows, it needs to integrate more local resources for developing educational
projects related to cross-cultural communication.

UNESCO (2003) emphasized that the sustainability of ICHs should consider their
identification, preservation, protection, promotion and transmission (particularly through
formal and non-formal education) so as to achieve their revitalization. Educational strate-
gies for inheriting and promoting ICH should be diversified, rather than focusing on
retaining their original inheriting models (Michela et al. 2014). In other words, ICH-
related education includes not only cultivating new talents in mastering ICH skills, but
also disseminating ICH-related knowledge to general public. A great example is the
I-Treasure project supported by the European Community (Cozzani et al. 2016). The
project has been initiated to build a platform that meets the demands of different types of
ICH learners. The general public can thus learn about typical ICHs through this platform.
The platform is well intended and packed with rich content. However, the platform could
be less attended by those who do not live in the specific cultural environment of certain
ICHs. The users may not earn a profound understanding to the values of the included
ICHs (Fairchid and Helaine 2009). This implies that the related cultural environments
could play a vital role in generating further interest in ICHknowledge and skills. Besides,
as globalization accelerates, it is increasingly obvious that countries need to balance the
promotion of their own culture with an international perspective to ensure the people
from aboard could appreciate local cultures in a more effective sense. UNESCO has
encouraged adapting a more international education approach to achieve the mutual
understanding and respect between different cultures, countries and peoples. However,
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current educational models are still in the need of a suitable environment for ICH to
become more accessible and even applicable in modern context (Peng et al. 2017). The
same notion has been taken into account in this project. We set out to develop an educa-
tional project that embeds ICH knowledge in a gamified learning experience. And it is
expected that this activity-driven and experiential learning approach can help reduce the
cultural barriers such as languages and backgrounds and engage the learners in a playful
way.

2 Design Process and Method

The projectwas developed in linewith SEAIE’smission in the education for international
understanding. To accommodate the shared interests among the involved stakeholders
such as the learners with different cultural profiles, we adopted Service Design (SD)
strategies to develop the project. It is also possible to explore the possibility of building
logic bridge to connect ICH historic contexts with modern life (Chen 2018). The follow-
ing sections will discuss how we carried out this public education project that embedded
ICHs in a gamified learning experience.

2.1 Exploring the Interests of Target Learners

The target audience was set by SEAIE as the students between the ages of 7 and 18 who
studied in the local and international schools in Suzhou. The first step of this SD project
was to elicit the potential learners’ needs and preferences. In the collaborationwith a local
international school, the project teammanaged to recruit a total of 65 students for a brief
survey on their experience about Suzhou’s culture and their interests in culturally-related
activities.

According to the students’ feedback, 83% of them reported having general ideas
on Suzhou’s culture (Fig. 1). 56% of them have attended some local culture-relevant
courses and activities (Fig. 2). They are aware of some classic and popular ICH projects
in Suzhou but do not have a deep understanding of them. Less than 40% of them gave
positive feedback to their previous experience on culture-related courses (Fig. 3). When
exploring further the factors affecting their responses to the previous experience, one can
see from Fig. 4 and 5 the importance of curriculum design, language barriers, and field
experience. Nonetheless, they showed the interest in a more interactive and challenging
experience such as games and puzzles (Fig. 6). We also interviewed teachers who had
delivered culture-related classes. They agreed with the potential flaws in traditional
culture courses. For example, students were hardly engaged with the teaching materials.
And it was difficult to promote active learning with the limited peer interactions in the
classes.

2.2 Constructing the User Journey Map

We adopt the concept of game-based learning in developing this educational project.
Deterding (2011) pointed out that game-based learning was to use gaming elements
in non-gaming environments, and this approach needed to consider the importance of
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83%

17%

Whether your own browsing experience can provide a general 
knowledge of Suzhou culture

Yes No

Fig. 1. More than half of the local and international students thought they have a rough
understanding on Suzhou and its culture based on their past experience

56%
44%

Have you experienced local culture related experience courses or 
activities in Suzhou?

Yes No

Fig. 2. More than half of the local and international students has been involved some local cultural
courses and activities in Suzhou

learners’ experience and perception during the entire process (Huotari andHamari 2012).
In the method of game-based learning, it will cultivate better learning attitude, increase
student motivation, and help achieve better learning outcomes (Kapp 2012; Perrotta
et al. 2013; Michelle et al. 2020). We deem the learning process as the user journey
in our proposed course. To satisfy the requirements of learnability and playability, the
project integrated the elements of role playing, puzzles, ICH knowledge, self-study, and
collaborative activities. The user journey is described as follows.

At the beginning, the participants are given a background story to read and assigned
with specific roles in the story. In each chapter of the story, an ICH concept with one
related cultural idea is introduced as the thematic elements. After the participants finish
reading the prepared story, they make their ways to that ICH’s local sites, which can be a
workshop, studio, exhibition venue, museum, traditional theater… to name but a few. At
the local site, they experience the ICH’s practice either by observing or following along
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The level of interest of the cultural experience activities 
participated in

very interesting interesting normal boring very boring

Fig. 3. The feedback of students on their previous culture experience
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Fig. 4. Reasons of students caused the activity unattractive

36%

5%

34%

23%

0%
5%

10%
15%
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40%

Course design Professionalism of
teachers

Own interest in the
local culture

Others

Reasons for finding the event interesting

Fig. 5. Reasons of students caused the activity attractive
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Willingness to learn more about Suzhou culture through interactive 
and experiential courses

Yes No

Fig. 6. Students’ willingness to attend interesting and interactive courses for Suzhou culture

the designed exercises. As the journey map (Fig. 7) shows, several touching points
have been set to enrich the users’ emotional experience. First of all, the participants
will receive the material package (the Game box), including a set of character cards.
The cards contain character images, which were newly-illustrated in this project, and
character descriptions. We intend to hand over tangible and accessible materials to the
participants and entice them at the very beginning. After receiving the package, they
compose and get into the characters along the storyline. Then, all participants need to
complete the study module, which may appear to be a daunting but necessary task to
some participants. Once they move to the following stages of the more dynamic ICH
experience and puzzle-solving activities, we expect that their emotional states can be
elevated with the increased levels of active participation and peer interaction.

2.3 Designing the Curriculum with Detailed Materials

The user journey map gave us a general framework for planning the learning progress
and trajectories in the proposed course. Based on the framework, we set out to develop
detailed elements in course, including character design, experience design (both ICH
experience and study module) and course material design.

Characters
In the part of storyline, we adapted a classic Chinese writing, Six Chapters of a Floating
Life, written by Fu Shen in Qing Dynasty. The new novel documents the life stories
among six characters, who lived in and around Suzhou. In addition to the dynamics
among the characters, the novel contains a rich description of the culture and lifestyle
of Suzhou. As shown in Table 1, there are 6 characters with illustrated personalities.
They may have different thoughts and opinions on the shared agendas. The participants
get a chance to consider the conflicts between the characters through the role-playing
activities.
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Fig. 7. Designed journey map with emotional points

ICH Experience
Both of the ICH experience and study module were designed along the plots of the
story. The aim of the study module is to establish a general understanding of the cul-
tural and social background of the included ICHs. Taking the Suzhou embroidery, a
recognized local ICH, as an example: It firstly tells the story about the origins of
Suzhou embroidery, as well as the comparison between the traditional and industri-
alized embroidery approaches. After that, the participants will do simple exercises to
practice Suzhou embroidery. When the participants visit the Suzhou embroidery base,
they are invited for a task to tell the difference between the embroidery products made
by the traditional techniques and those made by the machines. It is expecting that in this
way, the participants’ impression on Suzhou embroidery will be strengthened. Finally,
they need to solve the puzzle that gives away the password leading to the next activity.
The puzzle is related to the main cultural or social ideas presented in both the story and
the ICH experience. If the participants, who comewith diverse cultural backgrounds, can
solve the puzzle, it probably indicates the effectiveness of integrating ICH experience,
cultural appreciation, and international understanding within this activity (Table 2).
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Table 1. Characters designed in this project

Name Yue Shen Qian Chen Zhuo Shen Yun Tang Le Shen Yi Tang

Age 15–21 15–21 11–17 10–16 6–12 7–13

Personality Traditional
literati,
conservative
and stable,
not easy to
be changed,
self-restraint
and
restraint,
have a huge
sense of
mission to
maintain the
family

Traditional
women,
virtuous and
capable,
respect their
husbands,
love their
children,
depend on
them for
their lives,
and follow
the
traditional
rituals, thus
slightly
losing their
individuality

Intelligent
and
studious,
spontaneous,
curious
about new
things, but
still not easy
to give up
what is
there; gentle
and
affectionate,
kind but also
weak

Gentle and
intelligent,
with the
softness
and beauty
of a
traditional
woman,
loving life
and having
an interest
in life, but
also with a
lively and
cheerful
mind,
curious
about new
things

Lively and
naive, with a
certain
rebellious
spirit, the
pursuit of the
concept of
“gender
equality”, but
with the social
incompatibility
of the time, so
sharp
personality, it
is difficult to
be truly happy

Bold and
brash,
loves his
sister, is
charitable
and
chivalrous,
aspires to
a world
outside of
the
dynasty
and
aspires to
sail far
away

Group Traditional Middle Vanward

Course Materials
To ensure the curriculum conducted smoothly and playfully, the teaching materials have
been designed systematically. It contains two main parts, including the Game Box for
the students who will participate in this curriculum and Tip Cards for the ICH inheritors
and teachers that may host both ICH experience and studymodules (Fig. 8).With the Tip
Cards, the ICH inheritors and teachers could follow the guidance of curriculum designers
to finish the ICH experience and studymodules. In the Game Box, there are six character
envelops and five groups of props for sections, respectively. The contents of materials
in each character envelop are different with others, which are designed according to the
settings of each character. For example, when a participant chooses one character, his
character cards will only show his own story and ideas to help him understand himself
in the story (Fig. 9), but if he prefers to achieve more information about the entire story
and reasons on development, he need communicate and discuss with others. In this
way, the connection between the six participants in the roles of characters would be
strengthened. Meanwhile, the link between the participants and ICHs is also designed
in this Game Box. After participants finished reading stories, they would move to ICH
experience. In their envelops, some packages of ICH are introduced to them, such as
in the section of Chinese tea, there are multi materials are designed to tell the story of
Chinese tea (Fig. 10). With all these well-designed materials, the whole process of this
‘ICH education Game’ could be controlled by the course designers as much as possible,
while their efficiency still need testing in the future.
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Table 2. Storyline and main structure of the project
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Fig. 8. Images of tip cards (left) and the game box (right)

Fig. 9. Images of different character cards in the game box

Fig. 10. Images of Chinese tea package in the game box

3 Initial Test

To verify how the proposed course works in practice, we recruited a total of 12 partici-
pants for an initial test. There were 6 students from a local primary school and the other 6
students from an international school. They were led to complete the five chapters of the
story by acting the assigned characters. They had also gone through the tasks specified in
the study modules, the ICH experience, and the puzzles (Fig. 11). After experiencing the



126 Y. Xiang et al.

course, we ran an unstructured interview to gather their feedbacks. The result shows that
most of them are satisfied with the playfulness of the service. The emotional responses
also correspond well to what was articulated in the user journey map. For example, once
they got their own character cards, they were very keen to know their own personalities
and discuss actively with the others to understand their relationships. When they suc-
ceeded the task of finding the password of each section, their emotional state reached to
a high level. However, when the study module was deemed as too challenging or boring,
they also lost the concentration on the following parts.

Fig. 11. Images in the test period

On the other hand, most of the participants responded that they could understand the
cultural and social knowledge conveyed in the course. They were glad to share all the
learnt knowledge with their friends and relatives. For example, at the section of Chinese
tea culture, after they learnt about the history, tea making process, and the apprecia-
tion of Chinese and Western tea, they were excited with sharing with their parents and
friends about the tea sets and tea-making skills. Some of their parents gave spontaneous
feedback on seeing the children changing views on local ICHs, related Chinese culture,
and the possible connections with other countries’ cultures. This supports our initiative
of achieving international understanding and cross-cultural communication through a
gamified project.

In addition to the feedback from the participants, we were interested in the reactions
of ICH inheritors and teaching staff to the course. We ran a focus-group session with
these stakeholders. In the session, they commented on the complexity of this course and
the challenges of running it with limited manpower. The reason why this course appears
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to be engaging is the small set of participants. The trade-off was that the content and
message might not be disseminated to a larger number of audiences at the same time, as
the ICH workers suggested. Moreover, the quality of the course delivery relies heavily
on the host’s ICH experience, cultural literacy, and language proficiency.

4 Conclusion

Theproject is a novel attempt to combine ICHs, internationalized education, andgamified
learning experience into a cultural course. We have framed it as a Service Design project
and considered the target learners’ needs and preferences. Starting from constructing an
overall user journey, we established the key touching points and incorporated local ICH
sites in the proposed course. We then devised the corresponding role-playing activities,
ICH exercises, study modules, and puzzle games to engage the participants in various
ways. The result of the initial test reflects the advantages of SD approach in developing
a user-centered and service-oriented public course. Meanwhile, the playful elements put
the included ICHs into their social context and incentivized the participants in learning
the related cultural knowledge.

Although this ongoing project received positive feedback from the participants in
the initial test, we are aware of the rooms for improvement by scrutinizing the critiques.
For example, the ICH practitioners and the teachers involved in this project gave advice
on reducing the complexity and considering the flexibility in terms of human resources.
These suggestions will be taken on board in the future iterations of development. One
possible aspect of simplifying the participants’ task is re-design the studymodules,which
appeared to be less effective in engaging the participants. Other improvements could
include developing auxiliary programs to train seed teachers and building a rewarding
system to recognize the participation and achievement of learners.
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Abstract. The purpose of this study is that Shoushan stone, as one of the four
traditional ‘seal stones’ in China, has been named as the ‘National Stone’of China”
by the Chinese Association of Treasures and Jade Stones. With the depletion of
mineral resources, people’s requirements for Shoushan stone carving are becoming
more and more stringent, Shoushan stone with transparent texture, delicate moist
and brilliant color is no longer easy to get;while themajority of consumers still find
it difficult to accept a large number of so-called ‘inferior’ Shoushan stones, fine
and coarse, bright and dark, adulterated quartz, black spots, etc. but no one wants
to talk about them. The imminent problem of how to obtain creative resources
for a new generation of young artists who do not have good stone resources has
caught my attention. This study aims to create new forms of artistic expression by
carving or re-creating ‘inferior’ Shoushan stones and their carvings, to break the
stereotype of Shoushan stone art among consumers, to re-establish the beauty of
other forms of Shoushan stone, and to attract more people to understand and pay
attention to Shoushan stone art. The development and application of Shoushan
stone secondary stones are studied, and their development contents are analyzed
and discussed by applying theories of artistic innovation and design psychology,
so as to elaborate how to better utilize the ingenious carving of secondary stones
in Shoushan stone stones to enhance their artistic value.

Keywords: Shoushan stone · Sub-stone · Cultural creation · Art

1 Introduction

Shoushan stone is a precious stone unique to Fuzhou, with its crystal quality, moist,
colorful, natural color and distinctive color boundary, with the characteristics of rarity,
humanity and appreciation, loved by people at home and abroad, mainly located in the
northern suburbs of Fuzhou City, Jinan District and Lianjiang County, Luoyuan County,
the junction of the ‘Golden Triangle’ area. Shoushan stone, as one of the ‘Four Great
Seal Stones’ of China, has been named the ‘National Stone of China’by the China
National Treasure and Jade Stone Association. As the mineral resources of Shoushan
stone continue to be depleted, the requirements for Shoushan stone carvings have become
more and more stringent. Shoushan stone with transparent texture, warm and delicate,
rich and colorful is not easy to get. The average consumer still likes good Shoushan stone,
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P.-L. P. Rau (Ed.): HCII 2021, LNCS 12773, pp. 129–138, 2021.
https://doi.org/10.1007/978-3-030-77080-8_12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77080-8_12&domain=pdf
http://orcid.org/0000-0001-9959-2963
https://doi.org/10.1007/978-3-030-77080-8_12


130 X. Xu

and no one is interested in the so-called ‘inferior’ Shoushan stone, which has a large
number of fine and coarse, bright and dark, mixed with quartz and black dots. Because
of the driving factors of the market environment, the problem of resource conservation
of Shoushan stone needs to be solved urgently. In Shoushan stone carving, materials
are becoming more and more scarce at this time how to use a grain of gold sand, a
little black point, a piece of quartz, a crack, to create the beauty of ingenuity; how to
apply the natural beauty of Shoushan stone, to create the beauty of art; how to carry
out the so-called ‘inferior’ Shoushan stone creation, is now the problem to be studied is
also extremely It is also of great practical significance. In recent years, we have found
that many young artists use a lot of stones that are not considered by others in their
creations, and these unpromising stones have shown different artistic effects through
their secondary creations. Their secondary creation of Shoushan stone corners is, first of
all, a kind of reuse and resource-saving artistic behavior, which is a kind of protection
and an appeal for the depleting Shoushan stone resources; secondly, for the corners or
‘second-rate’ stones, their own relatively low price advantage creates the possibility of
its creation, which is not bound to It is not bound to the careful creation of ‘good’stones,
but has a huge space for artistic expression.

One is that the material is large, suitable for carving some large works, and then he
can take it or leave it, so he can play freely. According to the distribution of color and
then according to the artist’s ideas to take the trick how to take, three is cheap, especially
for the young generation of artists to create the cost of how much is very critical. Then
there is the ‘second stone’, which gives a sense of simplicity and authenticity, a sense
of authenticity that will bring out our innermost and most realistic feelings in a very
straightforward way. In the process of carving, a lot of scratches, chisel marks and saw
marks of the carving knife are preserved on the stone. This way of creation is more
expressive than the traditional way. In my opinion, the material of stone is defined by
people and the market, they are all given by nature. Can the artistic value be proportional
to the value of the material? [1] This is also worthy of our deep thinking.

Due to the driving factors of the market environment, the problem about the resource
conservation of Shoushan stone needs to be solved urgently. In this study,we plan to reuse
and recreate the “second-rate” Shoushan stone or the corners of Shoushan stone carved
with Shoushan stone, to make the corners of Shoushan stone present unique artistic
value again by using clever carving techniques, to create new artistic expressions, to
break the stereotypes of consumers about Shoushan stone art, and to re-establish the art
of Shoushan stone in other forms. We try to explore whether the material value is higher
than the artistic creation value.

The production of Shoushan stone is documented in the ‘Stone Observation Book’:
‘The stone has complexes, water marks, and sand partitions, so the stone is solved by first
looking at its reasoning, and then measuring its complexes, so avoiding water marks and
chiseling sand partitions to solve it [2].’ This focus has influenced the Shoushan stone
industry for more than 300 years, but in today’s lack of Shoushan stone resources, we
should not still follow the wind, we should think about it, get a stone or “chisel sand
partition to solve it”? What is more important is how to apply the art to the material.

The stone has a mind, but it can not express, and as the highest living creature, it is
we put on a certain dress, put on a certain action, add a certain expression, give a certain
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thought, at this time, you are talking with the stone, spiritual communication, maybe
you have a heart, love, to convey what the stone wants to say; maybe you misunderstood
the stone’s original intention. We all try to imitate nature and express nature, but often
it is counterproductive and destroys nature, so it is not real.

Shoushan stone is rich in color, fine texture, has a high aesthetic value, can not be
painted with artificial colors when processing, but will destroy the natural beauty of
Shoushan stone, as Han Fei said in “Han Fei Zi - solve the old”: “and the jade, not
decorated with five colors, Sui Hou’s pearl, not decorated with silver and yellow, its
quality to the beauty, things are not enough to decorate.” Therefore, in the creation
process of Shoushan stone carving, the natural color and luster are retained, and the
beauty is expressed more naturally.

EumieMourne is an artistic masterpiece by French sculptor Auguste Rodin that fully
reflects Rodin’s thoughts and artistic characteristics. Rodin shaped this figure sitting on
bended knees with a bowed head and dried and sagging breasts, seemingly immersed in
the memory of past events, while mourning for the present aging and dying [4]. When
some people saw it, they covered their faces and walked away because of the unpleasant
sight. When Rodin learned of this, he explained his opinion about beauty and ugliness:
“Ordinary people always think that whatever is considered ugly in reality is not material
for art - they want to forbid us from expressing what offends them by making them
feel displeased and disgusted in nature. This is their great mistake. What is generally
considered ‘ugly’ in nature, can become very beautiful in art……” Rodin believes that
in art, as long as it is true and has personality, it is beautiful; only what is false or
impersonal is in art The ugliness of art. He believed that for the artist, ‘everything is
beautiful - because he is constantly walking within the light of the real [5].’

In the creation of Shoushan stone carving, most people think that ‘top quality’ can
create goodworks,while ‘secondquality’cannot create goodworks, or affect the creation.
In fact, if a good stone is good, if it is placed in the hands of a short-sighted ‘craftsman’
who only knows how to imitate, it will destroy the dual beauty of nature and art; the so-
called ‘ugly’stone, dressed up with the word skillful The so-called ‘ugly’stone, dressed
up with the word ‘ingenuity’ to give it ideas, to evoke dialogue between people’s hearts,
to create a good product, that is not more beautiful, more ingenious?

2 Research on the Creation of Substandard Stones

With the lack of mineral resources of Shoushan stone, in recent years I have used a lot of
these stones that others do not see in my creations, and these stones that are not looked
at, there are articles to do, I have the following experience of the use of Shoushan stone
‘secondary stone’. First, the richness of color, texture is particularly ‘secondary stone’ a
major feature, is impossible to imitate artificial. Life is colorful, art is diversified, using
colorful Shoushan stone to express the natural things, is not more accurate, more in line
with nature, more close to life, to create endless passion and imagination space. Second,
the material is large. When creating a piece of Tianhuang stone, you will not dare to
make a knife on the left and a knife on the right, and you will be limited to use thin art
and high relief carving techniques when creating a good stone. “creation, you can play
freely. Thirdly, there are many varieties and different shapes. When creating, there are
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endless subjects to carve, and unexpected effects, and you can find the best way to create
according to different shapes, without receiving the influence of material price, and can
better express the creator’s intention [3]. Figure 1 shows the incense holder created by
using ‘second-rate stones’.

Fig. 1. Wire incense holder made of sub-stone

There is a type of Shoushan stone that people call ‘sipingshi’, but ‘sipingshi’ is not
the name of the stone produced in the veins, but refers to the ancient Shoushan stone
blocks and their carvings buried in the soil of theGuangYingYuan site outside Shoushan
Village. The carvings, which were obtained by excavation, were quite rare. At that time,
ancient monks collected Shoushan stones in large quantities and had a rich collection of
stones, and had workshops and warehouses to supervise the production of tribute stones.
It was destroyed by fire during theNorthern Song and Jin dynasties (1125–1140), leaving
a large amount of remnants of Shoushan stone mining application for about 250 years.
After the temple was abolished, the stone was buried in the soil after fire moxibustion,
and after nearly a thousand years of soil and moisture erosion, the fire and soil erosion
of the temple ping stone showed a variety of unique percolation, ancient meaning, in the
simple and introverted history of the paste embodies the jade Zhen gold sound of the
old gas, its aura stone rhyme is not new stone comparable. Most of the existing Terrapin
stones retain the broken marks left by the stone removal, and do not have a fixed form
and texture, one stone, one product, which cannot be duplicated, but people who have
seen Terrapin stones are enchanted by its appearance as ancient jade, so it is highly
treasured. This is what the ancients gave us these signs of character, and then this type of
stone has its own different artistic language, although the material value of such a stone
is not very high but history gives it a higher human value. In the creation of ‘sipingshi’,
it is mostly combined with Zen and Buddhist themes. Because it is excavated in the
temple itself, and after the experience of fire in the process of expression can use the
Buddha’s residual beauty to composition, this theme is to use the history of culture little
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by little, most of the ancient people to retain the traces of this, and then add some of
their own ideas, according to these cuts and chisel marks to carve, history and art is the
interpretation of this stone is a more perfect summary. The subject matter of Fig. 2 is
based on the cultural meaning of “sipingshi”.

Fig. 2. Fragmented statue of Buddha created with “sipingshi

3 Exploration of the Peripheral Use of Substandard Stones

The secondary creation of Shoushan stone corners is, first of all, a kind of art behavior of
reusing and saving resources, which is a kind of protection and an appeal to the depleting
Shoushan stone resources; secondly, for the corners or “secondary products”, its own
advantage of relatively low price makes it possible to be created, and it is not bound
to the careful creation of ‘superior’ stones, but its artistic expression can have a huge
space to play, and create civilian artworks and daily necessities that are different from
traditional Shoushan stone carvings. From the edge itself, it can create some works that
are different from the mainstream form of traditional Shoushan stone carving, because
of its smaller size, it can be made into earrings, pendants, keychains and other common
decorative artworks, making the art of Shoushan stone no longer limited to the form of
precious ornaments, and attracting more exposure and attention with its delicate form.
From the aspect of artistic integration to creative research, the expression of Shoushan
stone has many possibilities.

3.1 Combination of Stone with Lacquer Art and Painting

Shoushan stone and lacquerware are one of the three treasures of Fuzhou, and the fusion
of the two is an innovation that few people have thought of and created. If the two
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can be skillfully combined, the art of Shoushan stone can be brought to its fullest. The
combination of Shoushan stone and painting, with the natural stone pattern of Shoushan
stone, and a little carving and modification, can create a flat painting with a body and
texture. The following work is a combination of Shoushan stone and natural lacquer
that I have done together with my friend to make a tea tray that we use for our daily tea
drinking, inlaying the stone in the lacquer tire. The combination of lacquer and stone
gives a sense of simplicity, and the combination of lacquer and stone gives a feeling
of simplicity, and the use of different textures gives a sense of the vicissitudes. It can
convey the sense of history falling off. For example, the tea plate made in Fig. 3 and the
stone painting made in Fig. 4.

Fig. 3. A tea tray combining stone and lacquer art

Fig. 4. Stone painting

3.2 Stone and Wood

Through the years and the environment of the wood, more or less will have cracks
produced, the common way to deal with that is to use the wood carved into a butterfly
tenon embedded in the wood to prevent it from continuing to crack, Shoushan stone
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as a stone can be processed again, as a material to fix the cracks in the big board is
also suitable, the combination of stone and wood, is also an innovative form. Use some
natural some mechanism of rotten wood to design inlaid some Shoushan stone, after
polishing to present a different feeling, the different colors of the stone and the unique
visual effect of the collision of wood grain. For example, the table and the tea pot made
in Fig. 5. These are all artworks created by using the combination of wood and stone,
such works give people a sense of mood and antiquity (Fig. 6).

Fig. 5. Stone and wood collection of tables and tea pots

Fig. 6. A tea tray made of stone and wood

3.3 Stone and Life

With people’s demand for quality of life, the element of Shoushan stone is added to
people’s daily necessities, and the combination of material and material is used to create
products that can be used in daily necessities. Shoushan stone can also be combined
with metal to make jewelry, the hardness of Shoushan stone is easy to scratch and the
combination of metal can play a protective role and can also have a very good visual
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effect such as earrings, rings, necklaces, pendants and other peripheral products. Such
as Fig. 3, 4 and 5 is the creator using the edges of the production of necklaces pendants,
etc., due to the unique material of Shoushan stone now has its own unique flavor in
contrast with other jewelry. Figures 7 and 8 are created by the creators according to the
daily life of some flat.

Fig. 7. Necklace and pendant made of Shoushan stone

Fig. 8. Vase made of Shoushan stone

This study also plans to open special Shoushan stone lectures and courses for the
general consumer group, to popularize the knowledge of Shoushan stone as a national
stone formore people, and through the form of creativeworkshops, through hand-crafted
creation, more people can participate in the artistic creation of Shoushan stone, so that
Shoushan stone culture becomes an affordable artwork for the general public. In the
application of Shoushan stone ‘inferior’to create cultural and creative peripheral, one
is the economic reasons, it does not allow us to buy good stone to create; and another
is that I studied art, personal aesthetic value orientation is different. Therefore, I like
to create with ‘good products’, and I am more obsessed with creating spiritual works
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with ‘inferior products’. For example, Fig. 9 shows tableware decorations made from
ceramics in daily life.

Fig. 9. Tableware decoration made of Shoushan stone combined with ceramics.

3.4 “Sub-stone” Theme Creation

When my friend and I were creating the ‘Wu Band When the Wind’series, we were
inspired by the ‘Eighty-seven Immortal Scrolls’ painted by Wu Daozi, and we felt very
shocked when we saw this painting. There is a kind of through the ancient and even
the modern, very ancient taste, mystery, presentation is very strong, the performance of
the figure I selectively carved ten characters as a representative, carved with the main
character: the South PoleHeavenlyMonarch, and each holding different offerings of jade
maiden, the scene is grand, the characters have different forms, the background choose
to connect with tiles, line carved with cloud patterns, and the front of the characters
to form a unified, and later directly simplified, not carved character features, clothing
pattern refinement, but have different manners to present. Instead, there are different
manners presented, between seeming and unlikely. For example, Fig. 10.

Fig. 10. Ancient Chinese figures carved in Shoushan stone
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4 Summary

In the era of aesthetic interests continue to improve and personal space of personal lan-
guage is changing, in Shoushan stone carving most people are relying on the material,
texture of the stone to create, try to ask whether the value of the material is higher than
the value of artistic creation, or the value of artistic creation is higher than the value
of the stone itself, this is a problem worthy of our consideration. The research study
creators in the creation process to be combined with the consumer demand, the use
of consumer demand such as a literary elegant appreciation, tea ware, incense ware,
character ornaments, situational devices, to create different personalities for the user life
aesthetic, highlighting the dominant thinking of people in the context, but also highlight
the stone in the context of the thinking brought to people, but also to be able to attract
the attention of consumers and like. The sense of interest and fun expressed in it is the
re-expression of the sense of life, the understanding of the communication, the general-
ization of people, things and things in life [6], only through human interaction, contact,
feeling each other’s growth experience, joy, anger, sadness and happiness, through the
communication of the heart of the natural creatures, feeling the ubiquity of life, and
finally in the creation of skilled technical language, artistic language, to convey In the
end, we will use our skillful technical language and artistic language to convey what we
want to express deep in our hearts in order to create a work that can resonate with the
audience.
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Abstract. Based on a rapid ethnographic investigation on a historical site in
China, this study aims to formalize a storytelling design framework towards
enhancing the authenticity of local tourist experience. Specifically, semi-structured
interviews were conducted with residents, tourists, and tour guides. Participatory
observation was adopted to understand storytelling behaviors. I analyzed the field
data through affinity diagram in two rounds. The first round of analysis was guided
by the theoretical lens of Staged Authenticity, bringing the emergence of the core
category—the gap towards achieving the authenticity of local tourist experience.
This gap is specified as six barriers: social exclusion; mental and physical cost;
artificiality; cost-effectiveness; storytelling triggering; and local expertise diffu-
sion. The second round of analysis was guided by the Storytelling Design Frame-
work, resulting in an in-depth comparison of storytelling practices contributed by
residents and tour guides. Based on these findings, I formulated the storytelling
design framework for the authenticity of local tourist experience and prototyped
an audio guide application to illustrate one potential use of the framework. This
study enriches understandings of local tourist experience and provide groundings
for design applications in tourism.

Keywords: Authenticity · Storytelling · Tourist experience · Local experience ·
Rapid Ethnography · Audio guide application

1 Introduction

The concept of authenticity—the sense of being true, real, and unique—has been widely
discussed since its initial introduction to tourism research [1, 2]. Among these discus-
sions, the actualization of authentic tourist experience drew considerable attention [3–5].
The perception of local experience, which refers to the experience of immersing in local
culture and environments, is suggested to be an essential aspect for achieving authentic
tourist experience. This is expressed by the stated desire for tourists to engage more
intensively with the residents of tourist destinations [6], to involve more meaningful
interactions with the local culture [7], and to gain more intimate sharing of personal
tales than a standard telling of tourism facts [8].
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Storytelling involves the interpretation of folklore, legend, and social event. It is a
potential medium to enhance the authenticity of local tourist experience. Several studies
suggested the positive effect of storytelling on tourists’ perception of locality, followed
by an emerging strand of HCI studies to explore potential utilizations of digital sto-
rytelling in tourism and cultural heritage contexts [9–13]. For instance, Burova et al.
[10] proposed a storytelling-based application to facilitate tourists’ engagement with
cultural exploration at the airport. They further evaluated that interactive storytelling is
an effective method in persuading tourists to explore local products at the airport and
thus promote tourists to explore local culture.

Despite fragmented solutions have been proposed to enhance local tourist experi-
ence, a fundamental framework to guide storytelling design towards the authenticity of
local experience is scant. To address this issue, I conducted a field study to approach
the first research objective—develop a contextualized understanding of culture-oriented
tourism with a specific focus on residents’ interpretation of locality and tourists’ percep-
tion of authentic tourist experience. Based on these findings, a secondary objective is to
formalize a design framework towards enhancing the authenticity of local tourist expe-
rience. This study adds to a contextualized understanding of culture-oriented tourism
practices. The formulated design framework provides groundings for HCI researchers
to develop solutions to better engage tourists in tourist destination and cultural heritage.
The framework has implications for design practices toward enhancing the authenticity
of local experience.

This paper is structured as follows. In Sect. 2, I frame the theoretical basis of Staged
Authenticity and Storytelling Design Framework. Section 3 elaborates on the research
methods and the process of data analysis. In Sect. 4, I report on the identified themes
and barriers in current tourism practices. In Sect. 5, I formulate the design framework
for the authenticity of local tourist experience, introduce its building blocks, and unfold
rationales for deriving the framework. A potential utilization of the framework is demon-
strated in Sect. 6 through an audio guide application. In Sect. 7, I situate this study in
the field of HCI and tourism research to suggest implications, limitations, and avenues
for future research.

2 Theoretical Framework

2.1 Authenticity of Local Tourist Experience

Authenticity is a widely discussed and debated concept in tourism research. Scholars
discuss authenticity within typologies of objectivism, constructivism, and existentialism
[4, 14–16], leaving a clear and unified definition controversial. The concept of authen-
ticity I adopted in this study is from Sharpley [17], who defines authenticity in tourism
context as traditional culture and its origin, in the sense of being true, real, and unique.
Authenticity of local tourist experience has beenwidely discussed and empirically inves-
tigated since the concept of authenticity being introduced to tourism studies [1]. Evi-
dence supports that the perception of local experience—the experience of immersing
in local culture and environments—is an essential aspect for achieving authentic tourist
experience. Specifically, researchers advocate that tourists are increasingly demanding
authentic, experientially oriented opportunities involving more meaningful interactions
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with locals [3, 5, 18]. Arsenault and Trace [6] observed that tourists increasingly desire to
engage more intensively with the residents. Paulauskaite et al. [7] explored the perceived
authenticity of local experience on online accommodation rental platformAirbnb, inves-
tigating what influences customers to select Airbnb accommodations through qualitative
interviews. The empirical findings indicated that interactions with hosts and with local
culture were important to Airbnb users.

Tourists’ anticipation for the authenticity of local experience can be theoretically
sketched by Staged Authenticity—a well-acknowledged and disseminated theory to
explain tourist attraction and tourist motivation [1, 2, 19]. MacCannell [1] introduced
sociologist Erving Goffman’s “dramaturgical perspective” to study tourism activities.
According to Goffman [20], the social structure is assimilated to a large stage with the
division of “The Front” and the “The Back”. “The Front” refers to the place where
performing actors, guests, and service staffs interact with each other. The actions for
strangers or casual acquaintances are called frontstage behavior. “The Back” is the
closed place for the performance of the frontstage, it can be described as a place with
a close connection with truth, intimacy, and authenticity. MacCannell [1] suggested
that in tourism development, local hosts present their culture (including themselves) as
a commodity to tourists. This leads to the “staging” of the authenticity of the host’s
social life, which is a common phenomenon in modern tourism experiences. Deepak
[21] further elaborated the positive effect of Stage Authenticity on ethno-tourism, that
is, ethno-tourism with Stage Authenticity as its core will, to some extent, strengthen the
authenticity of local culture and contribute to the reconstruction of traditional culture
and ethnologic identity.

The present study adopts StagedAuthenticity as a theoretical perspective to guide our
empirical investigation for its revealed explanatory power on our research scope—HCI
practices for enhancing local culture-oriented tourist experience. I take the example of
Airbnb to illustrate the relevance between Staged Authenticity and HCI practices. The
partial success of Airbnb owed to its strategy to enable interactions between tourist
and house-owner towards co-creating culturally immersive tourism experience [7]. HCI
practices involved in Airbnb, like mobile applications and online service platforms, play
a key role in mediating Staged Authenticity between house-owner and accommodating
tourists. For example, a house-owner may commercialize the local culture as room
decorations and local stories being upload to the Airbnb platform. The tourists may
order on the platform and share the uploaded stories, making the digital platform a
mediator to satisfy Staged Authenticity.

2.2 Storytelling

Stories can be of many forms such as folklore, legend, and social event. Storytelling
as a means of social interaction is a way to create and sustain human connections and
relationships [22]. Scholars have brought the concept of storytelling to the discussion of
tourist experience, and the positive effect of storytelling for enhancing touristic expe-
rience and local culture exploration has been implied. HCI research, adopting digital
storytelling techniques on mobile devices to guide visitors to a historical site enhanced
the identity of the destination through affecting tourists emotionally and increasing the
receptiveness and precision of conveyed information [9]. Burova et al. [10] conducted



142 W. Zhang

a field evaluation of an airport application to demonstrate that interactive storytelling is
an effective method in persuading travelers to explore local products at the airport and
thus promote tourists’ exploration of local culture.

Digital Storytelling revolves around the idea of combining storytelling with a vari-
ety of digital multimedia, such as images, audio, and video [23]. Many forms of digi-
tal storytelling were initiated and tested on digital devices, ranging from the develop-
ment of audio-based [24], photo-based [25], location-based [26], to analog-based [27]
storytelling prototypes.

Researchers have also introduced digital storytelling to tourist destination and cul-
tural heritage contexts. For instance, Chowdhury [11] presented Pintail—a mobile com-
panion application for guided storytelling in travel contexts. It prompts the user to create,
remix, and reflect on their own travel stories. Specifically, Pintail synthesizes contextual
story prompts from online travel reviews and doodle-books to inspire story creation.
These prompts can guide users to create atomic travel stories. Created stories are then
printed on paper and become analog story-artifacts or conversation-starters. Lombardo
and Damiano [9] presented and evaluated a storytelling-based application on mobile
devices for an anthropomorphic guide to a historical site. They addressed the story-
telling paradigm in a mobile context in the way of third-person “performed narration”
of a single character in an augmented reality scenario.

However, several limitations of digital storytelling solutions in tourism might be
sketched. First, existing solutions largely engage machine-generated stories, leaving
human touch and personality largely uncharted attributes. Second, existing narratives
tend to strip context-dependency, leaving a culturally immersive tourist experience
uneasy to be satisfied. Third, existing applications largely require a lot of time and efforts
to create the narrative, which is contradicted to tourists’ anticipation for non-invasive,
easy to access interactions in tourism contexts. The transmissibility and replicability of
the stories are limited as well.

To examine how digital storytelling could better enhance tourist experience, I seek a
guiding framework to understand the form, media, and structure of storytelling. This is
approached by adopting the coding scheme of Storytelling Design Framework [22] as a
guiding scheme of coding. The authors thematically coded the interview data on older
adults to identify seven considering factors in the design of systems using storytelling
as a motivational framework [22]. These factors are illustrated in Table 1.

Table 1. Storytelling design framework proposed by Chu et al. [22].

Factor Definition

Audience The explicit or implicit audience for the act of storytelling

Content Storytelling requires that content is produced, whether it is based on a true story or it is a fictional one

Process The process of telling a story involves a myriad of processes from the retrieval of details, structuring, summarization, mental
organization and tracking, that are typically done automatically or unconsciously

Context The social and physical environment for the storytelling process

Medium The medium through which storytelling happens. Media used (e.g., phone, email) are solely for communication and storytelling

Trigger This aspect relates to how storytelling is catalyzed

Intention The purpose behind storytelling
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3 Methods

3.1 Data Collection

I adopted qualitative methods to examine the perceived authenticity of local tourist expe-
rience by exploring the meaning and interpretations of individuals in real-world con-
texts [28]. Rapid Ethnography is a collection of ethnographic data elicitation methods
intended to provide a reasonable understanding of users and their activities given signifi-
cant time pressures and limited time in the field [29]. I employ this strategy to understand
context-dependent tourist experiences and develop storytelling design prototypes for its
time-efficiency and gained popularity in HCI research.

The empirical investigation was situated in Confucian Temple, a historical tourist
attraction located in Nanjing, China. In December 2019, I conducted a one-day par-
ticipant observation on-site, specifically focusing on real-world tour guide application
usage behavior of varied users. I collected pictorial and documentary data on existing
audio guide applications on-site and online. After that, I recruited 10 participants for
interviews. These participants are referred to as P1 to P10, numbered by their date being
interviewed. I conducted semi-structured interviews with 4 local residents (P1, P2, P3,
P4) on-site, 4 tourists with enriched interest and experience in local tourist exploration
online (P5, P6, P7, P8), and 2 full-time or part-time tour guides online (P9, P10). The
duration of interviews ranged from 30–60 min. Virtually all interviews were audio-
recorded with obtained informed consent, except for one local resident declined to be
taped. In the latter case, the interviewer took lengthy written notes on-site. Interview
questions are roughly divided into two parts. The first part aims to elicit interviewees’
perception and interpretation of local events, stories, and tourist experiences. The sec-
ond part deals with storytelling, aiming to understand the form, structure, and content
of digital storytelling in tourism practices.

3.2 Data Analysis

I followed a two-step data analysis process to extract data on (1) perceptions and inter-
pretations of authenticity towards local tourist experience and (2) storytelling practices
in tourism context. In the first round of analysis, data were examined and extracted
through the theoretical lens of Staged Authenticity [30], resulting in enriched quotes
and narratives expressing the interpretation of authentic and local experience. In the
second round of analysis, data were thematically coded based on Storytelling Design
Framework [22]. The framework guided the researcher to elicit data in mapping sto-
rytelling practices. Affinity diagram—a tool that gathers large amounts of language
data (ideas, opinions, issues) and organizes them into groupings based on their natural
relationships—went hand in hand with the two-step data analysis process [31].

4 Results

As a result, three higher-order themes emerged from the first round of coding. We bound
up with three essential terms adopted by the theory of Staged Authenticity—frontstage,
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backstage, and staged authenticity—to interpret the meaning of each identified theme
(Fig. 1). Besides, a comparison between storytelling practices contributed by local resi-
dents and by tour guides were deduced from the second round of coding. The result is
shown in Table 2.

Fig. 1. Themes emerged from the first round of analysis.

4.1 Frontstage: Barriers for Local Engagement

“The Front” refers to the place where actors, guests, and service staff interact with
each other [20]. Pertaining to tourists’ perception and interpretation of the frontstage in
tourism, both locals and tourists cited the damage of commercialization to the authen-
ticity of local culture-based tourist experience. Their perception of the damage can be
described as the uniqueness of tourist experience and the fake local feature. To illustrate,
P5 mentioned that “[I went to Slovenia] because so many domestic attractions have
been commercialized. In fact, what you see is not the same as the original one anymore,
even the locals themselves won’t go there.” P2 felt that “nowadays tourism attractions
are almost the same, there are basically no cultural features, or to say the commercial
[atmosphere] is too strong”.

Despite existing tourist attractions did not fully support tourists’ perception of local-
ity, almost all interviewed tourists expressed their interest to explore the backstage of
local attractions, labeled as “seeking local engagement” in present study. Seeking local
engagement refers to the tourist is motivated to immerse, feel, and interact with local
people, objects, events, and environments. As P5 put it, “I don’t really enjoy planned
tours. Sometimes, I actively search for local destinations on [a social media] to see where
locals prefer to go.” As is reported, P5 anticipated to experience local life, she thus went
to a local restaurant (environment), having dinner inside the restaurant (events), and
observed local people while gossiping (people). She felt she “indirectly involved in
[local] activities (P5)”, which is deemed as essential for her to “experience the organic
life atmosphere that cannot be felt anywhere else (P5).”

However, several barrierswere identified for tourists to seek local engagement. These
barriers were categorized as F1. social exclusion, F2. mental and physical cost, and F3.
artificiality. As P6 indicated, she “felt embarrassed to talk with local people” and “don’t
know where to start and end.” She also felt “inappropriate and being excluded by local
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environments (P6).” The description expressed the feeling of social exclusion in local
environments. P5 and P8 described their endeavor to search for, ask for, and go to places
where local people prefer. They swift between multiple platforms to compare different
places to plan the tour, indicating an increased mental and physical cost compared with
a packaged tour. P10 exemplified the barriers to local engagement through audio guide
applications in many tourist attractions. She put that “audio guide is a good way for
strangers to experience the history of local attractions, but its narrative is very objective
and it is not touching for me. It’s more like a machine talking with me and made me hard
to feels like the original.” This description indicated the negative effect of the sense of
artificiality on tourists’ perception of authentic local experience.

To sum up, the interviewees perceived the damage of authenticity in local tourist
attractions and expressed their interests and efforts to explore local engagement. How-
ever, the seek for local engagement, to a broad audience, confronted barriers of social
exclusion, mental and physical cost, and artificiality.

4.2 Backstage: Barriers for Enabling Local Expertise

“The Back” is the closed place for the performance of the frontstage. It can be seen as
a place closely connected with truth, intimacy, and authenticity [20]. As the researcher
probed deeper into the backstage of local life, the concept of local expertise, defined
as the interpretation of local history, events, and tourist attractions by local residents,
emerged from the analysis. Local expertise is generally delivered and diffused through
storytelling, mostly in a face-to-face manner. The interviewed residents explicitly or
implicitly expressed their local expertise, including traditional lifestyle and local mem-
ories that are contextualized and being interpreted subjectively. For example, P1 told
us his story about the spatial arrangement of a tourist attraction and shared his child-
hood memory of the attraction. Local expertise differs from the expertise provided by
tour guides in that the narrative of local expertise generally involved the reflection of
personal experience, making the information united with human touch and cultural con-
text. Expertise provided by tour guides, however, involved more objective, professional,
and accurate knowledge on tourist attractions. P9, equipped with part-time tour guide
experience, indicated that “tour guides need to be authorized by obtaining the tour guide
certificate. […] It examines your professional knowledge about attractions, such as its
culture, history, etc., and how to narrate your speech.” An in-depth analysis between
local expertise and tour guide expertise is presented in Sect. 4.4.

Despite all tourist participants expressed their interest in local lifestyle and culture,
the value of local expertise, compared with tour guide expertise, has less been explored.
P5 expressed her strong interest in the habits and culture of the locals and her desire
to explore and experience these contents. She said “[The local house-owner] often talk
to you about, for example, what festival is on Sunday and what event will be held at
the center of the town. On Sunday, he said he would try to make a local specialty dish.
When we were cooking, I went around [the chief] to observe what he was doing.” P8
reported that “I prefer to search on [a social media] to look for restaurants and attractions
local people recommended, because I feel that posts written with personal experience
are more convincing. […] When I went to eat, I intentionally or unintentionally noticed
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them [local people] talking about their life stories, that [the experience of eating] was
quite unusual, as if I was diving into their daily routine secretly.”

Some participants exemplified current solutions for delivering local expertise to
tourists. P6 indicated that “The youth hostel owner is quite conversable, you will have
a lot of opportunities to communicate with your buddies when you stay there. […] He
[the house-owner] will list some local features for you to find out. […] I think this type
of communication made me feels like immersing in local life.” She also indicated that
a customized tour equipped with a local tour guide is a good chance to communicate
with the local. This type of tourism supports tourists to select to join a small-scale travel
group, guided by a local with enriched knowledge about the city he lives in.

However, barriers to enable local expertise were also identified. The first barrier is
B1. the cost-effectiveness of diffusing local expertise. P6 experienced customized tour to
comment that “the reciprocal interaction between tour guides and tourists takes toomuch
human cost and thus limited to be disseminated to a broader audience.” P9, equipped
with tour guide experience, described that she “often tell a similar story to a small group
of audience for multiple times, which makes me feel a little bit exhausted.”

The second barrier points to B2. the triggering of local storytelling. Interviews with
residents revealed that the initiation of storytelling might be challenging. Most of the
interviewed locals performed a rather conservative attitude in telling their personal expe-
riences.Only after a long time of contextualization did they begin to narrate their personal
stories. P1 said that he “has nothing to tell about local living” for his concern about the
sensitive nature of the information he is delivering. Approximately 10 min later, he had
been channeled into the interview scenario to share his story abundantly, ranging from
the physical structure of the street, the interaction routine in neighbors, to his childhood
memory on tourist attractions.

The third barrier concerns B3. the diffusion of local expertise. Existing solutions
largely involve dyadic communication between the local and the tourist, meaning that the
diffusion of local expertise was confined to a small-scale audience. Also, the delivery of
local knowledge is often unrecorded, leaving the replay and share of the story impossible.
P10 commented that “a digital platform helps a lot for the collection and sharing of
stories”.

In summary, although local expertise was highly anticipated by tourists, existing
solutions have rarely delivered the resource of local expertise to a broad audience com-
pared with the resource of audio guide expertise. Barriers for enabling local expertise
were identified as the cost-effectiveness, the triggering of local storytelling, and the
diffusion of local expertise.

4.3 Staged Authenticity: The Gap for Mediating Front and Backstage

In Sect. 4.1 and 4.2, I introduced two key conceptualizations emerged from data anal-
ysis—local engagement and local expertise. I also examined barriers for seeking local
engagement and for enabling local expertise under the umbrella term frontstage and
backstage, respectively. These barriers formulated the gap for mediating the frontstage
and backstage towards the authenticity of local tourist experience.

Certain tourism solutions confronted some specific barriers, leaving other barriers
underexplored. Casual acquaintance and conversation with local residents, according to
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P6, confronted the barrier of B2. storytelling triggering and B3. local expertise diffu-
sion, leaving some crucial aspects like F1. social exclusion and B1. cost-effectiveness
unexplored. Existing audio guide applications in tourist attractions, according to P10,
dealt with barriers like F1. social exclusion, F2. mental and physical cost, and B1.
cost-effectiveness. However, B3. local expertise diffusion and F3. artificiality was less
concerned. Customized tours, according to P9, dealt with the barrier of F1. social exclu-
sion, B2. triggering storytelling, and B3. diffusing local expertise, but the B1. cost-
effectiveness for tour guides is relatively low and the F2. mental and physical cost for
tourists is relatively high.

4.4 Comparing Storytelling Practices Between Local Residents and Tour Guides

In this section, a comparison between storytelling practices contributed by residents and
tour guides is formulated. The original Storytelling Design Framework [22] dedicated
to the specific narrator of older adults deviates from our purpose to understand and com-
pare various narrators. Hence, the current framework further incorporated the division
of Narrator to analyze storytelling factors in more detail. The building blocks of the
framework are illustrated in Table 2.

Table 2. A comparative analysis between storytelling practices contributed by local residents and
tour guides

Narrator Local residents Tour guides

Audience Family members; neighbors; remote
friends

Tourist

Content Historical events of the local place;
personal experiences; political and social
interpretations; family routines

Historical events of the local place;
tourist instructions; consumption
inducement

Process Initiate by causal conversations or
prompts; develop casually; end up
casually

Tourist plan introduction; guide
instructions; tourist attraction
introduction; epilogue

Context Daily routine; meeting with family and
friends

Planned trip; package tour;
customized tour

Medium Face-to-face conversation Face to face conversation; digital
applications

Trigger Nostalgic narratives Reward; professional
accomplishment

Intention Maintaining human relationships;
conveying lessons or messages; causal
sharing

Job duty; the joy of sharing



148 W. Zhang

5 A Storytelling Design Framework for the Authenticity of Local
Tourist Experience

In Sect. 4, I identified the gap and barriers toward achieving Staged Authenticity in
tourism contexts. The actualization of Staged Authenticity, in our specific context,
depends on resolving the barriers for seeking local engagement and enabling local
expertise. To bridge this gap, I formulated the storytelling design framework for the
authenticity of local tourist experience (Fig. 2). The core idea is to adopt digital story-
telling of local expertise as a virtual thread to link resident and tourist, labeled as “Meet
the Local through Storytelling”. The framework is deduced from the gap and barriers
summarized above and built on the in-depth comparison between local storytelling and
tour guide storytelling. The building blocks of the framework and the rationales for
deriving them are illustrated as follows.

The framework consists of four essential modules: Narrator, Audience, Digital
Storytelling, and Reward Mechanism.

• Narrator points to local residents equipped with local expertise and have the interest
to share their personal experiences.

• Audience points to tourists with an interest in local engagement, which is represented
as interactions with local people, objects, events, and environments.

• Digital Storytelling combines the human behavior of telling stories with a variety of
digital multimedia, such as images, audio, and video. It is comprised of three key
elements: Trigger, Mediator, and Interface. Trigger refers to the digital prompts for
local residents to reflect and create their personal stories about local living. Mediator
points to a tangible or digital platform for local residents to upload, adjust, and share
their uploaded stories. An interface is also required for tourists to select and play
stories uploaded by local residents.

• The role of the Reward Mechanism is to deliver the rewards provided by the audience
to local residents who uploaded their stories. The rewards are in the form of money
or virtual currency. As I pinpoint storytelling, specifying this module is beyond the
scope of this study

I elaborate rationales on how the framework confront the identified barriers to achieve
local experience.

• Pertaining to F1. social exclusion, the framework virtually connects local residents
and tourists in a non-invasive manner, relieving tourists’ embarrassment of being
excluded by local environment.

• Pertaining to F2. mental and physical cost, our digital solution can be integrated
into convenient devices like mobile phones, making the access of local engagement
anytime, anywhere.

• Pertaining to F3. artificiality, the real, personal stories delivered through human voice
contrast to the universal, machine tone delivered by existing audio guides.

• Pertaining to B1. cost-effectiveness, a local resident can deliver his story to a much
broader audience digitally, relieving the physical effort to tell stories repeatedly.
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• Pertaining to B2. storytelling triggering, digital prompts are suggested for local res-
idents to reflect and create their stories, eliminating the embarrassment and worries
for the invitation of the talk on-site.

• Pertaining to B3. local expertise diffusion, the proposed framework provides a dig-
ital solution to create, store, disseminate, and reward the uploaded stories, stepping
towards a closed loop for local expertise diffusion.

6 A Storytelling-Based Audio Guide Application

An audio guide application interface was prototyped to demonstrate one potential use
of the framework (Fig. 3). Residents can record and upload their own interpretations of
the historical site through an intuitive, effortless interactive process. Travelers can select
and play stories uploaded by residents. Narrating diversified local stories in residents’
voice is suggested to enhance tourists’ perception of local experience. The on-demand
service offers payment for the resident once their story is played, and a local tourist
experience can be better enhanced. There are three major use scenarios of the audio
guide application (Fig. 4).

Upload and Download. Residents upload their own stories about local landmarks on
the app. Tourists download the app and reserve a local tour.

Storytelling. When viewing landmarks, tourists can listen to the stories uploaded by
locals through the application. In this way, landmarks can be deeply experienced and
the interaction between the local and the tourist can be better enhanced non-invasively.
Tourists can discard a specific narrative at any moment and jump to another one they
prefer to explore content non-linearly.

Recall Anytime, Anywhere. After traveling, the app automatically generates video
clips according to the pictures taken and the stories the tourist listened to.

7 Discussion

This study presented barriers for enhancing tourist’s perception of locality and formal-
ized a comparative analysis of storytelling practices between residents and tour guides.
The idea of adopting digital storytelling as a mediator between residents and tourists
was formulated as a prescriptive design framework, following an audio guide applica-
tion prototype to illustrate one potential use of the framework. In this section, I situate
the findings in HCI research, tourism research, and design practices. I further suggest
limitations of this study and avenues for future research.

This study contributes to the field of HCI research in several aspects. First, the
formulated storytelling design framework for the authenticity of local experience pro-
vides foundation for developing products, applications, and services in culture-oriented
tourism contexts. The formulated framework extends to the guidelines proposed by
Burova et al. [10] for a storytelling application for touristic public spaces. As the present
study focused on the specific context of cultural exploration, our findings add to the
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Fig. 2. The storytelling design framework for the authenticity of local tourist experience.

proposed guideline of “facilitating cultural exploration” [10] through specifying a story-
telling design framework to facilitate cultural exploration. Second, the identified barriers
for achieving the authenticity of local experience provided an enriched and contextu-
alized understanding of local culture-oriented tourism practices. This understanding
provides empirical bases for HCI researchers to develop and refine existing solutions [9,
32] towards engaging tourists in a tourist destination and cultural heritage. Third, the
in-depth comparison between storytelling practices presented by local residents and tour
guides adds to existing discussions on digital storytelling solutions in the tourism sector.



Meet the Local Through Storytelling 151

Fig. 3. Main interfaces of the audio guide application

Fig. 4. Main use scenarios of the audio guide application

By suggesting local residents as potential narrators, rather than tour guide professionals,
new pathways for digital storytelling might be unfolded.

Pertaining to tourism studies, the reported narratives and reflections of the intervie-
wees are consistent with Paulauskaite et al. [7] who found that interactions with local
culture contributed to user’s perception of authentic experience while using Airbnb. The
identified gap for achieving the authenticity of local experience in real context extends
current understandings of authenticity in tourism practices.

For design practitioners, the audio guide application has practical value for com-
mercialization in tourist attractions. The function of delivering local residents’ stories to
tourists through digital platforms can also be integrated into existing tourism solutions,
such as Airbnb, to enhance tourists’ perception of locality.

This study contendswith several limitations. First, despite efforts to derive the frame-
work with theoretical groundings and rationales, the evaluation of the framework has not
been discussed. This is because the pivotal body of this paper concerns enriching under-
standings of local culture-oriented tourism to inform practitioners through proposing a
design framework. Evaluation of the framework is out of the scope of the present study.
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Besides, the perception of authenticity, central concept of this study, confronts contro-
versial perspectives towards being effectively measured. Scholars discuss authenticity
in tourism from multiple perspectives, ranging from objective authenticity, existential
authenticity, to constructive authenticity [4, 14–16]. The blurry definitionmade the effec-
tive measurement of authenticity perception controversial. Second, this study was based
on a specific historical site in China. It is suggested to be cautious in generalizing the
findings to amuch broader context as tourist practices and experiences are largely culture
and context-dependent.

I suggest several avenues for future research. Pertaining to the field study,more diver-
sified and representative cases can be incorporated for investigation. Pertaining to the
proposed framework, future research may evaluate how digital storytelling contributes
to the authenticity of local experience through field testing prototypes built on the frame-
work. What’s more, the triggering mechanism of storytelling should be elaborated. This
is because our analysis found that local residents may be conservative in talking with
others. Chu et al. [22] also indicated that older adults may have too little to talk about
or too much to tell. Hence, it is crucial to develop and evaluate appropriate storytelling
prompts to generate stories with suitable content and length.

8 Conclusion

In this paper, I presented a rapid ethnographic study to provide a contextualized under-
standing of local experience and storytelling practices in tourism. As a result, the gap
towards achieving the authenticity of local tourist experience was identified, specified
as barriers for seeking local engagement and for enabling local expertise. Six detailed
barriers were identified as social exclusion; mental and physical cost; artificiality; cost-
effectiveness; storytelling triggering; and local expertise diffusion. I also presented a
comparison between local storytelling and audio guide storytelling. Based on the find-
ings, the storytelling design framework for the authenticity of local tourist experience
was formulated and illustrated by an audio guide application prototype. This study adds
to a contextualized understanding of culture-oriented tourism practices. The formu-
lated design framework provides the foundation for HCI researchers and practitioners
to develop solutions to better engage tourists in tourist destination and cultural heritage.

References

1. MacCannell, D.: Staged authenticity: arrangements of social space in tourist settings. Am. J.
Sociol. 79, 589–603 (1973). https://doi.org/10.1086/225585

2. MacCannell, D.: The Tourist: A New Theory of the Leisure Class. University of California
Press, California (1976)

3. Pine, J., Gilmore, J.: The Experience Economy. Harvard Business Review Press, Boston
(2011)

4. Wang, N.: Rethinking authenticity in tourism experience. Ann. Tourism Res. 26(2), 349–370
(1999). https://doi.org/10.1016/S0160-7383(98)00103-0

5. Tussyadiah, I., Pesonen, J.: Impacts of peer-to-peer accommodation use on travel patterns. J.
Travel Res. 55(8), 1022–1040 (2016). https://doi.org/10.1177/0047287515608505

https://doi.org/10.1086/225585
https://doi.org/10.1016/S0160-7383(98)00103-0
https://doi.org/10.1177/0047287515608505


Meet the Local Through Storytelling 153

6. Arsenault, N., Trace, G.: Defining tomorrow’s tourism product: Packaging experiences.
Canadian Tourism Commission, Vancouver (2004). https://doi.org/10.13140/RG.2.1.3264.
2406

7. Paulauskaite, D., Powell, R., Coca-Stefaniak, J., Morrison, A.: Living like a local: authentic
tourism experiences and the sharing economy. Int. J. Tourism Res. 19(6), 619–628 (2017).
https://doi.org/10.1002/jtr.2134

8. Bryon, J.: Tour guides as storytellers—from selling to sharing. Scand. J. Hospitality Tourism
12(1), 27–43 (2012). https://doi.org/10.1080/15022250.2012.656922

9. Lombardo, V., Damiano, R.: Storytelling on mobile devices for cultural heritage. New Rev.
Hypermedia Multimedia 18(1–2), 11–35 (2012). https://doi.org/10.1080/13614568.2012.
617846

10. Burova, A., et al.: Promoting local culture and enriching airport experiences through interac-
tive storytelling. In: Proceedings of the 18th International Conference on Mobile and Ubiq-
uitous Multimedia, MUM 2019, pp. 1–7. Association for Computing Machinery, New York
(2019). https://doi.org/10.1145/3365610.3365640

11. Chowdhury, S.: Pintail: A travel companion for guided storytelling. Thesis. Massachusetts
Institute of Technology, Cambridge, MA (2018)

12. Weiler, B., Ham, S.: Tour guides and interpretation. In: Weaver, D. (ed.) The Encyclopedia
of Ecotourism, pp. 549–563. CABI Publishing, Wallingford, Oxfordshire (2001)

13. Bærenholdt, J., Haldrup, M., Urry, J.: Performing Tourist Places. Routledge Press, London
(2017)

14. Kirillova, K., Lehto, X., Cai, L.: Existential authenticity and anxiety as outcomes: the tourist
in the experience economy: existential authenticity and anxiety as outcomes. Int. J. Tourism
Res. 19(1), 13–26 (2017). https://doi.org/10.1002/jtr.2080

15. Kolar, T., Zabkar,V.:Aconsumer-basedmodel of authenticity:Anoxymoronor the foundation
of cultural heritage marketing? Tourism Manage. 31(5), 652–664 (2010). https://doi.org/10.
1016/j.tourman.2009.07.010

16. Steiner, C., Reisinger, Y.: Understanding existential authenticity. Ann. Tourism Res. 33(2),
299–318 (2006). https://doi.org/10.1016/j.annals.2005.08.002

17. Sharpley, R.: Tourism, Tourists and Society. ELM Publications, Huntingdon, UK (1994)
18. Grayson, K., Martinec, R.: Consumer perception of iconicity and indexicality and their

influence on assessments of authentic market offerings. J. Consum. Res. 31, 296–311 (2004)
19. Taylor, J.: Authenticity and sincerity in tourism. Ann. Tourism Res. 28(1), 7–26 (2001).

https://doi.org/10.1016/S0160-7383(00)00004-9
20. Goffman, E.: The Presentation of Self in Everyday Life. Doubleday Publishing, New York

(1959)
21. Deepak, C., Robert, H., Erill, S.: Staged authenticity and heritage tourism. Ann. Tourism Res.

30(3), 702–719 (2003). https://doi.org/10.1016/s0160-7383(03)00044-6
22. Chu, S., Garcia, B., Quance, T., Geraci, L.,Woltering, S., Quek, F.: Understanding storytelling

as a design framework for cognitive support technologies for older adults. In: Proceedings
of the International Symposium on Interactive Technology and Ageing Populations, ITAP
2016, pp. 24–33. Association for Computing Machinery, New York (2016). https://doi.org/
10.1145/2996267.2996270

23. Robin, B.: The educational uses of digital storytelling. https://digitalliteracyintheclassroom.
pbworks.com/f/Educ-Uses-DS.pdf. Accessed 11 Feb 2021

24. Chittaro, L., Zuliani, F.: Exploring audio storytelling in mobile exergames to affect the per-
ception of physical exercise. In: Proceedings of the 7th International Conference on Perva-
sive Computing Technologies for Healthcare, PervasiveHealth 2013, pp. 1–8. ICST (Institute
for Computer Sciences, Social-Informatics and Telecommunications Engineering), Brussels,
BEL (2013). https://doi.org/10.4108/icst.pervasivehealth.2013.252016

https://doi.org/10.13140/RG.2.1.3264.2406
https://doi.org/10.1002/jtr.2134
https://doi.org/10.1080/15022250.2012.656922
https://doi.org/10.1080/13614568.2012.617846
https://doi.org/10.1145/3365610.3365640
https://doi.org/10.1002/jtr.2080
https://doi.org/10.1016/j.tourman.2009.07.010
https://doi.org/10.1016/j.annals.2005.08.002
https://doi.org/10.1016/S0160-7383(00)00004-9
https://doi.org/10.1016/s0160-7383(03)00044-6
https://doi.org/10.1145/2996267.2996270
https://digitalliteracyintheclassroom.pbworks.com/f/Educ-Uses-DS.pdf
https://doi.org/10.4108/icst.pervasivehealth.2013.252016


154 W. Zhang
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The Living Inheritance and Protection
of Intangible Cultural Heritage Lingnan Tide
Embroidery in the Context of New Media

Shujun Zheng(B)

Fuzhou University of International Studies and Trade, Hangzhou, People’s Republic of China

Abstract. In the context of micro-communication, the communication of intan-
gible cultural heritage is faced with the dilemma of lack of cultural characteristics,
low utilization of resources, excessive commercialization and so on. At the same
time, its “voice” is relatively weak, or “sound” will “sink” in the ocean of infor-
mation. 5G era is coming, the way of communication based on WeChat, Weibo
and other media will also produce subversive changes, intangible cultural heritage
needs to seize the opportunity. From the perspective of new media, this paper
analyzes the realistic predicament and internal reasons of the inheritance of intan-
gible cultural heritage in the new era, and thinks that the communication strategy
and development path of non-posthumous culture can be explored by using new
media technology based on the thinking of “Internet +” to realize the innova-
tion and demonstration promotion of non-posthumous culture inheritance mode;
On the basis of “big data”, the author constructs the communication chain of
intangible cultural heritage, the mechanism of national folk communication and
the diversified communication system. Using new media technology can greatly
stimulate the endogenous motive force of the protection of non-heritage cultural
tradition, enhance the influence of intangible cultural heritage, effectively pro-
mote the development and utilization of non-heritage culture, further expand the
survival and cultural space of non-heritage, and enhance the soft power of Chinese
culture.

Keywords: New media · 5G · Lingnan tide embroidery · Non-posthumous
culture dissemination · Alive state inheritance and protection

1 Introduction

On October 15,2014, General Secretary Xi Jinping’s important speech at the forum on
literary and artistic work profoundly expounded the important role of Chinese culture
in the rejuvenation of the Chinese nation. In his speech, he pointed out: “without the
prosperity of Chinese culture, there will be no great rejuvenation of the Chinese nation.”
China is a country with profound and extensive cultural resources. Chinese culture is a
cultural garden composed of 56 national cultures. [1] the external dissemination, internal
inheritance and further development of intangible cultural heritage, from a macro point
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of view, it not only highlights the richness and diversity of our national culture, but also
the practical need to enhance our cultural soft power in the international community.

With the iteration and transformation of newmedia technology, Cell phones and PAD
as carriers of the new media transmission has also undergone earth-shaking changes,
Micro-communication based on WeChat, Weibo and other new media platforms has
become an important medium for the dissemination of intangible cultural heritage. In
order to explore the research progress and achievements of the present stage in the dis-
seminationof intangible cultural heritagebymicro-communication,During the advanced
retrieval of CNKI database, the author uses “WeChat” and “non-posthumous”, “Wei-
bo” and “non-posthumous” and “self-media” as the title of the article, A total of 11
papers were retrieved in all journals, Most of them are non-legacy universities, non-
legacy government application strategies, Only 17 articles are related to the theme of
intangible cultural heritage using micro-communication. Visible, Although the micro-
communication mode with WeChat, Weibo and so on as the medium is more and more
influential, But how to use micro-communication to better spread intangible cultural
heritage, At this stage, the research is relatively small. So how to better use micro-
communication for intangible cultural heritage dissemination? This paper analyzes the
development of intangible cultural heritage communication and the dilemma of intan-
gible cultural heritage communication in the context of micro-communication, In the
context of micropropagation, How to useWeChat,Weibo and other newmedia platforms
to spread intangible cultural heritage reasonably and effectively, To provide reference
value for the subsequent dissemination of intangible cultural heritage.

2 Background to the Study

(i) Status analysis. As the hidden wealth passed down from generation to genera-
tion in the process of human existence and development, intangible cultural her-
itage contains rich historical, cultural, economic and even scientific values, and
plays an important role in the survival and development of human beings.In Octo-
ber 2018, the General Office of the CPC Central Committee and the General
Office of the State Council issued “Some Opinions on Strengthening the Reform
of the Protection and Utilization of Cultural relics”, pointing out that it is neces-
sary to strengthen the excavation, interpretation, dissemination and utilization of
non-legacy resources, so that the unique advantages of cultural relics resources
become the profound nourishment of the majestic power of building Chinese
Dream together. We must attach importance to the protection and inheritance
of non-heritage, and make non-heritage innovative development. Since ancient
times, the two places have been prosperous and rich in culture. Lingnan has dis-
tinct location advantages, which has a strong demonstration and driving effect for
the traditional culture to go out, realize the living state inheritance and innovation
communication, and will certainly provide a new way of thinking for the overall
protection and ecological inheritance of non-heritage culture. And help to inno-
vate the communication path and enhance the communication effect. In the 13th
Five-Year Plan, it is particularly pointed out that we should actively seize new
opportunities for the implementation of the national strategy, give full play to the
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location advantages of “Belt and Road” and “Yangtze River Economic Belt”, and
transform the advantages of cultural resources into new strengths of the prosperity
of local cultural industries. Efforts will be made to enhance cultural soft power.
In the context of new media, let non-legacy catch the “Internet +” express, and
use Internet thinking to promote the innovation and development of Ling South
Africa.

(ii) Existing studies. Guangdong Province has a very rich Lingnan characteristics of
intangible cultural heritage resources, in the first batch of national intangible cul-
tural heritage list published by the State Council in 2006, Guangdong Province was
selected 29 (a total of 518 items). Guangdong embroidery (including wide embroi-
dery and Chao embroidery) was identified as the first batch of national intangible
cultural heritage. Guangdong embroidery has unique Lingnan cultural characteris-
tics, and Suzhou embroidery, Xiang embroidery, Shu embroidery together known
as China’s “four famous embroidery”. Chaozhou embroidery is referred to as
Chaozhou embroidery, which is a branch of Guangdong embroidery. Although
Chao embroidery has a history of more than 1000 years, its cultural connotation
and artistic form are the long history and cultural precipitation of Chaoshan peo-
ple from ancient times to present. Chao embroidery art has extremely rich cultural
connotation, its cultural and artistic value far exceeds Chao embroidery art itself,
showing a complete Chaoshan art system, modeling system and color system.

(iii) After the implementation of the Law of the People’s Republic of China on Intan-
gible Cultural Heritage, Guangdong Province issued a supporting local law—the
Regulations of Guangdong Province on Intangible Cultural Heritage adopted on
July 29, 2011. This regulation reflects the importance attached by Guangdong
Province to the protection and inheritance of intangible cultural heritage, and
also provides local laws, regulations and policies for the protection and inheri-
tance of intangible cultural heritage in the province. Guangdong Province and all
cities under its jurisdiction attach great importance to the protection of intangi-
ble cultural heritage, and set up a number of intangible cultural heritage muse-
ums and exhibition halls in some key protection categories and birthplaces, and
identified some intangible cultural inheritors. For example, Chaozhou City set up
Chaozhou Xiangqiao District Chao embroidery Research Institute, set up a simi-
lar intangible cultural heritage protection center, by Chao embroidery inheritor Li
Shuying master responsible for imparting Chao embroidery technology, Promote
the improvement of Guangdong Province intangible cultural heritage protection
mechanism.

3 Development of the Dissemination of Intangible Cultural
Heritage

In the process of inheritance and continuation of intangible cultural heritage, intangible
cultural heritage has always had its special status. With the continuous development
of modern science and technology, the dissemination of intangible cultural heritage has
gradually changed from itsmost primitive “oral instruction” to thewayof communication
through the latest media. In the course of this historical change, some of the traditional
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intangible cultural heritage is gradually dispelled, while some of them are modernized
and reconstructed, which is endless in the new field of communication. [2] this paper
divides modern communication into “traditional media period” and “newmedia period”.

(i) Period of traditional media. From the early days of the founding of New China to
the 1980s and 1990s, the dissemination of intangible cultural heritage was mainly
in the traditional way, that is, television, big screen, radio, newspapers and other
main carriers and channels of communication. The intangible cultural heritage of
this period is basically spread by the mainstream media, from the selection of top-
ics to the final presentation to the audience by a professional team to complete,
accuracy, authority is beyond doubt, One of the most representative is about intan-
gible cultural heritage related topics of film and television works. At the beginning
of the founding of New China, the dissemination of intangible cultural heritage in
China entered a prosperous stage, and the film and television works with Lingnan
Chao embroidery dress as the subject matter were loved by the audience. These film
and television works show the local customs of Lingnan region, with remarkable
national characteristics, rich regional color and other characteristics, leaving a pro-
found impression on the history of intangible cultural heritage dissemination. After
the reform and opening up, the number of films on intangible cultural heritage in
China has increased sharply. In this period, minority films have explored the cultural
history, ethnic customs, cultural connotations and unique national characteristics of
ethnicminorities, andmany excellent works have emerged. It is these national theme
films that show the national customs, cultural history, spiritual features and other
aspects of Lingnan in front of the audience, so that the ordinary people can deeply
understand the cultural tradition of Lingnan, and play a unique role in promoting
the spread of Lingnan Chaoxiu culture.
However, in the current new media era, the traditional media is more focused on
the living conditions, national customs, beautiful natural environment and religious
beliefs in Lingnan area. The content reports concerning the cultural connotation of
Lingnan area are generally not discussed in depth or relatively old, which leads to
superficial or one-sided understanding and even misunderstanding. The rich cul-
tural value of Lingnan Chao embroidery has not been excavated, and the cultural
background has not been fully utilized. With the passage of time, the result is that
the intangible cultural heritage of Lingnan is diluted and even replaced.

(i) NewMediaPeriod.Since the 21st century, Internet technology has begun to develop
rapidly, and new media have emerged. At this stage, it is mainly based on mobile
Internet technology to mobile phone, PAD as the carrier of new media, its mani-
festations are mobile TV, Internet TV, WeChat, Weibo, APP and so on. In all kinds
of new media media, the micro-communication mode represented by WeChat and
Weibo has become an important channel for the dissemination of intangible cultural
heritage. With the continuous updating and iteration of the version, its main char-
acteristics, such as openness, interactivity, sociality, timeliness and so on, make its
communication power and influence more and more powerful.

1. the main body of intangible cultural heritage communication has undergone
fundamental changes. In the Internet age, a photo or a small video, with a
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paragraph of text can spread a thing. Everyone’s position is equal, the right to
speak is no longer the exclusive right of “official” and “authority”, and the public
can express their views [4].
In the past, the main body of intangible cultural heritage dissemination was
government departments or mainstream media, but based on the functions of
Weibo and WeChat, a large number of self-media people continue to emerge,
ordinary people also have the right to publish information, people’s “identity”
has changed. Not only the receiver of information but also active as the publisher
of information in the process of minority culture communication, people can
obtain all kinds of Lingnan Chaoxiu culture information in the network, but also
can publish and reprint the information related to Lingnan Chaoxiu culture to
the Internet.

2. break the bottleneck of intangible cultural heritage dissemination. As long as
the mobile phone is turned on APP, people can communicate with friends and
strangers around the world to achieve one-to-one, one-to-many, many-to-many
communication, without any geographical restrictions, as long as there is a net-
work to achieve information acquisition and communication. For the dissem-
ination of intangible cultural heritage, the regional bottleneck in the period of
traditional media has been broken, and Lingnan Chao embroidery culture can
be spread to all parts of the world through micro-communication. WeChat pays
attention to acquaintance social, WeChat group communication between peo-
ple is very frequent, has a high relationship intensity and trust. This group has
strong social mobilization ability, in the process of intangible cultural heritage
dissemination, we can make full use of this kind of group with high relationship
intensity and strong trust to transmit information tomore people in a short period
of time.

3. improve the efficiency of intangible cultural heritage dissemination. With the
help of mobile devices such asmobile phones and tablets, the information can be
transmitted quickly in the first time and to people around theworld in a very short
time. Micro-propagation does not require cumbersome background, through
mobile devices can be obtained at any time, any place to process and publish
intangible cultural heritage information, its dissemination of information pro-
cess is extremely simple and convenient, only need to upload text, voice, pictures
or video and release, Get rid of a series of traditional media production process.
Therefore, making full use of the simple advantages of micro-dissemination can
spread Lingnan Chao embroidery culture to all over the world in the shortest
time, which is of great benefit to the dissemination of Lingnan Chao embroi-
dery cultural heritage and the promotion of Lingnan Chao embroidery cultural
activities.

4 The Practical Dilemma of the Protection and Inheritance
of Intangible Cultural Heritage

It covers many fields, such as traditional skills, folklore, folk literature, traditional music
and so on. It has the characteristics of vitality, diversity and uniqueness. In the Ming
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Dynasty, the folk activities in Chaozhou area were active, which promoted Chao embroi-
dery to have awide developmentmarket. Due to the increase of Chao embroidery person-
nel, Chao embroidery absorbed the advantages of local embroidery, and actively inno-
vated and broke through in order to survive and developmore. In the QingDynasty, Chao
embroidery played an important role in Chaozhou handicraft products. Chao embroidery
has learned and absorbed other famous embroidery techniques in its continuous devel-
opment, so that after the late Qing Dynasty, especially in the early days of the founding
of the Republic of China to New China, Chao embroidery was deeply influenced by Gu
embroidery, once also known as “Gu embroidery”, until 1962. Chao embroidery was
not named. Tide embroidery through learning and absorption of Gu embroidery, Suzhou
embroidery, wide embroidery and other excellent embroidery skills, enriched the perfor-
mance and skill level. Especially by mastering the performance and application of light
in embroidery, the lifelike degree of embroidery image is improved. After the founding
of New China, Chaozhou City integrated 13 Xiuzhuang and set up trade unions. After
60 years, mass commercialization gradually replaced the traditional small production
mode of embroidery without batch. After the Cultural Revolution, the tide embroidery
ushered in the peak of creative development. In the 21st century, people of social insight
called for the rescue and protection of the lost tide embroidery skills, and included the
tide embroidery in the first batch of national intangible cultural heritage list.

In recent years, the protection of Lingnan Chao embroidery has made great progress,
but with the acceleration of urbanization and the change of social culture, the living envi-
ronment of Lingnan Chao embroidery has gradually deteriorated. Taking the inheritance
of non-heritage as an example, most of the inheritors of Lingnan Chao embroidery have
been nearly ancient and rare in recent years, Xu Lijuan, the oldest national inheritor of
lake drama, has been 86 years old, and some old rap artists have died. In recent years,
Huzhou has issued a series of policy documents, such as “Measures for the Identification
and Management of Non-Legacy Inheritors in Huzhou City”, “Measures for the Appli-
cation of Intangible Cultural Heritage Projects” and “General Guide for the Protection
and Inheritance of Intangible Cultural Heritage”, which provide policy support and insti-
tutional guarantee for strengthening the work of non-legacy protection. To do a good job
of non-posthumous inheritance and protection, we should deeply plant folk, take root in
local areas, approach villagers, and protect the geographical space and cultural field of
non-posthumous living state inheritance as a whole.

During the period of the prevalence of traditional media, ethnic minorities can also
spread their own culture at a specific time and place through their own arrangement, but
this is only aimed at the audience groups in a specific region. After leaving a specific
region, their programs will be in a state of reception because of regional and environ-
mental problems. With the development and transformation of new media, the overall
communication environment has changed greatly, and time and space are no longer
obstacles to cultural communication. However, in order to cater to the special reasons
of audience usage habits, increasing public attention and stimulating regional economic
development, minority culture has emerged the following problems in the process of
communication:

1. The cultural status of ethnic minorities is in a weak position. One of the important
characteristics of the globalization of cultural communication is the squeeze of strong
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culture on weak culture. As a weak culture, minority culture will have to bear great
pressure from foreign strong culture in the process of communication. [5] in the face
of the strong impact of mainstream culture and the continuous “squeezing” of the
development space ofminority culture, the trendof convergence ofminority culture is
becoming more and more obvious. People tend to enjoy the pleasure of “fast food”
culture, so that minority culture is relatively weak. Although new media such as
Weibo andWeChat provide a new platform for the dissemination of minority culture
so that it can make more voices, minority culture is gradually disappearing under the
impact of strong culture and the influence of “fast food” culture. Even someminority
cultures are facing the dilemma of disappearing in the process of communication.
For example: due to the impact of a large number of modern information, among the
Miao people in Qiandongnan Prefecture, Miao songs are replaced by pop songs, and
even many Miao people can no longer speak their own national language and know
little about their own national history. [6] in the process of communication, the author
studies and finds that the public numbers ofWeibo andWeChat are relatively short of
the content of the essence of national culture. In the face of the impact of mainstream
culture and the influence of information explosion, Weibo, WeChat and other new
media generally focus on event content, rarely dig into its cultural connotation,
resulting in its lack of appeal in the process of communication, the audience is only
quick browsing is difficult to impress, some WeChat public numbers even update
lag or do not pay attention to the event, resulting in the content lost communication
vitality.

2. minority cultural characteristics are missing. According to the cultural scholar
Egerther, “the proximity of the region has always been a prerequisite for human
groups to carry out and maintain communication links, and a fixed place of resi-
dence is necessary for the development of more frequent and meaningful communi-
cation.” [7] different cultural backgrounds will produce different minority cultures.
Because of the influence of geographical location, historical conditions and human-
istic environment, ethnic minorities shape their unique cultural temperament, and
their cultural background is relatively fixed. At the same time, minority cultures
will spread in specific regions and groups of people. Different national cultures
have different national characteristics, which should be expressed in the process of
communication. [8] but in the new media environment, minority culture is gradually
dispelled and assimilated in the process of communication, whichmakes the national
characteristics not outstanding. In today’s fast-paced society, few people will calm
down to see the relevant content of minority culture, in order to meet the consumer
habits (needs) of the audience, leading to the release of minority cultural content
tend to surface. Even distorting minority history and historical figures for the eye,
resulting in fundamental changes in the nature of minority culture. In this case, the
communication of minority culture loses its own essence, and it is difficult for people
to understand its connotation, which eventually leads to the gradual disappearance
of the unique connotation of minority culture.

3. low utilization rate of cultural resources. In the process of spreading minority cul-
ture, whether people publish content through Weibo public number, WeChat public
number, WeChat group or WeChat circle of friends, the fundamental purpose of
which is mostly to improve their level of attention. In order to achieve this goal,
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people will choose the content with high attention and interest. But in the process of
micro-dissemination, the method adopted by communicators is to “follow the trend”
and spread whatever content is of high concern recently. In order to cater to the audi-
ence’s usage habits, people focus more on these places when reporting on ethnic
minorities. People pay more attention to ethnic minorities, such as pastoral scenery,
special costumes and unique buildings, and only stay in shallow presentation, rarely
involving specific, detailed national cultural background and historical origin, few
people really understand the connotation of minority culture, only one-sided recep-
tion of minority culture content, A large number of ethnic minority culture essence
content is ignored, abandoned, eventually leading to the publicwill gradually solidify
the understanding of minority culture.

4. business color is too strong. Comparedwith the traditional media, the entry threshold
of micro-communication practitioners is relatively low and the quality is uneven. At
the same time, manyWeChat newmedia communicators are self-financing and cater
to the audience in pursuit of high attention. Tend to cater to marketization, minority
culture is only its tool as a customer. Under the impact of the development of modern
society, some regions focus on local economic industries. Under the operation of
commercial mode, the media appear as “additional products” of economic activities.
The main purpose of communicators is to promote the development of local tourism,
attract more tourists’ attention and further improve the local economic level. In this
environment, the original intention of minority culture communication has changed
fundamentally, which is no longer a simple cultural communication, but an auxiliary
advertising platform for the local development of tourism industry. On the other
hand, in order to achieve the desired communication effect, the traditional art of
ethnic minorities will be commercialized “processing transformation”, such as the
remodeling of national heroes, the change of classical songs, the ridicule of national
culture, etc., the traditional art is divorced from the essence of national culture and
overcommercialized.

5 An Effective Path to Inheritance and Dissemination
of Non-posthumous Living State in the New Media Context

Ways to Promote the Effective Dissemination of Minority Cultures. It originates
from life and belongs to life, deeply rooted in the fertile soil of traditional culture, bearing
the memory of human civilization. Only in the specific cultural space or the paradigm of
religious ritual, the non-posthumous communication context and communication field
will slowly form. “Some Opinions on Strengthening the Reform of the Conservation
and Utilization of Cultural Relics” clearly put forward that it is necessary to “make good
use of traditional and emerging media, widely disseminate the cultural essence and the
value of the times contained in cultural relics, and better construct the [8] of Chinese
spirit, Chinese value and Chinese strength.

In the context of new media, we should take non-legacy as the breakthrough point
and research theme, actively grasp the law of network communication, actively explore
the way of non-legacy inheritance, and constantly strengthen the inheritance and propa-
ganda of non-legacy culture through various media platforms. [9] good results have
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been achieved in extending the inheritance mode and spiritual connotation of non-
posthumous culture by using the advantages of technology to expand the inheritance
scope of non-posthumous culture and deepen the communication space.

In a word, the social micro-communication mode plays an increasingly important
role in the process of information dissemination, and its communication power and influ-
ence can promote the effective communication of non-posthumous. From the long-term
consideration of how to useWeChat, Weibo and other newmedia micro-communication
platform to effectively spread non-legacy culture, this paper believes that we can start
from the following points:

1. deep excavation Lingnan Chao embroidery culture essence. General Secretary Xi
Jinping pointed out in the report of the Nineteenth National Congress of the Party:
“deeply excavate the ideology, humanistic spirit and moral norms contained in the
excellent Chinese traditional culture, and combine the requirements of the times to
inherit and innovate, so that the Chinese culture can show its permanent charm and
style of the times.” In the process of spreadingLingnanChao embroidery culture, due
to the lack of understanding and understanding of the cultural connotation of Lingnan
Chao embroidery, most of the reports on Lingnan Chao embroidery culture remain
in a relatively shallow layer. Only choose the content with the highest attention
to spread the report, but lack of cultural background, national tradition, national
customs and other essence of the deep excavation. Therefore, when using micro-
communication to spread Lingnan Chao embroidery culture, we should not stay
on the surface. It is necessary to dig and develop the historical story and cultural
background behindLingnanChao embroidery culture, increase the depth and breadth
of cultural information, provide unique cultural understanding for the audience, and
avoid misunderstanding of Lingnan Chao embroidery culture.

2. on the basis of “big data” to build Lingnan Chao embroidery cultural communication
chain. First of all, it is necessary for Lingnan Chao embroidery culture communi-
cation workers to change their thinking, establish big data consciousness, and look
at Lingnan Chao embroidery culture communication work from the “vertex” of big
data. Big data can provide a strong data base for Lingnan Chao embroidery cul-
ture communication. Second, speed up the integration of traditional media with new
media such asWeibo andWeChat. Traditional media are influenced by their mode of
communication and are limited in time and space. It is difficult to respond in the first
time. However, in the new communication environment, such restrictions should be
broken. Traditional media and new media should accelerate integration, form influ-
ence more quickly, integrate related resources, strengthen the use of official micro-
level and official blog, and enable the audience to participate more actively. At the
same time, open the barriers of “big screen” and “big screen”, “big screen” spread
“small screen” way, So that Lingnan Chao embroidery culture communication in
technical means, communication mode and other aspects have been effectively pro-
moted, so that Lingnan Chao embroidery culture communication more diversified,
forming a “big data” based on the three-dimensional communication matrix.

3. construction of Lingnan Chao embroidery folk communication mechanism. At the
same time, we should pay attention to the construction of our own folk communi-
cation mechanism and the cultivation of cultural communicators with new media
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professional literacy. For Lingnan Chao embroidery culture, the local people are
the most affected by their own national culture, they know their own national cul-
ture tradition and heritage, are born Lingnan Chao embroidery culture disseminator,
expression and inheritor, and they are also the most direct contact with the outside
world, this paper believes that it should be inspired as a national pride, this link
into a link with other ethnic groups, through them to spread the Chao embroidery
culture, should establish the Lingnan Chao embroidery culture communication prac-
titioners and the inter-ethnic people communication mechanism, regular training in
new media business knowledge, Let them understand the relevant operation mode
of learning micro-communication, effectively combine Lingnan Chao embroidery
traditional culture with new media communication, rather than just staying in “com-
mercialization” application. Cultivate a group of people familiar with Lingnan Chao
embroidery culture and professional technology, make it become the spokesman of
Lingnan Chao embroidery culture.

4. build a diversified communication system. In the process of spreading Lingnan
Chao embroidery culture, we should actively cooperate with various communica-
tion channels. The relevant comments of the official media have a particularly sig-
nificant impact on the communication effect of Lingnan Chao embroidery culture.
We should pay attention to strengthening the cooperation between Lingnan region
and official Weibo, WeChat public number, establishing diversified and multi-level
communication system, and improving the overall communication effect. Excavate
the content of Lingnan Chao embroidery culture with representative characteristics,
transform it into film, documentary, animation and other forms in Weibo, WeChat
and other micro-communication platform to spread and promote, by telling the story
of “LingnanChao embroidery”, attract users’ attention, let the audience feel the inner
charm of Lingnan Chao embroidery culture, deepen the understanding and cogni-
tion of Lingnan Chao embroidery culture, participate in the process of Lingnan Chao
embroidery culture communication, promote the dissemination and inheritance of
Lingnan Chao embroidery culture, and further stimulate national pride.

In a word, Lingnan Chao embroidery culture should form a diversified and multi-
level communication system based on “big data”, “Lingnan masses” as class back-
ground, and newmedia such asWeibo andWeChat as platform. On this basis, we should
gradually develop and innovate, actively study the latest communication ideas, contact
the most advanced communication platform, integrate and transform them, strengthen
communication and communication with traditional media, break down the “barriers”
between new media and traditional media, and finally establish the whole media culture
communication platform belonging to Lingnan itself.

6 Reflections on Enhancing the Cultural Power of Lingnan Tide
Embroidery in the Context of New Media

In the new media era, the bottleneck of Lingnan Chao embroidery culture communica-
tion is gradually disintegrating.With the help of newmedia platforms such asWeibo and
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WeChat, Lingnan Chao embroidery culture communication has a broader communica-
tion platform. Although various problems emerge in the actual communication process,
its important role in the process of Lingnan Chao embroidery culture communication
can not be ignored. Lingnan Chao embroidery culture dissemination should be aware of
its own advantages and disadvantages, make full use of micro-communication to learn
from each other, fully combine the characteristics of micro-communication with the cul-
tural connotation of Lingnan Chao embroidery, with the help of this “Red Sea Market”.
Lingnan Chao embroidery culture spread to a new height.

(i) Innovative Ways of Protecting and Inheriting. In the context of new media, the
media is becoming more and more diversified. Digital image technology covers more
and more encoded information sequences. Although it can not completely avoid the
problem of information loss or ambiguity, it can effectively reduce the misunderstanding
caused by subjective images. Because the use of image technology to record objects,
comparedwith the use ofwritten recordsmore objective, the public can repeatedlywatch,
compare and guess the recorded objects, from which to explore the “meaning” [10].
Through theoriginal holographic recording, themovement track, expressionpresentation
and emotional changes of the object, even the smallest emotional fluctuations will be
perfectly captured and accurately recorded, which is the biggest difference between the
image recording of the lens and the text written in the text described in the text in the
process of communication and the effect of communication. In this way, the innovation
of non-posthumous protection and inheritance. For example, the first batch of national
intangible cultural heritage list of lake pen production skills are preserved by image
recording. The lake pen making process includes 12 big processes, which can not be
omitted and reversed. Each big process contains several small processes, with a total
of more than 120 large and small processes. By recording the production technology
of lake pen in the way of image recording, it can objectively describe and explain the
cultural form of lake pen and lake pen itself. It can also promote the public to actively
participate in the protection and inheritance of lake pen production skills.

(ii) Promoting the Deep Exploitation and Utilization of Non-legacy. The use of new
media can objectively present the original appearance of non-heritage, such as digital
technology can comprehensively and systematically record all aspects of non-heritage
protection and inheritance, form archival data, develop and provide utilization of archival
data, formall kinds of cultural products, andpromote non-heritage into public view.Make
the non-heritage culture of “raised in boudoir unrecognized” knowable, touchable and
perceptible, so as to achieve the purpose of wide dissemination and universal education.
By means of new media technology and Internet technology, the inheritance, innovation
and development of non-posthumous are realized to the maximum extent, and “Internet
+ non-posthumous” has become a new mode of deep development and utilization of
non-posthumous. Such as, Huzhou’s “Silk Town” was successfully selected as the first
special town in Zhejiang Province in June 2015. Under the development concept of
“Internet + Silk”, we will actively expand the high-end modern service industries such
as “Silk + Leisure”, “Silk + Tourism”, “Silk + Ecological experience” and so on.

(iii) Expand the Living Space of Non-posthumous. By using new media technology
such as digital technology to record the original ecological space andfield of non-heritage
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culture, and to generate three-dimensional digital image system by virtual processing,
and then to build an online holographic digital museum, The concrete content and artis-
tic essence of non-heritage culture are displayed [11] living mode, so as to inherit non-
heritage culture to the greatest extent. Taking Huzhou Shuanglin Aya silk as an example,
Shuanglin Aya silk has a history of more than 4700 years and is known as “the flower
of silk weaving technology”. Aya silk production technology is an important part of the
Chinese silk weaving technology culture. If digital technology and three-dimensional
animation are used to record and reprocess the silk production technology, a new digital
culture form can be generated. Save it in the digital museum, just click the mouse, you
can see the virtual silk in a three-dimensional way panoramic display of its technological
evolution. In the context of new media, new media technology makes Shuanglin Aya
silk radiate new vitality and vitality again, which is of great benefit to cultivate the pub-
lic’s national cultural confidence and enhance the national cultural consciousness. 21
December 2017, The cultural project of Huzhou Chuanjia Town with a total investment
of about 15 billion yuan was formally signed at the Municipal Cultural Industry Devel-
opment Conference. This project takes the non-posthumous protection inheritance as the
important grasp, Relying on the natural scenery and cultural heritage of Huzhou, Deep
integration and [12] of historical humanities and scientific and technological innovation,
traditional culture and modern manufacturing, non-legacy culture and industrial upgrad-
ing. Currently, Huzhou actively explores the new mode of cultural tourism development
under the new media context, Focus on the construction of non-heritage home area,
preaching area and the three core modules, Strive to create a set of skills display, cultural
experience, curriculum popularization, product trading in one of the non-posthumous
creation space.

7 Conclusion

With the development of global economyand the acceleration of globalization, intangible
culture and traditional art are facing a strong multicultural impact. At the same time,
young people are not interested in traditional culture now. Make intangible culture and
traditional art successor talent missing. Because of the particularity of the industry,
the demand for employees is very high, the training time is long, the cost is high, the
return is low, the employees are more lacking, and it is difficult to inherit and develop.
Another difficulty in the protection of intangible cultural heritage is the lack of funds.
Although the government allocates part of the funds to the protection and development
of intangible cultural heritage every year, the development and utilization of intangible
cultural heritage is a huge system engineering, involving all fields and strata.

In short, there is no effective intangible cultural heritage protection system, its pro-
tection system is not perfect, social propaganda organization is not in place. Intangible
cultural heritage protection staff themselves lack of understanding of intangible culture,
specialization is not strong, leading to the formation of specialized intangible cultural
heritage protection team.

Under the new media environment, Lingnan Chaoxiu culture communication has
crossed the limitation of time and space, and is gradually eliminating the cultural gap
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between nationalities.Lingnan region should adhere to the cultural connotation of their
own people, strengthen the overall construction of Chaoxiu culture communication,
with the help of Weibo, WeChat and other new media development “dividend”, the
full integration of the two to achieve the Lingnan Chaoxiu culture communication and
new media development. It can not be ignored that the micro-communication mode
brings convenience to the spread of Lingnan Chao embroidery culture, but also has
some drawbacks, especially in the process of “involving national factors” and “social
hot events”. In order to achieve a special purpose, information is released without proof,
which causes negative social emotions, further forms public opinion and has adverse
effects on social stability. In order to avoid the adverse social influence caused by the
one-sided understanding of Lingnan Chao embroidery culture, every Lingnan Chao
embroidery culture practitioner should think and pay attention to it.
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Abstract. Recent years with the development of science and technology, vehicles
not only bring convenience to people but also require high quality to ensure the
safety of passengers. So, the frame of the car became stronger. In order to improve
the safety of the driver, and Consistent with the unity of the body, the car’s pillars
are also increasingly wide.

As A-pillar widens, their negative impact on the driver’s panoramic field of
vision increases [1]. At the same time, as the field of view becomes smaller, there
is an increased risk that the driver will ignore people or objects outside the vehicle.
A-pillar blind area refers to the blind area of vision during driving. Generally, there
are three pillars on each side of the car body, and the diagonal pillars on both sides
of the windshield are called a pillar. The driver’s field of vision will be partially
blocked by the A-pillar before the car turns or enters the curve, resulting in a
blind area in the field of vision [2]. In order to solve the A-pillar blind area, this
project studies the drivers’ different perception of sound frequency and rhythm
respectively which reflect the distance of obstacles. The results of the study show
that both the frequency and rhythm of sound improved drivers’ perception of blind
areas in their field of vision, and participants had clear preferences in showing
distance by sound frequency.

Keywords: Distance · Sound prompt · Safety perception · Traffic · Frequency ·
Rhythm

1 Introduction

Carmanufacturers are trying to keep you safe by building stable chassis around the driver
[3]. The survey found that in recent years carmanufacturers have sought stronger chassis,
as well as wider A-pillars to protect occupants. As a result, the vehicle’s panoramic field
of view has been decreasing in recent years. Drivers actually have a lot of blind spots
while driving, and manufacturers are developing side mirrors to ease the backward blind
spots, but people often overlook the forward blind spots caused by the A-pillar (also
known as the windshield pillar) [1].

In the actual design process, each automobile factory to minimize the a-pillar field of
view blind spot, the purpose is to reduce the resulting traffic accidents. But the problem
still exists, but the degree of reduction of manufacturers is different. Studies have shown
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that the covering Angle of A-pillar is between 6° and 12°, which is due to the width of
A-pillar [4]. Behind a A-pillar with a covering Angle of 6°, an object with a distance
of 50 m and a width of 5.2 m can be completely covered [5]. A study about “Body-
pillar vision obstruction and lane-change crashes” points out that lane change crashes
are increasing with wider A-pillars [6]. In recent years, more and more traffic accidents
have been reported in the society because of the forward blind area, and people have
gradually realized that the visual blind area caused by A-pillar can have a very bad effect
on driving. That’s why we start with the A-pillar to solve this problem.

Hearing is the secondmost important channel of communication to the outsideworld.
There are many indications that sound is suitable for representing higher-dimensional
data without overloading the user. Sound displays are ideal for situations where there
are many variable parameters or multi-dimensional complex information must be mon-
itored simultaneously. Sound information can be coded in one dimension by using a
single feature such as the intensity, frequency and duration of the sound, or in multiple
dimensions by combining several features of the sound [2].

The double-ear effect, people through the ears to perceive the external sound. Not
only the intensity of the sound, tone, but also can determine the location and distance of
the source of sound. Then combine the following two points, first, turn the head to form
a multi-point positioning. The most common practice at this time is to subconsciously
shake the head. in this way, forming multiple points in space, the brain positioning a
sound source in three-dimensional space more than enough. Second, using the human
body itself and the surrounding effects on sound. Because people do not rely on two
tympanic membrane alone to distinguish sound. sound can be transmitted throughout
the human body, especially the skull, so that more than two points can be calculated to
be used to locate.

In order to conduct reliable and feasible experiments, we need to choose a suitable
element among various elements of sound that have a unified standard of measurement
and are not easily influenced by the external environment. Among the commonly used
attributes of sound, loudness is easily affected by the external environment, and the
volume can be adjusted artificially. The timbre between belong to the nonlinear change,
the variety is various, so timbre is out of our consideration. After analysis, we selected
the frequency and rhythm that can clearly show the difference and can be standardized
according to the numerical value for comparison test [2]. Sound information can use
single factors such as loudness, frequency and rhythm of sound as independent variables,
and can also combine several factors of sound to transfer information [7].

2 Research Question

A-pillar is an important part of every vehicle and has a great influence on the stability of
the vehicle. If there is no A-pillar, when the car has a violent collision, the car is more
prone to deformation, seriously endangering the lives of the occupants. The A-pillar
not only makes the car stronger, but also plays an important part in the impact. So, it is
impossible to remove them without changing the way carmakers make cars today [1]. In
this case, in order to minimize its influence on the driver’s visual field, the idea proposed
in this paper is to help the driver reduce the influence of the blind zone to some extent by
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setting the obstacle distance warning sound in the car, and possibly avoid some dangers
other than obstacles in the blind zone of the visual field. According to the results of the
preliminary survey, as a common prompt sound element, sound is easy for subjects to
understand and has many forms, thus becoming the subject of our experiment. Based on
comprehensive consideration, we proposed the following research question: Which of
the different forms of obstacle prompt sound can better enhance the driver’s perception
of obstacles in the forward blind area? Therefore, in order to carry out preliminary
experiments, we need to set up experimental models with strong operability and high
similarity to the reality.

3 Related Work

Among the fatalities in 2015, the number of pedestrian fatalities was 5376. It is a 9.5%
increase from 4910 pedestrian fatalities in 2014 (National Center for Statistics and Anal-
ysis, 2017). The Governors Highway Safety Association predicted an 11% increase in
pedestrian fatalities on U.S. roadways [8]. The National Motor Vehicle Crash Causation
Survey (NMVCCS), conducted from 2005 to 2007, reported that around 94% of traffic
crashes are at least a result of human error [8]. And one of the reasons for these human
errors is the A-pillar blind area. In order to better solve the hidden danger of A-pillar
blind area, many automobile manufacturers in this problem. A common solution is to
open triangular Windows. However, such a design will reduce the visual range of the
mirror (see Fig. 1).

Fig. 1. Automobile manufacturer’s triangular windows in front window.

There are also some concept cars that better demonstrate the design conjecture to
solve the problem of A-pillar and blind area of vision, such as the use of hollow A-
pillar. The idea is very bold, but it is still in the conceptual stage, whether the real mass
production is still an unknown (see Fig. 2) [9].

Hyundai and Kia have reportedly applied for a patent aimed at solving the A-pillar
blind spot problem. The patent is called “pillar display system for blind spot of vehicle.
The patent USES a camera and a projector system and is applied to A-pillar, where
the camera will take images from inside the vehicle and use the projector to project
onto A-pillar to provide the driver with an image of A-pillar’s blind area. In the patent
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Fig. 2. Automobile A-pillar with cutout design.

application, Hyundai and Kia used a pedestrian test to show that the technology is safe.
But when driving, the driver’s judgment is the deciding factor. Even a slightly delayed
display can have a huge negative impact, increasing the risk of driving (see Fig. 3) [10].

Fig. 3. Application of time projection formed by camera and projector on a-pillar of automobile.

4 Method

To solve the question raised above, we decide to make videos to do a user research. The
videos simulate a scene that a pedestrian blocked by an A-pillar approaching a vehicle.
During the experiment, the participants are asked to wear headphones to watch all videos
in a quiet room, and to fill in tables. Through the sorting and calculation of the final table
data, we can get the comparison of two different auditory feedback in some aspects like
understandability and etc.

5 Experimental Preparation

We published recruitment information on the Internet to find volunteers to participate
in the experiment. Thirty participants were recruited from the age of 18 to 20 who have
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already had their driver license. They were all students, healthy, with normal vision and
hearing level. In addition, each participant was rewarded with a dessert worth 0.83 euros.
The confidentiality agreement documents required for the experiment, laptop (XiaomiMi
Notebook 15.6), headset, two tables, and experiment videos (auditory feedback included)
are prepared.

6 Auditory Feedback

We use Adobe Audition CC 2019 (a professional audio editing software) to make our
auditory feedback. As mentioned above, we choose to use the rhythm of the sound and
the frequency of the sound to show the change of the distance between the obstacle in the
blind area of A-pillar and the vehicle. The rhythm range of auditory feedback is from a
slow speed about 1,670ms/note (0.6 note/sec) to 167ms/note (6.0 notes/sec) for fast, and
the frequency range is 299 Hz (low)–5553Hz (high). The range of rhythm and frequency
change is carefully set by us. According to the research and investigation, the rhythm
change can be better recognized by people within this range [11], and the frequency
range can be better recognized by people under the fixed loudness (60 dB) [10]. The
range of the distance (from obstacle to vehicle) is 1–5 m, and each meter corresponds
to a piece of audio. Therefore, the sound rhythm change and sound frequency change
correspond to five audio segments (see Fig. 4). The first audio is displaying distance
by sound rhythm. When the obstacle is within five to four meters of the A-pillar, the
sound rhythm is 1667 ms/Note (0.6 note/s) (slow). As obstacles get closer, the rhythm
of the sound will become faster and faster. When the obstacle is within one meter of
the A-pillar, the rhythm of the sound will reach 167 ms/Note (fast). The second audio is
displaying distance by sound frequency. Similarly, as obstacles get closer, the frequency
of sound will become higher and higher.

Fig. 4. The sound rhythm change and sound frequency change correspond to five audio segments.

7 Experimental Video

Because the video has both visual and auditory information processing channels, and
has a high degree of participation and guidance, we chose to watch the video as an
experimental method [11].
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We used the director mode in the game Grand Theft Auto V to record the required
experimental video which simulate the scene when the pedestrian who was completely
blocked by the A-pillar from view of the driver’s seat gradually approached the vehicle.
In the whole simulation scene, we chose a piece of open space on the beach, the time is
8 o’clock in the morning, and the car is a black SUV. Pedestrian are completely within
the range of A-pillar in the driver’s view, and walk slowly to the vehicle from a distance
(see Fig. 5).

Fig. 5. Pedestrian and car.

7.1 Top Perspective

First,wemade a video to let the participants know the audio corresponding to the different
distance of obstacles from the A-pillar in advance. Therefore, we ask the participants
to listen to the corresponding audio of five meters to one meter when watching the first
video. In the video, from a top perspective (see Fig. 6), they can clearly understand the
distance between the obstacle (the pedestrian walking closer to the car in the video) and
the car. There are two such videos, one is to let the experimenter understand that the
change of sound rhythm indicates the change of distance, and the other is the change of
sound frequency to indicate the change of distance.

7.2 Driver Perspective

Second, after the participants understood the audio corresponding to the distance, we
started to play the second video to allow the experimenter to truly experience the distance
of the pedestrian that the audio display is blocked. In this video, the participants in the
driver’s seat can’t see the pedestrians blocked by the A-pillar outside the car (see Fig. 7),
but the distance of the pedestrians is actually changing (The order is 5 m, 3 m, 1 m, 4 m,
2 m). And different distances correspond to different audio (see Fig. 4). The video is
paused five times for five different distance between the pedestrian and car where the
corresponding auditory is also played. So, the participants can take their time to make
their distance judge by only hearing the audio because the pedestrian is completely
covered by the A pillar and fill out the form that lists the audio in turn.
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Fig. 6. Top perspective.

Fig. 7. Guessing the distance by auditory feedback.

7.3 Top-Side Perspective

Third, after the participants make a distance judgment, we need the participants to score
the personal impression of displaying distance by the sound which includes Distance
Showing,Understandability,Vision Improving,DistractionDegree andUserExperience.
The score is set to 1–5 points, of which 1 point is not helpful and 5 points is very helpful,
except in the Distraction Degree item which 1 point is very distracted and 5 points is
non-distracted. Therefore, we will play the third video. From a side-up perspective (see
Fig. 8), the participants will see the change in the distance of the blocked pedestrian and
the corresponding audio in the second video, so they can find out if their guess is correct.
They value the effect of perceiving distance by the frequency change or rhythm change
on improving the blind area of A-pillar and then rate this process.
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Fig. 8. Side-up perspective.

8 Experiment Process

The experiment is conducted in a quiet indoor environment. Volunteers need to fill in our
confidentiality agreement before starting. To carry out the experiment, it is necessary
to wear earphones and watch videos. First, watch the three videos in the rhythm part.
When watching the second video, you need to guess the distance and fill in the table.
After watching the third video, you need to fill in another table. The process of the
frequency part is the same as that of the rhythm part. After the experiment, participants
need to submit two completed tables. We use the average data processing and variance
data processing methods for data processing.

9 Results

For objective and visual analysis of data, we processed the data by calculating the mean
and standard deviation to obtain the average correct rate of the participants’ guesses
about the distance and their average personal impression of the experiment [1]. The
result is as follows.

9.1 Distance Displaying

Average distance estimation of the participants is showed in the Table 1 below. If the gap
between the average value and the correct value is small, it means that the participants’
judgment on the distance ismore accurate, on the contrary, if the gap is large, it means the
participants’ judgment on the distance is less accurate. The result shows sound frequency
changes show greater accuracy in estimating distance.
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Table 1. Average distance estimation and standard deviation (SD) in meters.

Sound rhythm Sound
frequency

Distance Mean/SD in m Mean/SD in
m

1 m 1.17/0.37 1.17/0.37

2 m 2.33/0.76 2/0.58

3 m 2.67/0.74 2.83/0.37

4 m 4/0.58 4/0.4

5 m 4.83/0.37 5/0.4

9.2 Personal Evaluation

The personal evaluation is showed in the Table 2 below. The higher the score, the higher
the participants’ satisfaction with this method. Otherwise, the smaller the score, the
lower the participants’ satisfaction with this method. We know by comparison that the
results in the Table 2 also showed that displaying distance by sound frequency is more
popular among the participants.

Table 2. Average personal rating between 1 and 5.

Sound rhythm Sound frequency

Mean/SD Mean/SD

Distance showing 4.33/0.75 4.67/0.47

Understandability 4/0.82 4.75/0.38

Vision improving 3.67/0.75 4.17/0.69

Distraction
degree

4.67/0.47 4.74/0.38

User experience 4/0.58 4.33/0.69

(1–5 points, 1 is not helpful while 5 is very helpful).
(1–5 points, 1 point is very distracted, 5 points are not distracted).

10 Discussion

In Table 1, by observing the overall data, we can conclude that participants have a higher
accuracy rate in judging the distance of obstacles (pedestrian) blocked by the A-pillars
by sound rhythm or frequency. While judging the distance of obstacles (pedestrian)
blocked by the A-pillars by sound frequency got a little bit lower accuracy rate by the
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participants. The error of sound frequency display distance at 4 m and 5 m is very small.
This can indicate that both methods of distance display by voices allow participants to
judge distances more accurately. It is obvious that participants can finish this experiment
easily.

In Table 2, through data analysis, we can find that participants’ scores on the effect
of distance display and their understandability are high, which indicates that both kinds
of displaying distances by sound can be better understood by participants and help
participants better know the distance of pedestrian. The user experience score is also
high, so we can conclude that participants’ overall experience with this experiment is
good.

At the same time, from the overall data analysis, it can be seen that the overall score of
showing distance by sound frequency is higher than showing distance by sound rhythm.
Some participants thought that when the distance changes the sound volume is same,
the change of the sound frequency is more obvious than the rhythm change, and it is
easy to distinguish. Some participants also think that it may be because high frequencies
can give people a stronger auditory stimulus than the rhythm change, so they can have
a deeper memory of it.

In general, the experimental results show that both showing distance by sound fre-
quency and the showing distance by sound rhythm can improve the driver’s panoramic
vision blocked by A-pillar. The distance displayed by the sound is clear and easy to
understand. Most participants thought that showing distance by sound frequency is eas-
ier to distinguish, which is a more supported solution to the A-pillar blind zone among
the participants.

11 Conclusion and Future Work

The result shows that the two kinds of change of sound in the experiment is very good
in showing the distance, and the sound frequency gets slightly better impression.

At present, due to safety and condition constraints, the experiment currently allows
participants to experience the progress by watching videos. In the future research, we
will create a more realistic simulation of a dynamic driving environment and developed
an improved solution that is more suitable for balancing internal and external noise in
special scenarios.

In the field of autonomous driving, there are also tools for detecting obstacles by
external devices, such as detecting other vehicles or bicycles, motorcycles, and pedes-
trians [12]. In autonomous vehicles, various functions are controlled by software and
hardware together, and these functions can work independently without people. Such
automation technology can reduce driver stress, improve safety for all users on the road,
and reduce fuel consumption [13]. However, in the process of autonomous driving, the
driver finds that humans cannot completely rely on autonomous driving, and that auto-
mated vehicles have certain limitations [14]. In vehicles, auditory interaction is a tool
for communication or warning. It can also keep the driver’s attention to a certain extent
[15]. Therefore, the on-board auditory feedback device can not only improve the driver’s
traffic safety during the automatic driving process, but also remind the driver to keep
their attention.
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Also, some studies have shown that drivers have a good opinion ofmaking 3d prompt
sounds in blind spots [12]. Therefore, in future work, wewill consider installing auditory
feedback on two different A-pillars in the car. When an obstacle is encountered, only
the corresponding audible feedback will be played (left or right), which can reduce the
driver’s distraction in judging the direction of the obstacle.

This experiment reveals that showing the distance by the sound rhythm change and
the sound frequency change can improve the panoramic view of the driver. The sound
catches the driver’s attention so as to rise their awareness of possible obstacle. This study
provides an auditory solution to the blind area of the A-pillar, which has proven to be
feasible and effective.
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Abstract. Young people aged 18–24 are the main force of consumption in China,
are more inclined to buy self-driving cars and are willing to pay higher prices,
which makes them an important potential user of autonomous vehicles. Auto-
mated vehicles seem to provide more possibilities in terms of independence and
safety. In order to explore the user needs of the young people, we set up a study
based on semi-structured interviews and a role play. Our results demonstrated that
90% of the young people (n = 20.) are pleased to drive the automated vehicles,
they are looking forward to the aging of automated driving. The remaining 10%
of young people were unwilling to try out automated driving systems owing to the
nondeterminacy and suspicion (fear of mechanical failures), and they are deeply
worried about safety. In the exploration of demand, regardless of the level of
acceptance, young people have shown a high demand for safety and security facil-
ities. In addition, we have explored the needs of young people for entertainment
and human-computer interaction. This will likely provide arising opportunities for
young people.

Keywords: Automated driving · Young people · User needs · User study ·
Semi-structured interviews · Role play

1 Introduction

In China, young people are a huge potential user for autonomous driving. As of 2017,
the youth, aged 18–24 ,accounted for 32.4% of total consumers, ranking first in all age
groups, is the main consumer group in the future. At the same time, according to data
from the 2019 Automotive Consumer Survey, Chinese consumers are still generally
optimistic about the potential advantages of autonomous driving [1]. In addition, Ben
[2] has found out that young respondents were willing to pay (WTP) the most, $8,921
or 36% above the initial purchase price, compared to the average WTP of 24% above
the purchase price.

On the other hand, in China, due to the low rate of private car ownership in China, a
lot of young drivers appeared after passing the driving tests. They were called “carless
young drivers”, mostly aged between 18–25, already own a driver’s license but have little
chances to practice driving skills on account of owning no car. So the safety problem
related to them has aroused great attention in China. The study showed that young drivers
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who don’t have their own cars made far more mistakes, attention lapses, and violation
behaviors than those who do [3]. Previous researches have shown that the more likely
causes of traffic accidents among young driver are a large quantity of decision mistakes
(e.g., improper speed), dangerous driving action (e.g., one hand driving), distracted
driving (e.g., using mobile phone) and the existence of peers. Although inexperience
may have played a part, a plenty of these accident-contributing factors infer poor driving
skills. In recent years [4], the road traffic problems caused by young drivers have caused
widespread concern in China, and this problem may also became a situation commonly
faced by developing countries with similar national conditions and driving environments
as China. If this technology is integrated into the lives of young people, it will generally
improve the driving standards of young people and greatly reduce the chance of accidents
[5]. Therefore, it is necessary to explore and analyze the needs of the main consumer
group of young people, while trying to meet their needs. According to a McKinsey
survey [6] of about 3,000 consumers in the United States, China and Germany, young
people living in big cities more interested in automatic cars. In this work, we analyze
exploratively the needs, problems, challenges and the future opportunities of young
people in regard to highly automated vehicles (SAE level 4 and 5). By the results, we
want to find out how the automotive industry should act for the sake of providing better
services to the target group.

2 Related Work

Existing surveys [7] have shown that people are generally positive about automated
vehicles. However, these researches ignore that automatic cars have different degrees of
automation, and that User Experience (UX) and User Experience Acceptance (UA) with
automatic systems diverse in terms of system autonomy. Several studies have shown
that not only the apparatus itself, but driver’s characteristics such as age, gender and
experience have an influence on acceptance of ADAS and automatic vehicles. Joshi
[8] et al. find that personality aspects are related to the ADAS’s acceptable level. Holtl
and Trommer [9] show that drivers who have used navigation equipment have lower
acceptance to them than people who have not. Piao [10] et al. find that men and younger
drivers are less pleased to spend money on the Intelligent Speed Adaptation System
(ISAS) than women and older drivers. In another study, Haboucha, Ishaq, and Shiftan
[11] found that the youngsters, students and the people who are more educated will be
early adopters of automated vehicles and will spend more time on cars.

In terms of exploring users’ needs, automated driving brings different needs of user.
An important aspect mentioned by Kun [12], Boll, and Schmidt publishes so-called non-
driving related activities or tasks (NDRAs): the “driver” can get a variety of activities and
can put their hearts into these activities (for example, putting something down, playing
games)when the driving is highly automated or fully autonomous. AsKun et al. specially
mentioned, cars can be considered as a place to increase productivity and entertainment.
This biases the research focus of needs towards NDRA. Investigations in these areas
have been carried out by carinsurance.com,McKinsey and J.D. Power [13] and they have
investigated the question ofwhat the driverwill “use of the newly released time”. Sending
message and communicating were the most constantly mentioned activities (26%), and
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“others” accounted for 21% (including enjoying the scenery along the way), besides,
“reading” accounted for 21% followed closely. In addition, “sleeping” accounts for 10%,
“watching a movie” accounts for 8%, “playing games” accounts for 7%, and “working”
accounts for 7%, these activities were not mentioned often. In the research of Pfleging,
Rang, and Broy [14] they made specific research on user’s needs in NDRA. Due to
technical limitations, analyzing users’ needs regarding highly automated driving (HAD)
is different from studying traditional AutoUI now. In order to estimate future usage
in the absence of users’ HAD experience, they used WEB SURVEY, CONTEXTUAL
OBSERVATION: SUBWAY, and IN-SITU INTERVIEWS IN SUBURBANTRAINS to
survey users’ needs for NDRA. And their final findings show that in addition to highly
common activities (chatting with passengers, enjoying music), daydreaming, texting,
having something to eat, surfing on the Internet and making phone calls are the most
needed activitieswhen people can drive highly automated. Andwe can know the portable
and omnipresent multimedia applications’ potential through it.

Althoughprevious studies have shown that people broadly are optimistic about highly
automated vehicles, the research does not give a consensus, and the controllability and
acceptability of these systems is still a disputed issue. Our research’s purpose is explor-
ing the acceptance of young users (ages 18–24) for automated vehicles at L4 and L5
levels. We asked questions by simulating scenes inside autonomous vehicles for the
group of people. And we specifically explored the acceptance and demands of young
people for highly automated vehicles through the data analysis. In the experiments of
Rodel [15] et al. they mainly used online surveys to conduct research, and described dis-
parate standings of autonomy in the shape of scenarios, which can enable participants to
visualize disparate standings of autonomy. However, in the experiments by Rodel et al.,
participants scored their acceptance based on imagination rather than actual experience.
While in our study, participants were placed in a small room to simulate the autonomous
driving scenarios. These increases the realism of the participants’ experience and can
further obtain more accurate data. Previous research has shown us the NDRA needs of
users in automated driving, but they have not investigated the specific needs of specific
group of users, and the setting of the scene is to simulate the autonomous driving scenar-
ios through existing public transport. In terms of exploration users’ needs, it is limited to
the needs for NDRA and does not study other types of requirements. The research area
to explore users’ needs is expanding, and it is necessary to study the specific needs of
specific group of users. Therefore, we have specifically divided users based on previous
research, and try to expand from as many as possible when exploring requirements.
Mining the subjective needs of users, and then further tapping the potential needs of
users.

3 Method

To investigate the attitude of young people towards automated driving detailed, we
conducted semi-structured interviews and organized a role play.
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3.1 Interviews

We used a semi-structured interview method and recorded each subject to discover the
acceptance and trust of the young people in automated driving, we used a semi-structured
interviewmethod and recorded each subject. We interviewed a total of 16 subjects, these
subjectswere 18 to 24 years old. These resultswere usedwhen setting up our role-playing
scene. At the end of the interview, the five-point scale was used to respondents to rate
their overall acceptance of autonomous driving, and used this to classify them into high,
medium and low acceptance groups [16].

3.2 Role Play

A total of 8 participants participated in the role-playing, and some of them have par-
ticipated in previous interviews. We set the role-playing scene in a similar environment
to the interior of the car. In role-playing, we let two familiar participants execute exer-
cises together, because our interview experience shows that they will be more willing to
express, but a larger team sizewill reduce the efficiency of the express. Asking about their
demographic information and the acceptance of autonomous driving (mainly those who
did not participate in the first interview) is the first step. Then, we showed them a video
about the development concept of the future autonomous vehicles and a video showing
the first perspective of autonomous vehicles. Watching the videos is for the sake of clar-
ity. Afterwards, we explored the subjects’ expression in different scenarios, which were
developed based on the previous interviews and “eight levels of requirements” [17]. This
“eight-level requirement” was once used to explore the requirements in product design.
Subjects need to answer several questions witch we set in advance in the “automated
car”. During the experiment, the interviews of all subjects were recorded throughout
the course, and their statements and behaviors were analyzed in the subsequent research
process. We use qualitative analysis to analyze our interview data. First, we summarized
several theme guides based on the questions we asked, and then formulated questions
integrating post-it notes before discussion and during the interview. The combination
of these topics and finally formed a thematic framework, which is used to analyze the
respondents’ quotes. By combining the results of our analysis with the results of the
interviews, we finally gained a preliminary understanding of the acceptance and needs
of young people for automated driving.

3.3 Question Settings

The questions were developed based on the previous interviews and “eight levels of
requirements” (Fig. 1). Firstly, we raised a few general questions in different aspects
through “eight levels of requirements”, then we made Q & A post-it notes based on the
initial answers of the users in the role play. After getting these post-it notes, we based on
the initial answers and subjects replies to post for further scene settings and questions
to get the specific needs of the user (Table 1).
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Fig. 1. Eight levels of requirements

Table 1. Question settings

Eight levels of
requirements

Questions

Human-machine interface 1. Is it necessary to add a tracking line? (In the
videos)

2. Is it necessary to add voice navigation?
3. Wanted control system (input and output)

(audio/visual/touch)
4. Is it necessary to connect with another

autonomous vehicles?

Exception control 1. Demand in emergency situation (before and
after)

Extended functions 1. Special needs (In addition to the basic
functions)

Basic functions 1. Fundamental requirements (seats, windows)

Cost, time, human, resource None

Technical limitation 1. Demand for autonomous driving levels
2. Improvement of specific technology

Social laws, technical regulations or other
mandatory criterial

1. Legal needs

Natural laws and rules None
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4 Result

4.1 Acceptance of Young People

Our interviews show that 90% of the participants are willing to drive autonomous vehi-
cles. Highly acceptance accounts for 60%, medium acceptance accounts for 30%, and
low acceptance accounts for 10% (Table 2).

Table 2. Acceptance of young people

Mostly are enthusiastic of this progress and expect the coming of automated and
AI age. Almost half of high acceptance subjects stated they will give priority to cars
with self-driving capabilities when buying a car. However, most of them don’t trust
the technology deeply and worry about security issues recently. The remaining 10%
pointed out, that that artificial intelligence is always untrustworthy. They are extremely
distrustful of automated vehicles and doubt to the technology. Many of them point out
that they will never drive or take automated vehicles.

During the role-playing process, most participants stated that after watching the
introductory video, there was an increase in trust and acceptance of autonomous driving.
Therefore, we guess that the fear of unknown things is the source of most people’s
distrust of autonomous vehicles. Once this new thing materializes in their minds, their
acceptance of such things will increase to extent. Through the interview, we learned that
due to media reports on autonomous vehicle accidents and the lack of popularization of
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automated cars, making the technology is a major concern for participants, and it also a
key issue that affects whether they accept autonomous vehicles.

Meanwhile, the government should strictly control the use of autonomous vehicles,
and promulgation relevant laws and regulations, especially the resolution of the problem
of liability for accidents in autonomous vehicles, will greatly increase user trust.

4.2 Needs of Young People and Further Chances

Through analyzing qualitative data [18], we sorted out the analysis ideas and methods
(Table 3).

Table 3. Analysis ideas and methods

We first asked the subjects questions and asked them to write their answers on post-it
notes (Fig. 2).
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Fig. 2. Subjects answers

Then we summarized the subjects’ answers on post-it notes, and asked in-depth
questions about the parts that could be further explored (Fig. 3).

Fig. 3. Summary

In the end, we summarized the research results into the following table according to
the set questions (Table 4).

It is important to solve the problems of young people’s daily travel and safety. Under
normal circumstances, young people do not have a lot of property at their disposal.
The vehicles they mainly come into contact with daily are still public transportation or
private cars of others, themselves have little or even no driving experience. In daily travel,
young people’s travel methods are very diverse. Public transportation, sharing bicycle
and their own motorbikes are the most commonly used vehicles. However, even if there
are multiple ways to choose from, they said that they still have troubles in weather and
impact of insufficient bicycle resources.
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Table 4. Questions

Requirements Results

Social laws, technical regulations or other
mandatory criterial

1. Law on attribution

Technical limitation 1. Prefer L5 automated car
2. High-performance cars
3.The identification range and dentification of
the car are not affected by the environment
4. New energy

Basic functions 1. Window with single or adjustable light
transmittance and large field of view

2. Flexible seats
3. Excellent shock absorption device for office

study

Extended functions 1. Information recorder (like the black box of an
aircraft)

2. Entertainment device (easy to store)
3. Kitchenette facilities
4. Medical equipment
5. Connected with internet

Exception control 1. Automated alarm (post-accident)
2. More responses (preceding-accident)
3. Timely remind

Human-machine interface 1. Alarms of tracking box
2. Voice and gesture interaction

Automated Cars Level
In terms of the choice of automated cars, they said that they prefer L4 self-driving cars
to L5 self-driving cars because they currently have low trust in self-driving cars. They
are more willing to go intervene in autonomous driving for the response procedures
provided by autonomous vehicles in emergency situations, and thus are more at ease.
They also think it is necessary to have an information recorder like the black box on
an airplane. Nonetheless, most of them said that they are looking forward to the era of
autonomous driving, but also said that they will buy it until the popularity of autonomous
vehicles reaches a heavy population.

Technology and Law
For the needs in technology and law, young people hope that use automated cars with
security technology and stronger laws. “If there is a car accident, whose responsibility
is it? I didn’t drive but sitting in the car, whose responsibility is it?” Asked by a subject.



Automated Driving: Acceptance and Chances for Young People 191

Privacy
Further requirements are having privacy in car. Young people tend to have single light
transmission or glass with adjustable light transmission performance windows which
can also provide large field of view.

Chair Setting
For the chair settings (Fig. 4), they would like to be rotatable, movable and foldable,
and the interior of the car can be flexible to adapt to various scenarios. Some people
have suggested that the seat can be laid flat and then spliced to form a bed. Others have
suggested that the interior of the car should be able to change color and style. Young
people also demand office and entertainment. They pointed out that the car should be
equipped with excellent shock absorption devices so that they can read and write along
the trip. Subjects also wanted a small table that could be folded and stowed, which some
said can be combined with a chair. Young people have a variety of entertainment needs
(Fig. 5).

Fig. 4. Subjects placed chairs

Fig. 5. Subjects placed chairs

Entertainment
Manymentioned that theywant to install a projector in their car for them towatchmovies
and television. Entertainment devices such as computers and game consoles in the car
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which are easy to store also be referred. “It’s better to be stored, and the space will look
like more comfortable in that case”. Said by a subject. In addition, almost all subjects
mentioned the need for a small kitchenette, they said that they hope to do same cooking
while commuting to save time. It has also been mentioned that it is desirable to provide
a space for a picnic device in the car.

Emergency
As almost all the subjects are confused and nervous about how automated vehicles
handle emergency situations, it is necessary for vehicles to meet their emergency needs.
All subjects said that automated cars need to be equippedwith emergencymedical boxes,
they hope that the car can provide themwith more medical assistance in order to respond
to emergency situations after the accident.

Before an emergency, quickly analyses of multiple situations are be required. At
the same time, they want the car to quickly alert people in the car to prepare. After the
emergency, they all want the car to have an automatic alarm function. Some people said
that the car should call immediately to save rescue time, and most of the subjects hoped
that the car could ask them if they want to call an ambulance before action to avoid
unnecessary personnel consumption.

Voice Assistants
In terms of interaction, they prefer intelligent voice assistants to gestures to facilitate
their manipulation of the car. “I feel that there(gestures) should be a lot of mistakes. It is
the same case with mobile phones, and you gestures may not be fully recognized.” Said
by a subject. They desire to focus more on voice feedback. They don’t need real-time
voice of the car to tell them what the car is going to do. They state that it will disturb
them to rest. But they desire to be reminded when the car makes more wild movements,
such as a sudden braking. And they also want the car to have more intelligent voice
navigation, for example, when the car drives to a famous scenic area or representative
landmarks in a non-resident city, it can give them a brief introduction and report whether
the current scenic area is crowded.

Front Windshield
Most interviewees pointed out that they need self-driving cars to show their identification
of the surrounding environment on the front windshield, but there are differences in the
level of detail in the selection of objects. The young people with low acceptance of
autonomous driving desire to select only small objects that they can’t notice, such as
roadblocks and distant pedestrians, because they have the strongest needs for driver-
assistance. It will not obstruct their view of the front, and facilitate them to drive. Some
highly-accepted young people desire to show everything on the road so that they can
know the road conditions even in foggy weather or other extreme weather. At the same
time, they can also know what self-driving cars have specifically identified. And some
highly-accepted young people desire to switch between the two modes.

Association
A part of interviewees believe that it is necessary to conduct road condition analysis by
linking with other autonomous vehicles, but they expressed their concerns about privacy
leaks at the same time.
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5 Conclusion

Most young people aremore receptive to autonomous driving for it brings convenience to
people and saves people’s time. At the same time, autonomous driving systems improve
the driving safety of young people and other drivers, which can effectively reduce acci-
dents. Through our research, we found that increasing the expenditure on autonomous
driving technology and the publicity of realized technologies can strengthen the sup-
port and trust of young people for new technologies to a certain extent. We found in
interviews that the distrust of automated cars among young people who do not accept
automated cars is mainly related to safety restrictions.

Therefore, meeting the young people’s needs for safety is an important opportunity
for such people to more accept automated cars. In role-playing, we found that young
people like flexible interiors and have high storage requirements for other extended
functions. They are looking forward to the convenience that high technology brings to
life, but they are skeptical of the technology itself. People who have low acceptance of
autonomous driving prefer to use this technology to assist themselves in driving. There-
fore, the improvement of autonomous driving technology and interaction technology is
necessary. At the same time, most young people hope to buy their own automated cars
when autonomous driving has become widespread.
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Analyze the Impact of Human Desire
on the Development of Vehicle Navigation

Systems
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Abstract. The driving environment of automobiles is developing towards diver-
sification and the navigation system in automobiles is also undergoing subversion.
But understanding people’s desire has become the key expectation of the future
development of a navigation system. To better analyze the impact of human desire
on the development of vehicle navigation systems, a design method based on
human psychological needs is adopted. The participants were divided into two
groups: 10 aboriginal people (generation info.) in the information age and 20 pro-
fessionals in society (professional); The two groups of interviewees have very
different growth experiences, and they have different experiences in life scenarios
and navigation systems. In-depth interview and analysis of them will help to dis-
cover the real internal needs of people today. The five-in-one research framework
is used to design a series of problems, according to the experience of vehicle nav-
igation system, which to explore people’s internal needs and the potential devel-
opment of automobile navigation. Through analysis, six themes related to human
desire and car navigation were obtained. Two groups had significant differences
in their views on a few numbers of themes. Professional group (generation info.)
tends to think of it as a simple guidance tool when using a navigation system,
and the emerging generation (generation info.) prefers to discuss the extension
and additional applications of navigation systems based on the emotional attach-
ment. Finally, we conducted further discussions on the results of the two groups
of members, and conceived the future development and extended application of
the vehicle navigation system based on needs and emotions.

Keywords: Navigation system · Human desire · Automobile · In depth
interview · Topic resolution

1 Introduction

The development and popularization of information technology have transformed the
positioning and role of vehicles in modern people’s lives from simple vehicles to an
important part of daily life, and there has been a demand for the further development of
intelligent vehicle-mounted equipment.

Moreover, as mobile digital devices such as smart phones are gradually being
expanded in all aspects of life [1], the integration and connection of these smart devices
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and vehicles is also the focus of today’s drivers [2]. In the foreseeable future, allowing
the occupants in the vehicle interior environment using various applications on devices
or mobile devices can provide more convenience and comfort for the car to travel [3].

Due to the inherent car, along a particular road transport from the functional prop-
erties of a point to another point; in these devices and systems for occupants navigation
device is closely related to the car’s driving contact is particularly prominent.

Navigation devices have a variety of forms of existence and interaction in vehicles,
all of which emphasize practicality and ease of use. However, in the existing studies,
quantitative studies, such as technology and ergonomics, have always been dominant [2],
and only a few studies have attempted to qualitatively explore the relationship between
people’s desires and needs and the vehicle’s navigation system. However, the traditional
quantitative method may not be able to effectively describe human desire and other
indicators, so it cannot provide strong support for the design of navigation system.

Therefore, we adopted in-depth interviews and topic analysis methods, citing the
User sample selection hierarchy chart, in order to recruit the professional group of inter-
viewees; At the same time, we recruited another group of interviewees in the information
age, and formulated a detailed research design plan, and then Conducted multilateral
semi-structured interviews. Then, describe the results of the interview and perform data
analysis.

We quoted Yao’s User sample selection hierarchy chart. In Yao’s discussion, this
model is based on the industry, lifestyle and demand characteristics of the user group.
It is to identify user needs and convert it into the process of design’s knowledge. This
model helps us narrow down the scope of interviews and conduct accurate in-depth
interviews, and also facilitates the analysis of later information.

When setting up groups, the professional interview team, includingmarketmanagers,
communication department heads, education authorities, design researchers and others
who are in close contact with vehicle navigation systems and related industries. They
have a clearer understanding of the development process of navigation systems. They
have their own understanding of the future direction; not only that, they are people with
rich social experience, their views largely represent most of society, and have a greater
impact on interview analysis. The other group of interviews is the indigenous people of
the information age, also known as the information age. They have been exposed to the
Internet since their birth and dealt with electronic devices and smart devices. They have
unusual effects on these devices, including vehicle navigation systems. Insight, they
know more about the advantages and disadvantages of these devices. Not only that, this
generation of people has unimaginable visions for future scenes. Their inner thoughts
greatly influence the future development of these devices.

The purpose of this study is to explore the relationship between current and imaginary
future vehicle navigation systems and human desires. In order to achieve this goal, we
use the people-oriented design method to design the problem; with the help of the User
sample selection hierarchy, we establish the logical structure of recruiting participants,
and develop a detailed research design plan, followed by multilateral semi-structured
interviews. Then, describe the results of the interview and analyze the data. Finally, from
the perspective of sociological phenomena of human needs and values, six themes of
desire are discussed and put forward.
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2 Research Design

Fig. 1. User sample selection hierarchy chart

2.1 User Sample Selection Hierarchy

Construct a research using user sample selection hierarchy chart [4] to identify the
two groups participating in the research, and analyze the interests of different groups
according to the research purpose [5]. The most relevant definition of this experiment
fromFreeman’s definition [6] of stakeholder is “includes people, groups, or organizations
interested in the performance of the project and the results of planned actions” [5, 7, 8].
In order to recruit the appropriate interviewees, use the benefits user sample selection
hierarchy chart. The structure of this model is adapted from the Connected Car of the
GSMA [9] (Groupe Speciale Mobile Association) (See Fig. 1).

In order to collect data of different age groups (17–50) and compare and analyze
valuable data, the experiment is divided into two stages of the interview. In the first
stage, according to the groups, the professional population is composed of “generation
X”, they are a generation born between 1961 and 1980 [10]. Another group is composed
of the “information age” born after 1995 [11, 12]. They are deeply influenced by the
Internet, instant messaging, intelligent devices and other technological products [13].
By comparing their needs with those of the first stage population, new interview results
are obtained, thus filling the gap of the same group [10–13, 15].

2.2 Non-probability Sampling

Non-probability sampling refers to the method by which investigators draw samples
based on their subjective experience or other conditions. Non-probability sampling is
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mainly applicable to the situation where the sampling frame is incomplete, and the
sampling process is not performed according to the random principle. According to
statistics, 70% of the items in the market survey are non-probabilistic surveys [15].

In the experiment, the quota sampling method [16] of non probability sampling
is adopted, that is, the population elements are classified according to some control
indexes or characteristics, and then the sample elements are selected according to random
sampling or judgment sampling. When taking samples, the quota in each category is
completed according to each control feature. The characteristics of the interviewees
selectedwere: coming from different fields, having different backgrounds, willingness to
share their views, and being able to generate new views in the guidance. This method can
effectively obtain a wide range of perspectives from interviews [17], so it is selectively
used in experiments. So the characteristics of the interviewee can be easily identified.

According to the standard, 20 professionals were recruited to participate through
networking and network promotion. Among them, there are 3 car designers, 2 navigator
designers and 2 ride-hailing drivers. In the Manufacturing group, there are 2 navigator
manufacturers, 2 car manufacturers and 1 factory manager. From the Retail group, there
are 2 car salesmen and 2 navigator salesmen. In the fourth group, there are 2 white
collars, 2 housewife. They come from different ages, qualifications and backgrounds
and have a good balance of views (See Table 1).

Table 1. 20 participants in the professional group.

In the secondphase, 10members of the information generationwere recruited.Unlike
the professional group, this group was recruited randomly based on age and gender on
a voluntary basis. Payment was offered.
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Table 2. Criteria for designing interview question.

2.3 Designing Interview Questions

To set up context related issues, we first used the a.e.i.o.u framework (see Table 2). In
conjunction with this framework, we should first consider the needs that people want to
be satisfied, how to use the navigation system in a given future situation, how to interact
and connect with the navigation system, and their internal expectations for navigation
systems [18]. In order to obtain sufficient interview results and various possibilities,
and to explain the meaning properly. The designed questions can get more specific and
multiple possible results, and can guide the interviewees to think more deeply to get
unexpected results. Divide the questions into three categories to judge the truthfulness
of the respondents’ answers (See Fig. 2). In addition, the semantic difference framework
is used to measure meaning [19], and the 5W 1H frameworks are used to balance views
[20]. It is worth noting that the questions drawn through the framework are designed
to motivate those involved in the interview to envision cutting-edge and emerging tech-
nologies that can be applied to navigation systems. In order to obtain unexpected views
as much as possible and improve the openness of the interview [21, 22], setting up some
guiding questions can make the interviewees better imagine the future. (For example,
what is the difference between the future shared car navigation system and the existing
form?).



200 F. Lan et al.

Fig. 2. Problem classification methods for obtaining multiple results

2.4 Question Examples

Extension of the leading:
*Now there is a driverless car. Do you want the car to take you to your destination

in one sentence, or guide you through the display? Why?
*In the process of going to the destination, you suddenly want to change the

destination, do you want to change the voice, or manually?
*Will you accept the navigation system in shared cars? Personal account login

navigation system/privacy.
*The help/impact of the future car interior screen for navigation, compared with AR

real navigation.
*When choosing a destination, do you check before departure or in the car?

Extension of the open-ended:
*Do you use AR live navigation on mobile phone map (demo)? Are there any problems
during use? Don’t you know it or use it and don’t want to use it?

* When traveling by car, what should I do if there is a traffic jam in front of me?
What are you doing during traffic jam? Will you choose to bypass the road to avoid
traffic jam?

*Car music conflicts with navigation voice, what to do, why?

Extension of the echo:
*For example, the Pentium T77 uses holographic projection technology, but the display
form is to simulate virtual characters, as a car assistant to provide services to users (or
to accompany, reduce loneliness), do you think it will interfere with/help driving, why?

*What are your thoughts on future driving navigation?

2.5 Interview Procedure

All interviewers (n = 24) were interviewed with the same semi-structured interview
questions during the meeting. Get the most out of multiple possibilities. The target
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interview time is 30 to 50 min, which can alleviate the fatigue caused by conversation
and cogitation, thereby reducing the bias of interview results. Before the interview,
inform the interviewees about the purpose of the experiment and the use of the results
to ensure the interviewees’ right to know.

2.6 Data Analysis

The purpose of analyzing interview process information is to express people’s desire
more clearly, to form a connection with the potential development possibility of vehicle
navigation, and to get the design theme. Using the method of subject analysis to deal
with the interview data [23–25]. In the interview process, the interviewers’ questions, to
varying degrees, will have an impact on the cognition and answers of the interviewees.
Therefore, using the method of subject analysis, the interview questions are divided
into three categories (See Fig. 5) to reduce deviation and subjectivity [25, 26]. In order
to improve the accuracy and objective multi-dimensionality in keyword extraction and
topic resolution, two professionals were invited as reviewers. Among them, they are
familiar with psychology and design (23-year-old female) and engaged in interactive
research (40-year-old male). People of all ages and backgrounds help to obtain a wide
range of perspectives [27].

2.7 Subject Analysis

Transcribe all the recordings of the interview by machine, make compound comparison
between the output text and the interview record, read again and adjust manually to
ensure the accuracy of the recording.

According to the purpose of the study, words, phrases, proverbs, sentences and
paragraphs are analyzed from multiple perspectives, and classified and encoded on the
basis of transcoding text. In the process of classification, the above words and sentences
are given a highly recognizable description.

Call out the interview text, make a horizontal comparison between the scene infor-
mation involved in the interview process and the code words, and sort out the scene
themes that are consistent with each other; make a secondary sorting of the sorted code
words (on a higher semantic system). Examine the transcribed text, search for ignored
contextual topics, and identify recurring responses.

For the purpose of objectivity, the two reviewers independently analyzed the tran-
scripts provided, obtained the self-contained codewords and the resolution theme, and
compared the resolution theme with the provided theme, and put forward suggestions
on some themes. In this regard, in-depth discussions were reworded on the subject of
ambiguous definitions.

During the review process, recombining and deleting themes, wording and defining
the final theme.
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3 Results

The professional group (Professional) and the information generation group (genera-
tion info.) came up with six themes, Satisfaction of morality and privacy, Humane fac-
tor in an intelligent situation, Integration and connection, Progress with emotion gra-
dation, Accuracy and efficiency of multi-channel input, Efficient output. Among the
professional population group and the information generation group had significant dif-
ferences in the views of the first two themes. These results can be roughly divided into
two categories in terms of human needs and social values, and the human desires involved
in these results can be used to better explore the possibilities of automobile navigation
systems (Fig. 3).

Fig. 3. The six themes of human desires in integration of mobile devices into automobiles

3.1 Satisfaction of Morality and Privacy

In this era of easy access to information, various events caused by frequent disclosure
of personal information on the Internet make people pay more attention to their privacy
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rights. In most cases, it is difficult for people to agree with the Internet collection of user
information, but in the actual interview process, it is found that the two interview groups
have different views on this.

The information age group believes that the Internet age is an open era, and the
data collected by the application companies are used for the follow-up development of
software. Therefore, they are not too worried about the collection of user information
by Internet companies or car navigation companies. Most of them choose to believe in
the Internet and car navigation companies.

In the 21st century, we are actually running naked on the Internet. Cloud data is
more convenient for our life --- generation info.

The professional team thinks that they are very worried about their personal infor-
mation being illegally stolen after being collected, but they also say that this is a problem
that is difficult to solve. Nowadays, the frequently used addresses (companies, schools,
homes) stored in the navigation system have exposed their personal information, but it
does improve the user experience.

Information privacy is a false proposition---professional.

People’s desire for privacy right in Internet car navigation is a disappearing process
(people will gradually recognize it). There is no need to comfort users in the design
process. On the basis of privacy, a higher-level problem is raised: the navigation system
(such as brain computer interaction) using a new way of interaction is actually risky on
the moral level.

When an antisocial person is using the brain computer interface to operate the car
navigation system, any of his ideas will be directly and quickly reflected in the vehicle,
which is likely to cause major accidents.----Professional.

3.2 Humane Factor in an Intelligent Situation

The “humane factor” in the paper refers to the fact that the operating system canmeet the
functional and psychological needs of users according to their living habits and operating
habits. In the process of using the individual needs, and the system to give users humane
care. This part mainly discusses the individuation and humanization in “human care”.

Development of users’ preference is the most considerable procedure in humanized
design, in the light of behavior in daily life, physiological factors, human psychological
state, human thinking mode, to optimize the design, so that users can conveniently and
comfortably visit and use. As an important auxiliary driving system, vehicle navigation
system provides users with pleasure, satisfaction and humanized care. The interviewees
have two different views on the humanization of navigation system. One group of people
thinks that the navigation system is humanization just as a tool to bring people to the
destination. Some people think that the navigation system should be given the function
of humanized care so as to provide users with the pleasure and satisfaction of driving or
riding.

The navigation system is only responsible for getting me to my destination safely,
without guessing if I’m lonely, or if I need any recommendations or chat -- professional
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I look forward to it not only as a navigation, but also as a ride companion.--
generation info.

Based on different interests and hobbies of individuals, different behaviors of using
navigation, and different moods of using navigation in different situations, the personal-
ized interaction methods and contents of personalized navigation can meet the different
needs of different people. Relatively, it can improve the user’s degree of freedom, and
provide users with endless possibilities in terms of feel. For example, under the premise
of ensuring safety and rationality, the control key position can be set individually.

I hope the projected virtual characters will be my favorite cartoon characters --
professional.

I like this control button putting here, it feels very comfortable and convenient to put
it in this way----generation info.

The humanized elements of the navigation system are embodied in giving people
the pleasure of driving, meeting consumer demand, and highlighting people’s life taste
as much as possible, bringing people a unique feeling of life. Navigation appearance
and interactive graphics can choose a good visual color, to avoid the wrong guidance
to people’s vision, resulting in fatigue. Route planning should be in line with users’
cognition and usage habits to avoid cognitive difficulties.

3.3 Information Integration and Connection

The continuity and integration of information are the key of a vehicle navigation system.
Respondent groups use mobile devices such as mobile phones as vehicle navigation
systems, and the effectiveness of information transmission will directly affect the user
experience. In the future of the popularization of driver-less vehicles, continuity will be
particularly important. In order to reduce costs, this kind of vehicle will not be equipped
with a navigation system, instead, it is the information bridge between mobile devices
and driver-less vehicles.

Before I got in the car, I had searched and confirmed the route on the mobile phone.
After I got in the car, the car could read the route information in my phone and take me
directly to the destination.----generation info.

Both groups are not satisfied with the real-time and comprehensive information pro-
vided by the existing navigation system; the ideas of passengers in the car are changeable,
and the information provided by the existing navigation system is relatively isolated,
unable to meet the multi-dimensional ideas of passengers. In the big data scenario, the
integration of navigation system informationwill provide amore comprehensive solution
for the passengers in the driver-less car and the ordinary car drivers.

In the event of a traffic jam, there is an information bridge between vehicles, which
can adjust the route through the vehicle navigation system, and carry out road evacuation
or dispatching uniformly.----Professional.



Analyze the Impact of Human Desire 205

3.4 Progress with Emotion Gradation

On the emotional side, the navigation system can be invoked as a vehicle-mounted
intelligent housekeeper, not only managing the recommended route, but also providing
additional information along the way. At the same time, it can meet people’s emotional
needs, provide emotional interactive functions, and reduce loneliness.

During the self-driving tour, the navigation system can remind us to enjoy the scenery
along the way when I pass the scenic area----generation info.

Can add more emotional voice communication----professional.

In the process of using public navigation system, as mentioned in Donald Norman’s
“Emotional Design”, userswill have an emotional experience progressive process.When
seeing the appearance of the navigation system, the user produces instinctive emotions
(first level), intuitive beauty will affect the next experience; based on the first level,
the series of interactive behaviors of the navigation system will determine the user’s
ability to understand, that is, behavior Emotion (second level); when completing the
two emotional levels of instinct and behavior, users will focus on reflection (third level),
compare the previous operating experience with the current one, and find a reasonable
operating point. With the gradual progress of the emotive level, the emotional level of
the navigation system directly affects the driving experience of the driver or passenger,
and even affects the safety during driving.

I just hope the navigation system will make my experience in the car more splendid
without increasing the cost of learning----generation info.

3.5 Accuracy and Efficiency of Multi-channel Input Mode

Themajority of respondents said theyhadusedmore thanone typeof input in their current
usage scenario, often on navigation devices that offered a variety of input options.

It’s not suitable for the type input of car navigation and touch screen in the center
console. I can use voice when I have a choice----Professional.

When you have to use an input method you don’t like, most of the time it’s limited
for external reasons.

This system enables users to input information in multiple ways. Inevitably, when
using different approaches of input, there will be a distinction between accuracy and effi-
ciency. This requires users to choose and choose according to their personal preferences
and external conditions.

In addition, the information input by different channels can and should be trans-
formed into general form information as far as possible through technical means for
subsequent processing. At the same time, if the user interface can be added with the
compensation mechanism of instant selection or confirmation of input content or timely
error correction, the user experience will be improved to a great extent through multiple
input modes, that is, the so-called multi-channel input [28].

But when only one hand is free, I can just send voice, and then transform voice into
texts----generation info.
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3.6 Efficient Information Transfer

In previous studies, the visual design of vehicle navigation is to avoid the operation
mistakes of driving users, but with the development of the times, driverless vehicles
become the future trend, the driving behavior of users will be reduced or even disappear,
and the visual design of navigation system will no longer be limited.

This topic mainly relates to how to effectively output information without affecting
driving safety. Obviously, it is necessary to optimize the output according to specific
driving methods and ergonomics. Secondly, it is necessary to reduce mutual interference
with the information of other systems or devices during the output process, which may
require the synergy of multiple sensory output methods.

When playing music, I just mute the navigation, watching the graphics of the navi-
gation… When I need to turn, it will be “ding” (vibrate) to remind you----Professional.

Some intervieweesmentioned that for imagedisplay, simplifiedor abstracted patterns
or models can be displayed in the display interface, which helps to realize the docking
of a real scene and graphics and convey information more efficiently.

Like this floor plan, I believe that it is not intuitive enough. It needs a process of
transforming the floor plan and the foreground image of the eye---generation info.

You can use clayrender to add to the map, and the guidance for people will be more
intuitive---professional.

Six themes were proposed:
1. Satisfaction of morality and privacy 2. Humanized care in intelligent situation

3. Integration and connection 4. Personalized of interaction 5. Accuracy and efficiency
of multi-channel input 6. Efficient information transfer. It roughly divides into two
categories: human care and practical function. This classification implies requirements
similar to the sociological phenomena of human needs and values [29–32].

Themes 1, 2, and 4 express the driver’s desire for emotional and care with the
vehicle navigation system. Due to the progress of technology, artificial intelligence is
increasingly imitating human beings, and people have a tendency to treat people and
artificial intelligence in the same way [33]. Therefore, people hope that the navigation
system has the function positioning beyond the functional assistance, and they hope that
emotions can get special care and consideration in the service. To some extent, this can
relieve the loneliness of driving alone [34–36]. In terms of these three points, navigation
system needs to meet the needs of maslow’s third level, that is, social, emotional and
belonging need [37].

Themes 3, 5 and 6 express the desire of drivers and passengers to optimize the
practical functions of a vehicle navigation system. It can be seen that due to the devel-
opment of information technology. The functions of intelligent devices are continuously
strengthened, and the possibility of interconnection between various intelligent devices
is increasing. Both the driver and the passenger are anxious for the navigation system to
better realize its inherent functions and meet their functional desires through the inter-
connection between multiple devices and a variety of accurate and efficient input/output
modes.
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4 Discussion

We will explore six topics in terms of needs and emotions.1.Satisfaction of morality
and privacy 2. Humane factor in an intelligent situation 3. Integration and connection
4. Progress with emotion gradation 5. Accuracy and efficiency of multi-channel input
6. Efficient information transfer.These six themes are divided into humanistic care and
practical functions according to need. This classification implies requirements similar to
the sociological phenomena of human needs and values [29–32].Matching andmismatch
between people’s needs and the functions of the product can lead to a positive emotion, a
negative emotion or a neutral emotion. The sentiment formedbypeople is their evaluation
of whether the effectiveness of a product meets the needs [16].After sorting out the six
themes from human needs, we try to analyze the emotions after these six desires in order
to better understand these needs.

In terms of demand, themes 1, 2, and 4 express the driver’s desire for emotion and
care with the vehicle navigation system. Due to the progress of technology, artificial
intelligence is increasingly imitating human beings, and people have a tendency to treat
people and artificial intelligence in the same way [33]. Therefore, people hope that the
navigation system has the function positioning beyond the functional assistance, and
they hope that emotions can get special care and consideration in the service. To some
extent, this can ease the loneliness of driving alone [34–36]. In terms of these three
points, navigation system needs to meet the needs of maslow’s third level, that is, social,
emotional and belonging need [37].

Themes 3, 5 and 6 express the desire of drivers and passengers to optimize the
practical functions of a vehicle navigation system. It can be seen that due to the devel-
opment of information technology, the functions of intelligent devices are continuously
strengthened, and the possibility of interconnection between various intelligent devices
is increasing. Both the driver and the passenger are anxious for the navigation system to
better realize its inherent functions and meet their functional desires through the inter-
connection between multiple devices and a variety of accurate and efficient input/output
modes (Fig. 4).

In terms of emotion, in organization and business environments, people often have
distinct roles andworkflows, fromwhich functional and non-functional requirements can
be extracted. Design psychology believes that each emotion represents a psychological
need. Based on the emotional attachment framework, the conclusions are analyzed to
provide more valuable analysis for the conclusions.

‘Self-expression’ is a kind of vision that a person expresses differently from other
people’s personal identity through emotional thoughts, etc. This emotion is reflected in
the personalization of the interaction mode, and the experience of people setting the
navigation system through personalization The effect satisfies the need of psychological
pleasure, and further highlights the differences with others, indicating the differences
between individuals and the uniqueness of the self. In the design of navigation, the
designer excavates people’s habits when using navigation and classifies the actions and
behaviors of different user groups when using the navigation system, so as to provide
users with personalized interactive design and appearance design.
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Fig. 4. The emotion attachment model [19]

On the level of “pleasure”, it is divided into three directions: social pleasure, physical
pleasure and ideological pleasure. Everyone wants all their experiences in the car envi-
ronment to be comfortable, smooth and private. In other words, users’ satisfaction with
the privacy in the navigation system is assigned to social pleasure. And multi-channel
input is to improve the user information input of mental pleasure. In the future car nav-
igation design, new technologies popular with the user group can be combined, such as
the fifth generation mobile communication technology can improve the fluency of the
connection between the upcoming smart mobile device and the car navigation system.
Thereby enhancing the user’s pleasure in using the navigation system.

On the level of “memory”, memory connects consumers with products emotionally.
Enhances the experience of users’ familiarity and brings additional experience effects by
contacting with the content and methods familiar to users. This level is mainly reflected
in the humanized care in the intelligent situation. With memory, the navigation system
can provide users with familiar emotional communication effects, such as providing a
familiar voice in the output mode, thus reducing the sense of strangeness.

“Affiliation” is the relationship established between an individual and other things,
from which a sense of security and belonging can be achieved. The theme “integration
and connection” are related to it. Users want a faster and more efficient connection
between smart mobile devices and car navigation to enhance the experience, which
increases the connection between people, devices and cars, and obtain an integrated
experience. In the future automobile navigation design, designers should fully consider
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how to bring the sense of belonging to users. For example, this sense of belonging can
be reflected in whether the automobile navigation is integrated with the automobile or
connected with the automobile as a communicative device so as to bring users a sense
of close connection or a sense of portable experience.

During the discussion, it was found that the interviewed groups had significant differ-
ences in specific themes. Considering their living habits and backgrounds, this requires
designers to devote more attention to the characteristics of these two groups and improve
the user experience.

In the theme of “Satisfaction of Ethics and Privacy”, the professional group is con-
cerned about the leakage of their personal information, and the information generation
is not too worried about the leakage of privacy. For this difference, consider giving
appropriate hints of privacy and security, so that professionals could trust the privacy
and security of navigation without burdening information generations.

In the theme of “Humane factor in an intelligent situation”, the professional group
believes that navigation does not need to increase humanization too much, while the
information generation believes that humanized care is needed. In view of this difference,
in the future design, the integration of humanizing functions should be considered, but
the user is given the right to cancel the setting of humanized.

In previous automotive research, it has often focused on improvements in ergonomics
and technology [2]. The six themes of the study attempted to outline human desires for
car navigation and qualitatively draw conclusions. The six themes derived from this
research can eventually be used as design checklists and used as design guidelines for
the development of related products and services. In addition, each of the topics can
be used as a strategic point to support the generation of certain designs with special
uses or purposes, or in-depth research can be conducted around the topic to support the
generation of new technical standards or industry specifications.

5 Conclusion and Future Work

In this study, the people-oriented design method is adopted to develop the research plan,
the User sample selection hierarchy is established, the in-depth interview method is
adopted, and then the interview results and data are collected and summarized to extract,
and the requirements of drivers and passengers for the vehicle navigation system are
obtained. Finally, six themes that should be taken into account when proposing the
vehicle navigation system are summarized. This study identified six topics related to
human desire and vehicle navigation system, which may be helpful for the design of
future vehicle navigation system, and for each topic, which may be used to generate
special design or technical standards and industry specifications. Further investigation,
experiment and research are needed to apply the results of this study to practice.
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Abstract. Once highly automated vehicles become available, the vehicle does not
need to be operated by a driver, as a result that the controller of the vehicle will be
transformed from drivers to passengers. What can be predicted is, the transition
will exert a great influence upon the public transportation, especially in shared
vehicle like taxi. With regard to the automated vehicles, younger individuals have
been investigated to bemore interested in using automated vehicles. However, will
the novel type of vehicles be accepted by passengers? In this article, we try to build
a model to study the acceptance of autonomous driving shared taxis (hereinafter
referred to as SAVS), and accordingly report a survey assessing the acceptance
of autonomous driving shared taxi technology among young people (N = 158).
The survey results show that more than half of drivers are skeptical of SAVS, but
their acceptance may vary considerably. Our paper intends to help shed light on
the variance and exhibit relevant acceptance factors for future SAVS usage.

Keywords: Culture and psychology · Design for social market in global markets

1 Introduction

In 2018, SAE classified six levels of self-driving vehicles, ranging from fully manual
(L0) to fully automatic (L5), according to which a highly automated vehicle (L4) can be
driven autonomously within an operational design domain (ODD). This study is based
on level 4 as it is the highest level that can be achieved with existing technologies. Self-
driving cars have significant advantages over traditional manual driving in many ways,
such as reduced accident rates due to driver error and significantly higher utilization of
transportation resources, as studied by Fagnant et al. [9]. Despite themany advantages of
self-driving vehicles, the way they are operated is quite different from traditional driving
ways, thus the acceptance of self-driving technology by the general public is crucial for
both the technology developers and the companies that planning adopt it. This issue
has also been studied by a number of scholars in recent years, and as early as 2014,
Rödel et al. [20] studied the acceptance and user experience of autonomous levels of
autonomous driving technology. Later, Kyriakidis et al. [15] sent a questionnaire to over
5,000 people around the world to survey the public about their perception of automated
driving. in 2017, Tennant et al. [22] focused on drivers’ attitude toward autonomous
vehicles and related factors, based on which a more systematic study was conducted
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by Böhm et al. [4] on factors influencing attitudes towards using autonomous vehicles.
However, as the technology develops, here comes a new question: will users’ acceptance
of self-driving technology be affected by the specific scenarios for the application of the
technology? A growing number of researchers have focus on this question, and many
studies are conducted with severely limited scenarios in which self-driving technology
can be used, as an example that Fröhlich et al. [10] applied self-driving technology
to the future workplace of automated trucks and studied the acceptance factors of truck
drivers. Considering the increased utilization of transportation resources that self-driving
technology will bring, Tan et al. [19] vehicle has tendencies to change into transportation
systems as well as shared services. On this premise, the technology is more likely to
be used as a means of public transportation rather than be used in private vehicles, it is
reasonable that using shared autonomous vehicles (SAVs) [15] will become an efficient
way to travel in the visible future. Our work focused on the acceptance of self-driving
technology by limiting the scenario to SAVs.

As for the acceptance of shared autonomous vehicles, Krueger et al. [14] argued that
younger passengers and passengers with multimodal travel are more potential to become
SAVs users.We focused our research on the younger 18–27 age group inmainlandChina.
Consequently, a questionnaire study with 158 younger vehicle users in mainland China
was conducted as we hope to answer the question:

RQ1:What is the opinion of the younger passengers on the overall acceptance of SAVS?
For the time being, little is known about the potential users of SAVs yet, so it is potential
and promising to research on the acceptance factors for younger passengers in SAVs.
Therefore, the questionnaire also aimed at answering the second question:
RQ2:Which factors aremost likely to affect the acceptance of SAVS by young travelers?

Next, we report upon the related work, the process of the research, and the results
of the survey. We will next discuss the findings regarding these two research questions.
Our contribution is to propose a younger passengers acceptance factor in SAVS, which
contributes to the successful design of SAVS.

For the set-up of the questionnaire, we refer to the traditional TAMmodel as themain
framework for subsequent research, but on this basis, we consider the specificity of the
application of automated driving technology in shared autonomous vehicles, additionally
introducing the concept of trust.
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Fig. 1. The SVS model created by Barth et al. [3]

2 Related Work

2.1 Overview

There have been a number of studies focusing on the acceptance of automated cars
and automated driving including: a conceptual model explain, predict, and improve
user acceptance of driverless pod-like vehicles, and a model of user acceptance for
autonomous vehicles (AVAM) [12, 19].

In the domain of taxi, most research about passengers is focused on the taxi passenger
demand. A learningmodel for predicting the temporal and spatial distribution of demand
among travelers wanting to use taxis in a short term and recommendations for taxi drivers
and those who want a car by using data on passengers’ travel patterns and what they
know about taxi driver pickup behavior from the taxi’s GPS track are good examples
(Moreira-Matias et al. 2013; Yuan et al. 2011). However, attributable to the differences
in the specific conditions of different cities, it is difficult to establish a unified passenger
travel model, but based on the existing data, different ride forecasts can be established
based on different city conditions.

2.2 Shared Autonomous Vehicles System

A few results have been investigated in current research on shared vehicle system (SVS),
for example, Barth et al. [3] a model (Fig. 1) summarized the use of shared vehicles.
SAE Level 4 vehicles can be Regular vehicles with steering wheels and pedals (4R),
or pod-like vehicles (4P) with no human driver, driving autonomously under restricted
conditions and requiring no driver operation [15]. Based on the related study by Barth
et al. [3], the 4Pmode wasmore promising to be used in SAVS. However, the 4P vehicles
will be differ from the regular vehicles in controlling, as a result that every individual in
4P vehicles will transform into passengers.
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2.3 Cohorts

In recent years, some studies were carried out to research the cohort factors in varied
domains. Rogers [22] shows the attitude toward new technology presented a bell-shaped
curve on age. To the domain of autonomous vehicles, Men who live in urban areas, have
higher incomes and are happy to use new technologies are more willing to pay for new
technologies with L4 automation [2], while younger passengers (aged from 18 to 29)
and passengers with multimodal travel are more potential to become SAVs users [15].
However, little is known about the younger passengers in SAVs, so it is potential and
promising to research on the acceptance factors for younger passengers in SAVs.

2.4 Acceptance

According to TAM [7], perceived usefulness and perceived ease of use are of great
significance for the user acceptance to a new technology. With regard of the model’s
development, the Universal Theory of Usage and Acceptance of Technology (UTAUT)
[25] was put forward in early 2000’s, which has integrated many of the existing user
acceptance models used to explain the user’s intent and subsequent behavior in using
the system. Moreover, with 1 additional factor, the Car Technology Acceptance Model
(CTAM) [19] was designed to fit the acceptance model in car. It is these models that
make the future research go on smoothly.

2.5 SAVAM

According to our model, the practicality and ease of use of shared autonomous vehicles
will determine the intention of young travellers to use shared autonomous vehicles. On
this basis, trust plays a key role in whether users accept autonomous vehicles. In the IT
field, the trust of IT technology will affect users’ willingness to use IT products [17].
We can infer that the trust in autopilot will affect the attitude of users to use autopilot to
a certain extent.

Concerningwith the attitude towards SAVS, positive and negative expectations about
shared autonomous vehicles (SAVS) were measured through several items which are
possible to leave opposite expectations for different individuals, such as safety and
driver’s behaviors. The complete project can be found in Table 1. Meanwhile, several
personal characteristics that were supposed to be potentially related to attitude towards
SAVS were included in the questionnaire: age, gender, driving experience, travel modes
and technological openness.

In terms of the usefulness of SAVS, one question was presented in relation to few
issues which are likely to be improved in SAVS (Especially issues related to improv-
ing the cruise flow during travel to the destination). Further, a number of questions
considering with trust and ease of use were included.
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3 Study and Procedure

3.1 Questionnaire

A questionnaire was surveyed on the acceptance and willingness to use shared driverless
taxis among young passengers inmainlandChina (See Table 1 for details of the question-
naire). Based on the Technology Acceptance Model (TAM) [10], we added technology
openness and trust, which constituted our questionnaire. The correlation model can be
found in Fig. 2.

Fig. 2. The model formed by authors

3.2 Preliminary Experiment

A preliminary experiment based on the questionnaire was taken to know whether each
question can be understood exactly by study participants or not. Two volunteers (aged
18 and aged 20) were administered in-depth interview on a questionnaire basis.

3.3 Sample

An online questionnaire was distributed via several social network platforms in China
Mainland, focusing on college student groups. This questionnaire is written in simplified
Chinese only, the reason for this is that this study is mainly for young travellers from
mainland China. Of the 177 questionnaires, 19 were considered invalid because they
were out of the range of young people (18–29 years old). Table 2 showed the well
reliability of the questionnaire.
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3.4 Data Analysis

The online SPSS toolwas used for data processing. Firstly, the reliability of each question
was tested separately, using Cronbach α coefficient, and the results were above good.

Secondly, in sub-topics 5, 6, 7, composition group 1: Technology openness; In sub-
topics 8, 9, 10, composition group 2: Indicators of positive expectations; In sub-topics
11, 12, 13, 14, 15, 16, composition group 3: Indicators of negative expectations; In sub-
topics 17, 18, 19, 20, composition group 4: Perceived usefulness; In sub-topics 21, 22,
23, 24, composition group 5: Trust; In sub-topics 25, 26, 27, 28, composition group 6:
Perceived ease of use; In sub-topics 29, 30, composition group 7: Willingness to use.

New variables were generated from these seven question groups by producing
variables-summing; correlation analysis was conducted between question groups 1, 2, 3
and 4, 5, 6 respectively, and the indicators used Pearson correlation coefficients to obtain
conclusions; linear regression analysis was conducted between question groups 4, 5, 6,
and 7 respectively, to obtain conclusions.

4 Result

In this survey, the effective age of the participants tested was between 18 and 23 years old
(male to female ratio was close to 1:1), among which 34.18% (nearly 1/3) participants
have driving experience, there are many ways to travel, it suggests that there are several
ways that participants choose to travel in their daily life, but it is worth noting that the
percentage of choosing a taxi frequently (6.37%) was significantly lower than others. On
average, participants reported a moderate or higher degree of technical openness (M =
3.521 SD = 0.803), which is consistent with the researchers’ predictions for this group
in previous work. Participants tended towards higher positive expectations (M= 3.108),
while negative expectation even higher (M = 3.269). Moreover, the standard deviation
of negative expectation was less than other dimensions (SD = 0.612). These data show
that participants in negative expectations of SAVS showed greater consistency, which is
abnormal situation. The details are in Fig. 3.

On average the rates of usefulness, ease of use and trust were fractionally above
medium (M = 3.21, M = 3.636, M = 3.177). Through related analysis [1, 17, 24], [30]
to the researchers’ surprise: the three parameters of usefulness, ease of use, and trust all
show positive correlations with the technology openness, Positive expectations and neg-
ative expectations (Fig. 4): It’s in the author’s expectations that usefulness, ease of use,
and trust have positive correlations with technology openness and the positive expec-
tations. However, the positive correlations between the negative expectations and the
three parameters are out of researchers’ expectations, which is interesting. It shows that
regardless of the attitude of the participants to SAVS, as long as they have expectations
of SAVS, they will trust SAVS and believe it is useful and easy to use.

Regarding Intention of SAVS usage, its average value exceeds the median value (M
= 3.437), but less than half of the participants who have a clear willingness to use SAVS
(45.57%, which indicates that a considerable part of the population is not negative about
SAVS, but do not have a strong will to try SAVS. And through regression analysis [5, 6,
24], [29, 30]. The following results are obtained:
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The regression coefficient of usefulness is 0.115 (t= 1.570, p= 0.119> 0.05), meaning
that usefulness does not affect the Intention of SAVS usage.
The regression coefficient of trust is 0.512 (t = 6.861, p = 0.000 < 0.01), meaning that
usefulness has a significant positive impact on the Intention of SAVS usage.
The regression coefficient of ease of use is 0.374 (t = 6.295, p = 0.000 < 0.01), which
means that ease of use plays an significant active role in the Intention of SAVS usage.

Table 1. Overview about the questionnaire items.

Constructs Items Contents

Attitude towards SAVS Positive expectations 01. I don’t have to worry about the
unreasonable price of using
SAVS

02. Using the SAVS, I can do my
own thing on the way without
being disturbed

03. I don’t have to worry about my
personal safety when using SAVS

Negative expectations 04. I may not be able to get a taxi
when there is a problem with my
mobile terminal

05. Riding alone in a AV with no one
talking along the way makes me
feel bored

06. Without a driver, I would feel a
little uneasy

07. When SAVS drivers, the Internet
of vehicles system may reveal
personal information

08. New forms of travel may raise
the cost of travel

09. Using SAVSI might have slept
too long in the cab because no
one reminded me

Usefulness of SAVS Usefulness 10. Driverless taxis can improve
inaccuracy of positioning

11. Driverless taxis can solve the
problem of inaccurate road
conditions

12. Driverless taxis can solve the
problem of poor route planning

13. My communication with the
intelligent system can solve the
problem of my poor
comm-unication with the driver.
(such as the driver’s dialect is
difficult to understand)

(continued)
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Table 1. (continued)

Constructs Items Contents

Trust in autonomous vehicle Trust 14. I think AV works dependably and
I don’t need to keep an eye on the
system

15. If I perceive I’m taking a AV, I
would feel at ease

16. I think SAVS will reduce
uneasiness factors on highways

17. I believe that the SAVS will work
reliably

Ease of use Ease of use 18. The design of the SAVS room
make me feel relaxed

19. The interactive interface of the
SAVS room should be easy to
understand, even if I first took the
ride

20. The interactive approach of the
SAVS should be able to provide
me with the outside situation in
time

21. The SAVS interaction should
help me get off the bus

Intention of SAVS-usage Intention of SAVS-usage 22. I’d like to take a taxi with SAVS
23. I hope that the SAVS can be part

of the urban transportation
system

It’s interesting to find that ease of use and trust plays an significant active role in the
Intention of SAVS usage, but usefulness does not affect the Intention of SAVS usage.

Table 2. The Cronbach Alpha of the contents in the questionnaire.

Cronbach alpha

Technology 0.681

Openess 0.669

Expectations 0.778

Usefulness 0.83

Trust 0.822

Ease of use 0.913

Intention of SAVS usage 0.882
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Fig. 3. Overview of the measured technology acceptance aspects

Fig. 4. Pearson correlation coefficients of acceptance factors. Only significant correlations are
depicted. Significance levels: *** < 0.01, ** < 0.1, * < 0.5.

5 Discussion

In response to the question on overall acceptance, 45.57% acceptance means that more
than half of young commuters currently do not accept the use of SAVS as a new mode
of transportation. Explanations for that could be that there is still a strong uncertainty
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how well SAVS are performing, as well as the special social and culture atmosphere in
China Mainland. However, noting that it’s no need for us to expect strong opposition to
such transportation systems as there are few chances for the individuals to get attach to
SAVS prototypes.

According to the results of the multiple linear regression analysis, Ease of use and
trust was the main factors affecting the intention of SAVS-usage, while usefulness didn’t
show a obvious influence on. It suggested that what will SAVS provides was no taken
great consideration by the potential users of SAVS, and instead the potential users’
intention is strongly related to the trust in the technology as well as ease of use. It is
bound to be taken into consideration by business companies in designing future SAVS.

With respect to the result that both positive and negative expectation was positive
correlated to trust, usefulness and ease of use. It is striking that even negative expectations
like “Riding alone in an AV with no one talking along the way makes me feel bored.”
Would have a positive influence on trust, usefulness and ease of use. A possible explain
might be the younger passengers’ curiosity to the unknown SAVS. As our study group of
main, younger group is the most curious one and the most possible one to explore their
curiosity [22]. Therefore, it is seemly crucial for companies to stimulate the potential
users’ curiosity and keep SAVS a hot topic constantly to attract more potential users.

However, there are some problems in our research. Although SAVS should be useful,
there was not an obvious correlation between usefulness and intention of SAVS-usage.
One explanation could be that participants did not have strong feelings about usefulness
of SAVS, while another explanation could be that the questions we presented with regard
to the usefulness of SAVS might be too specific. Several specific questions based on the
problems might be solved in SAVS were included in the questionnaire as the usefulness
dimensions of SAVS, however, these questions might be too practical to mislead the
participants’ understanding of the problems.

In general, our results show that the general attitude of younger passengers towards
SAVs’ effect will be great in future SAVS. It’s not very clear, what factors will enhance
younger passengers’ trust in SAVS. Meanwhile, how effort should be made to achieve
the ease of use, for example, “The design of the SAVS interior space should make me
feel relaxed. Further research is also needed.

6 Future Work

What had been found from the study was that the younger passengers’ trust in SAVS
will greatly affect their intention to use SAVS, and the technical openness may also have
an influence on factors like trust in SAVS. Therefore, we might argue that technical
openness and trust should be added to the original model of TAM to develop a special
technology acceptancemodel for SAVS.Due to its good reliability andvalidity, themodel
was promising to be developed into a mature acceptance model for SAVs (SAVAM) and
applied in the future research.

Although this study can demonstrate the influence of the factors presented in this
paper on users’ intention to use, it still cannot exclude other factors that may have an
influence. The SAVAMwas required to be tested and consummated in the future works,
including enlarging the number of samples, expanding ranges of the cohort’s age, regions
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and so on. In terms of the SAVS, more works were supposed to be done once the SAVS
prototype is widely applied.

7 Conclusions

Applying TAM in a specific context now seems to be a commonly used method. We
introduce the two parameters of trust and technology openness according to the use
scenario of SAVS into the TAM model, and proposed a model that can be used to study
the SAVS acceptance factor, named the autonomous driving shared taxi technology
acceptance model (SAVAM). Through this model, we have studied the young people in
mainland China. We found that the design of SAVS should consider the ease of use in
the use process, and the user’s trust will become a key factor affecting the acceptance of
SAVS.

However, the SAVS user group is not limited to youth groups, groups with low
technological acceptance will also become SAVS users. How to make these groups of
people accept SAVS may become a problem in the design of SAVS.

Furthermore, due to cultural differences, Chinese younger groups are more tolerant
of new technologies than countries such as the United States and Germany. Therefore,
the implementation of SAVS in different countries or regions should take into account
the differences caused by cultural differences and be targeted and localized.

This experiment was based on the fact that there is no SAVS interactive prototype
in our study, so the situation obtained by this conclusion must be different from that
when using the SAVS interactive prototype. The author believes that the ability of SAVS
interactive prototype design to meet users’ expectations for trust and ease of use will
greatly affect intention of SAVS usage.

Finally, it is necessary to consider how other stakeholders in the system, such as the
operators of SAVS, coordinate between different stakeholders Interest relationship will
become one of the topics for future research.

Acknowledgements. The paper is supported by Hunan Key Research and Development Project
(Grant No. 2020SK2094) and the National Key Technologies R&D Program of China (Grant No.
2015BAH22F01).

References

1. Arndt, S., Turvey, C., Andreasen, N.C.: Correlating and predicting psychiatric symptom
ratings: Spearmans r versus Kendalls tau correlation. J. Psychiatr. Res. 33(2), 97–104 (1999)

2. Bansal, P., Kockelman, K., Singh, A.: Assessing public opinions of and interest in new vehicle
technologies: an Austin perspective. Transp. Res. Part C Emerg. Technol. 67, 1–14 (2016)

3. Barth,M.J., Shaheen, S.A.: Shared-use vehicle systems: framework for classifying carsharing,
station cars, and combined approaches. Transp. Res. Rec. J. Transp. Res. Board 1791(1),
105–112 (2002)

4. Böhm, P., Kocur, M., Firat, M., Isemann, D.: Which factors influence attitudes towards using
autonomous vehicles? In: Proceedings of the 9th International Conference on Automotive
User Interfaces and Interactive Vehicular Applications Adjunct, pp. 141–145. Association for
Computing Machinery, New York (2017)



Acceptance Factors for Younger Passengers in Shared Autonomous Vehicles 223

5. Cameron, A.C., Trivedi, P.: Microeconometrics: Methods and Applications, 1st edn. Cam-
bridge University Press, New York (2005)

6. Dao-de, S.: Selection of the linear regression model according to the parameter estimation.
Wuhan Univ. J. Nat. Sci. 5(4), 400–405 (2000)

7. Dillon, A.: User acceptance of information technology. In: Karwowski,W. (ed.) Encyclopedia
of Human Factors and Ergonomics, London (2001)

8. Eisinga, R., Grotenhuis,M., Pelzer, B.: The reliability of a two-item scale: Pearson, Cronbach,
or Spearman-Brown? Int. J. Publ. Health 58(4), 637–642 (2013)

9. Fagnant, D.J., Kockelman, K.: Preparing a nation for autonomous vehicles: opportunities,
barriers and policy recommendations. Transp. Res. Part A Pol. Pract. 77, 167–181 (2015)

10. Fröhlich, P., Sackl, A., Trösterer, S., Meschtscherjakov, A., Diamond, L., Tscheligi, M.:
Acceptance factors for future workplaces in highly automated trucks. In: Proceedings of
the 10th International Conference on Automotive User Interfaces and Interactive Vehicular
Applications, pp. 129–136 (2018)

11. Green, W.H.: Econometric Analysis, 6th edn. China Social Sciences Press, Beijing (1998).
(in Chinese)

12. Hewitt, C., Politis, I., Amanatidis, T., Sarkar, A.: Assessing public perception of self-driving
cars: the autonomous vehicle acceptance model. In: Proceedings of the 24 th Interna-
tional Conference on Intelligent User Interfaces, pp. 518–527. Association for Computing
Machinery, New York (2019)

13. International SAE. https://www.sae.org/standards/content/j3016_201806/. Accessed 30 Dec
2019

14. Kossowski, T.,Hauke, J.:Analysis of the labourmarket inmetropolitan areas: a spatial filtering
approach. Quaestiones Geographicae 31(2), 39–48 (2012)

15. Kurueger, R., Rashidi, T.H., Rose, J.M.: Preferences for shared autonomous vehicles. Transp.
Res. Part C 69, 343–355 (2016)

16. Kyriakidis, K., Happee, R., Winter, J.D.: Public opinion on automated driving: results of an
international questionnaire among 5,000 respondents. Transp. Res. Part F: Traffic Psychol.
Behav. 32, 127–140 (2014)

17. Mcknight, H., Carter,M., Thatcher, J., Clay, P.: Trust in a specific technology: an investigation
of its components and measures. ACM Trans. Manage. Inf. Syst. 2(2), 12–32 (2011)

18. Moreira-Matias, L., Gama, J., Ferreira, M., Mendes-Moreira, J., Damas, L.: Predicting taxi-
passenger demand using streaming data. IEEE Trans. Intell. Transp. Syst. 14(3), 1393–1402
(2013)

19. Nordhoff, S., van Arem, B., Happee, R.: Conceptual model to explain, predict, and improve
user acceptance of driverless podlike vehicles. Transp. Res. Rec.: J. Transp. Res. Board
2602(1), 60–67 (2016)

20. Osswald, S., Wurhofer, D., Trösterer, S., Beck, E., Tscheligi, M.: Predicting information
technology usage in the car: towards a car technology acceptance model. In: Proceedings
of the 4th International Conference on Automotive User Interfaces and Interactive Vehicular
Applications, pp. 51–58. Association for Computing Machinery, New York (2012)

21. Rödel, C., Stadler, S., Meschtscherjakov, A., Tscheligi, M.: Towards autonomous cars: the
effect of autonomy levels on acceptance and user experience. In: Proceedings of the 6th Inter-
national Conference on Automotive User Interfaces and Interactive Vehicular Applications ,
pp. 1–8. Association for Computing Machinery, New York (2014)

22. Rogers, E.: M: Diffusion of Innovations, 4th edn. The Free Press, New York (1995)
23. Tennant, C., Howard, S., Franks, B., Stare, S., Bauer, M.W.: Autonomous Vehicles -

Negotiating a Place on the Road: A Study on How Drivers Feel about Interacting with
Autonomous Vehicles on the Road. London School of Economics and Political Science,
Goodyear Europe, Middle East and Africa (EMEA), London (2016)

https://www.sae.org/standards/content/j3016_201806/


224 H. Li et al.

24. The SPSSAU project (2019), SPSSAU, (Version 20.0). https://www.spssau.com.
25. Venkatesh, V., Morris, M.G., Davis, G.B., Davis, F.G.: User acceptance of information

technology: toward a unified view. MIS Q. 27(3), 425–478 (2003)
26. Yuan, J., Zheng, Y., Zhang, L.H., Xie, X., Sun, J.Z.: Where to find my next passenger. In:

Proceedings of the 1th international conference on Ubiquitous computing, Beijing, pp. 109–
118. Association for Computing Machinery, New York (2011)

27. Zhang, H.C., Xu, J.P.: Modern Psychology and Education Statistics, 4th edn. Beijing Normal
University Press, Beijing (2009). (in Chinese)

28. Zhou, J.: Questionnaire Data Analysis - Six Kinds of Analysis Ideas to Crack SPSS, 1st edn.
Electronic industry press, Beijing (2017). (in Chinese)

https://www.spssau.com


Where is the Best Autonomous Vehicle
Interactive Display Place When Meeting
a Manual Driving Vehicle in Intersection?

Junzhang Li, Haowen Guo, Shuyu Pan, and Hao Tan(B)

Hunan University, Changsha, People’s Republic of China
{Zhanghua7,htan}@hnu.edu.cn

Abstract. Autonomous vehicle technology is becoming more and more practi-
cal currently. To drive in urban environment safely, autonomous vehicles need to
become able to convey the information to other road users, such as pedestrians or
driving drivers, and make them understand their action intent. Although theoret-
ically self-driving cars will let other road users pass through the road firstly, for
giving them psychological comfort and sense of safety during road use, certain
audiovisual interactions between autonomous car and other road users are helpful
and essential. In the current development of autonomous vehicles, there are a lot
of Automotive external interactive interfaces designs to show their intention. In
this paper, we explore driver’s understanding of five interactive display places with
three conceptual interactive modalities (text, smile, light strip) in a manual driving
car crossing the no traffic signal street situation by video study. Based on different
situations and scenes, we compared the error rate of drivers in different display
places and modalities, as well as the perception and understanding of drivers on
display places and modalities, and we found that door surface is the best place in
these places to convey the autonomous car’s purpose to the manual driving car’s
driver.

Keywords: Autonomous vehicle · Video study · Car to car communication ·
Interactive display place

1 Introduction

With the development of automatic technology, autonomous vehicles are becomingmore
and more common and universalistic in our lives which based on the urban environment.
For the classification of autonomous driving, the NHTSA and the SAE have detailed
regulations. It categorized into six levels, the level 0 of SAE is no automation, and the
level 5, which is highest, is fully automated [2]. At present, the research as well as the
growth of driver assistance systems by car manufacturers on the market has reached the
requirements of Level 2 and Level 3, and there are clear plans for Level 4 development,
and some have even started Level 5 testing [18].

Functions that help drivers navigate a wide range of traffic conditions, such as Pedes-
trian Safety and Traffic-aware Cruise Control, can already be found in the market. Also,

© Springer Nature Switzerland AG 2021
P.-L. P. Rau (Ed.): HCII 2021, LNCS 12773, pp. 225–239, 2021.
https://doi.org/10.1007/978-3-030-77080-8_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77080-8_19&domain=pdf
https://doi.org/10.1007/978-3-030-77080-8_19


226 J. Li et al.

the trend is expected to continue [1, 17]. In the complex driving environment, as a man-
ual car driver, safety and control mode, communication mode are very important [19].
But for other road users, communicating with autonomous vehicle is still a puzzle [11,
16]. To ensure that drivers have a pleasant and safe driving experience in a complex
environment of autonomous and manual vehicles that has not yet fully transformed into
a society filled with autonomous vehicle in the future [10], there have been several meth-
ods that could show cars purpose to pedestrians effectively. [3]. So far, the information
can be displayed on the exterior surface of the car. There are a lot of design spaces
inside and outside the vehicle for transmitting information [4, 20]. The audience for
these external displays may be other road users, such as pedestrians, driving drivers or
automated systems [15, 20]. A framework for dividing these display places has been
initially established and interactive device designs developed for these locations. The
research’s aim was to make comparison between different modalities and get a better
understanding of them from one manual car driver’ s perspective and compare the places
where these modalities are located and displaying, and find out the display places that
are more convenient for MVS drivers to recognize and understand.

A virtual driving situation was set up that two cars meeting with two scene states
(day and night), and two driving scenarios (stop and not stop) by creating a 3D-virtual-
animations to present different three conceptual interactive modalities (text, smile, light
strip) [5–7] on different interactive display places of AVs. We evaluated these dis-
play places with modalities by video study via virtual simulation 3D animation video
modeling. Participants were asked to watch the video and estimate the purpose of the
autonomous vehicle (to stop or not to stop).We recorded the duration of the beginning of
the video and the participants’ reaction. Then a perception questionnaire was conducted
about the five display places and three interactive communication modalities (ICM).

2 Introduction

The research core of this paper is to study the impact of the display place on the self-
driving car’s understanding of other drivers. In order to reduce the errors caused by dif-
ferent people’s different understanding of the same information transmission method,
we set up a variety of information interaction modules to be the inter-group variables.
Several studies have summarized many alternative research methods for autonomous
vehicle behaviors [8], and some of these methods have been used to compare the com-
municated modalities [3, 11]. In this study, we used an control observational method
to explore the communications between the manual vehicle and autonomous vehicle in
the video experiment. The video experiment method is easier to immerse the subject in
a virtual driving environment than the traditional experimental methods (e, g. Written
questionnaires and direct interviews) [8], and it can be more convenient to show and
more flexible to compare many kinds of combinations of different display places and
different ICM (See Fig. 1).

2.1 Participants

Thirty participants from universities participated in our project for the experiment,
including 19 men and 11 women, and the subjects were between 18–36 years old.
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Fig. 1. Five display places with three communicated modalities

All participants have driving qualifications and a certain period of driving experience.
For the driving experience of these participants, 13 of them (43%) have been driving for
more than one year. Two of them (6%) have been driving for more than 6 years. The other
participants (51%) have only about half a year to drive. The Recruitment and evaluation
of these participants were conducted from December 17 to December 18, 2019.

2.2 Display Places and Interactive Communicated Modalities

For the division of these display places and the design space of the exterior surface of the
vehicle, there have beenmany researches into it [4, 5]. Some are divided according to the
vehicle’s external surface [4], according to the interaction method carried on it [5], and
some are differentiated according to the perspective of pedestrians [8]. Essentially, cars
have used a variety of methods to visually communicate signals to their surroundings.
The flashing lights inform other road users of the purpose to turn or overtake, while
the brake lights and reversing lights inform others of important information about car
movement [4]. However, in a complex urban environment, complex and changeable
information also needs new carriers for an autonomous car. For the design of the display
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places, we build a frame based on the dimension, display area that according to the
exterior surface of the vehicle firstly, we choose the parts of this dimension car body
surface, bumper grille and windows [4].After this, we divided these three parts into five
places (bumper grille, bonnet, front windshield, door surface and side window glass)
based on the orthogonal direction of the autonomous car and the perspective of the
driver of the manual car in the scene [12] (See Fig. 2).

Fig. 2. Design of display places

In order to let participants, judge the intention of autonomous vehicle and reduce
the error caused by the same communication modalities to the experiment, we set up
inter-group variables- ICM. We designed three sets of ICM according to the existing
conceptual vehicle-to-pedestrian communication modes (text, expression, light strip)
[5–7, 13]. In addition, different behaviors (or messages) have been designed for each
ICM to demonstrate the intent of the car in the following situations: stop and not stop
(Whether manual car can cross before the autonomous car) (See Fig. 3).

Fig. 3. Design of interactive communicated modalities
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2.3 Video Setting

Based on the combinations of different display places and different ICM on an
autonomous vehicle, we made 60 videos of an autonomous vehicle viewed from the
perspective of a manual vehicle’s driver to show participants the display places and ICM
on an autonomous vehicle which moving on the no traffic signal crossroads. The vehicle
model we chosen was the Audi Q7 (5.086 m × 1.983 m × 1.737 m), and its 3D model
was obtained from Xue Xi Niu Websites [9]. We also built an environmental scene and
some devices (display, projector) which can add to the car model to show different exper-
imental combinations. The videos show a specific traffic situation that an autonomous
vehicle approaches an intersection without traffic lights, and a manual vehicle is going
to cross the intersection. The approaching car driving at a speed of 12 km/h in a 6-m
wide two-way motorway environment. During car driving (video playback), there are
three key positions regarding the movement and behavior of the autonomous car (See
Fig. 4).

Fig. 4. Top view of virtual environment (The Fig. shows the meeting between the white manual
driving vehicle and the yellow autonomous vehicle in the video, the autonomous vehicle is in
motion, and the three yellow lines show the distance between the three stages of the driverless
vehicle) (Color figure online)

Position 1: When the video starts to play, autonomous vehicle is approaching from the
position.
Position 2: Different ICM on different display places start to present different behaviors
to convey information (stop or not stop). Currently, the vehicle is 15 m away from the
meeting point.
Position 3: When the video ends, the vehicle arrives at the position, and the participant
needs to judge the next behavior (stop or not stop).

2.4 Procedure

Set up a laptop with a 15.6-in display for video experiments. Informed consent was
obtained from each participant. In the experiment, participants need watch the videos,
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and after the video ends, judge the purpose of the car (stop or not stop) according to the
combination of different display places and different ICM on the vehicle displayed in
the video. According to the three interaction modalities (text, expression, light strip), We
divided the video experiments into three groups. Each group contains 20 videos, every
4 videos constitute a display place part. Each 4 videos contain 2 videos showing the
situations of the approaching autonomous vehicle intending to “stop”, while 2 videos
show the situations of the autonomous vehicle trying to “do not stop”, 2 videos show
the scene of autonomous vehicle driving in the daytime while 2 videos show the scene
of driving at night. Five part of five different display places constitute to a section of a
communicating modalities.

Participants are also divided into three groups and conduct video experiments (watch
the video) under the three sections of communicate modalities to reduce the impact of
the understanding of the ICM on the display places research. The sequence of videos in
every experimental group is random. Before the start of the experiment, the instructions
to the participants about the video experiment are as follows: “Hello, you will watch 20
videos in the test which will be performed later. Please imagine you are a driver and you
are driving the car in the videos, observing a driverless car that is about to approach to the
intersection and meet you. (showing a video screenshot) You will observe it and judge
its intent (stop or not stop). Each video can be watched only once and you need to make
your judgment on this video. When making a judgment, you don’t need to consider
the speed of the car. You will observe the following five places (showing five video
screenshot). The interaction mode you will observe is this (showing a video screenshot),
we will not answer your question until the entire video experiment is over. After the
video experiment, Participants are required to make a feeling judgment by filling out the
questionnaire about the understanding of various display places and interaction modes.
The questionnaire is divided into five levels, “very easy to understand” is level 1, “very
difficult to understand” is level 5. (See Fig. 5).

Fig. 5. Screenshot of questionnaire
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2.5 Data Measurement

We counted and calculated the error rate of the participants’ judgment on the behavior
purpose of the autonomous vehicle in the video. The overall error rate was calculated
firstly, and then we calculated the error rate of the participant’s judgment in two different
situations (stop/not stop) and two different scenes (day/night). And we calculated the
error rate of the participant’s judgment in five different display places (bumper grille,
bonnet, front windshield, door surface and side window glass), three different ICM (text,
smile, light strip). Also, we recorded the judgement time between each time participants
saw the video and responded in five different display places [16].

3 Result and Discussion

For different data, we did ANOVA (analysis of variance), significance tests and descrip-
tive statistics. At different places, these five sets of data on participants’ judgement error
rate contribute to the consequence that the door surface is better than front windshield,
and the door surface will efficiently convey information to other road users by installing
ICM which can express autonomous car’s purpose to the manual driving car’s drivers.
And the information on the door surface is more noticeable and understandable than the
information on the windshield. This result can be confirmed by the data in the Fig. 6
(the overall error rate was 46.67% in the place 1: bumper grille, 53.33% in the place 2:
bonnet, 57.50% in the place 3: front windshield, 38.33% in the place 4: door surface,
and 44.17% in the place 5: side window glass.).

Fig. 6. Error rate: overall

Figure 6 illustrates the error rate when the car intends to stop with bumper grille at
55%, with bonnet at 61.67%, with front windshield at 63.33%, with the door surface at
46.67%, and with side window glass at 48.33%, on the other hand, 38.33% in bumper
grille, 45% in bonnet, 51.67% in front windshield, 30% in the door surface, and 40% in
sidewindow glass, when the car will not stop. From the information in the chart, the error
rate of the first situation (the car will stop) is generally higher than the other situation (the
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car will not stop), most participants tend to choose not to stop the self-driving vehicle.
This experimental result may be caused by the vehicle not slowing down in the video.

Analyzing data shown in Fig. 7 with ANOVA, we found no significant differences
in these two situations in all places, from this we can know that the two indication states
of the ICM are different for the participants, so the ICM have experimental significance.

Fig. 7. Error rate: two different situations

Analyzing the results shown in Fig. 8 with ANOVA, we found no significant dif-
ferences in these two scenes in all places. It also illustrates that in the display places
and ICM we designed, the participants will not be affected to judge and understand the
autonomous car’s purpose by the day or night.

Fig. 8. Error rate: two different scenes

Figure 9 is about the error rate comparison of five display places in the same modal-
ities and the error rate comparison of three ICM in the same places. Among them, the
error rate of place 4 is the lowest in the mode of light strip (45%) and the mode of smile
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(37.50%), and the mode of text. (32.50%). Figure 10 shows that the error rate of three
different ICMwas 54.50% in mode “light strip”, 47% in mode “smile”, 42.50% in mode
“text”, we found no significant differences in these e three groups of data in these two
charts.

Fig. 9. Error rate: combinations of ICM and display place

Fig. 10. Error rate: three ICM

From the results of the data analysis, we found no significant differences in differ-
ent data groups and the data were not statistically significant. Also, for the interactive
communicated mode of text, the error rate obtained is too high, which is inconsistent
with the pre-experimental results and related paper research [4]. It shows that the text
module information is not clear. During the experiment, the set text interaction mode
tends to indicate the driver’s behavior, and the participants were required to identify
the autonomous car’s behavior, it will give the participants a certain cognitive illusion,
which will cause their cognition to be completely reversed. Based on our main research
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purpose for display places, we asked the participants and explained the intent of the text
mode. The participants asked us to convert the data (100% error rate to 0% error rate).
The resulting graph, as shown in the Fig. 11 and Fig. 12.

Fig. 11. Error rate: combinations of ICM and display place (Amend)

Fig. 12. Error rate: three ICM (Amend)

Figure 11 shows the error rates for places one to five in the text mode are 15%,
32.5%, 40%, 12.5%,12.5%.The error rates for places one to five in the smile mode are
57.5%, 55%, 45%, 37.5%, 40%,and the error rates for places one to five in the light strip
mode are 47.5%, 52.5%, 67.5%, 45%, 60%. It illustrates that place 4 and place 5 (Side
direction: door surface and side window glass) are better than place 3: windshield to
install the mode “text” to communicate with other drivers.

The error rate of mode “text” shown in Fig. 12 was 22.50%. After analyzing the data
with ANOVA, the error rate in the mode text show that it is significantly different from
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the other two error rate. It shows the text will be the best modalities and it could easily
convey the information to drivers.

Figure 13 shows mean effect judgement time was 8.45s in place 1: bumper grille,
7.97 s in place 2: bonnet, 7.72 s in place 3: windshield, 6.59 s in place 4: door surface,
8.28 s in place 5: sidewindowglass. Using theANOVA to analyze the results, it embodies
there are significant differences between place 4 and other display places. It embodies
that the information in place 4 can be more quickly understood than other display places,
with better significance and comprehension. At the beginning of the experiment start,
the judgement time was long (13–15 s), as the number of experiments increased, the
required time slowly decreased and finally stabilized at 6–7 s, see Fig. 14. It embodies
that the participants did not understandwhat the twomodes of the ICM represented at the
beginning. After the number of experiments increased (the number of videos watched
increased), the participants had his/her own judgment on the interactionmode andmostly
judged the autonomous car’s purpose based on the display places. Their judgment time
is about the end of the video playback.

Fig. 13. Judgement time of different places

We collected questionnaires and analyzed the data statistically, the participants’
perception of the three ICM and the five display places are respectively illustrated in
Fig. 15 and Fig. 16. The former indicates the text is more readable for drivers. The latter
indicates that place 1: bumper grille is the most understandable and noticeable display
places and place 4: door surface also is a better place than other three.
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Fig. 14. The trend of judgement time

Fig. 15. Understandability of ICM

Our experimental participants are limited, the samples are relatively limited, the
number, age span, and driving age span are not large enough. The preparation time for
the entire experiment is not enough (but the minimum sample size of 30 degrees of
freedom is met). With certain human intervention and errors, the immersion may be
improved, and more realistic experimental methods may be used in the future. In the
future, there can be more choices and research on the choice of places and ICM.
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Fig. 16. Understandability of display places

4 Conclusion

This study compares three potential ICM (light strip, smile and text) on five display
places (bumper grille, bonnet, front windshield, door surface and side window glass)
for autonomous car and a manual driver meeting at a narrow intersection without sig-
nal lights. Through show different modalities in different places, vertical and horizontal
comparison, our video experiment concluded that place4: door surface is themost under-
standable and noticeable display places that can efficiently convey information to other
road users by installing ICMwhich can express autonomous car’s purpose to the manual
driving car’s drivers. Figure 6: Place4 has a lower error rate than place3, Fig. 13: Place4
has the shortest judgment time and Fig. 16: Place4 is the most well understood. The
results also show that drivers are more likely to believe that the vehicle will not stop
if they are not clear about its purposes (Fig. 7). In addition to the display places com-
parison, we also draw conclusions from the comparison between different interactive
communicated modalities. The results show that the text can better express the purpose
of the car to the driver than the other four modalities.

5 Future Works

This inquiry is mainly focused on visual interaction between car drivers. There are many
types of interactions at this stage. Such as car to car Internet information transfer model.
In the future, we will also study a variety of information transmission methods, which
will be related to the places explored in this article, and explore themost suitable options.
Secondly, other forms of interactions in autonomous cars, such as sound, and specific
interactions such as alerts, are worthy of further investigation. According to the different
stages of the development of unmanned vehicles, we may establish different models of
unmanned vehicles. Its interactive use conditions and functionsmay change accordingly.
Depending on the degree of intelligence, the object-orientedwill also be different. For the
self-driving cars defined by our experiments today, we mainly explored the perception
of location by specific road users in specific scenarios. To further expand our research,



238 J. Li et al.

we will plan to simulate more typical scenarios, such as simulating parking, parking,
overtaking, and emergency braking.Wewill divide the places more finely. Therefore, we
may come up new questions: In terms of the places displayed by the visual interaction
device, in which interaction mode is it more efficient? How should autonomous vehicles
interact with other drivers, including drivers behind autonomous vehicles? and many
more.
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Abstract. We conducted a study to evaluate the user-friendliness of different
pitches of auditory cues in autonomous vehicle scenarios under the objective and
subjective evaluation criteria. First, we designed 6 different pitches of cues to
test how intuitive they are at learning and how accurate they are at matching 6
emergency levels. And thenwe carried out a survey using a questionnaire to collect
subjective preference for these pitches. Finally, experimental results demonstrated
that the lowest and highest pitches were more intuitive in learning, while those
in the middle range required more effort to match and were more likely to cause
errors in recognition. The subjective preference showed that cues with relatively
low and high pitches received the most popularity from participants. And cues
with higher pitches were often more interrupting, and occupied more attention.
Combining the results of objective test and subjective preference, we believed that
the pitches in the middle range were less user-friendly than the lower and higher
ones.

Keywords: Auditory cue · In-vehicle information · Pitch · Informative
interruption cues

1 Introduction

Autonomous vehicle has been one of the hottest topics around the globe in 2019. It is
commonly predicated that more and more companies will try to develop autonomous
vehicles around 2020 [12]. In the dawn of the revolution in autonomous driving, the
era is beckoning us to improve the in-vehicle system to create a perfect experience for
people.

As cars become more and more autonomous, when autonomous driving technology
reaches SAE Level 4 [25], the primary attention of drivers starts to shift from driving
the car into some activities that only passengers can do nowadays such as daydreaming,
writing text messages and calling [8]. In this way, driving will become a dual-task
activity in autonomous vehicle scenarios. So, the diversion of driver’s attention must be
thoroughly designed to strike a balance between driving-related information and less
important information.
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In order to provide secondary information for drivers, the concept of in-vehicle infor-
mation systems (IVIS) are introduced [27]. IVIS include a great variety of information,
such as navigation, driving monitoring, road condition updates, hazard warning, and
email notifications [13, 14]. However, as the amount of information increases, the infor-
mation is more likely to influence driver’s attention and cause more distractions. Thus,
IVIS should be carefully designed to maximize the transmission validity and minimize
the disturbance of attention [17].

In previous studies, the effective communication of multimodal warnings (such as
auditory, tactile warnings) in the manual driving scenarios have been thoroughly eval-
uated [2, 13]. However, in autonomous vehicle scenarios, the driving condition and the
driver’s attention will be quite different than before. In order to match the new criteria
and condition, the modes of notifications in IVIS will be reappraised and the alert of
different information will be redesigned.

1.1 User-Friendliness

As the basic design guideline, if the in-vehicle information is thoroughly and carefully
designed, it should implement its function of delivering information. In the area of IVIS,
it is supposed to draw the attention of drivers in the first place (interruption). Then pass
the exact content that it carries to the driver, and at the same time allow them to fully and
correctly understand (identification). However, even if it is able to deliver the message
effectively, it can only be successfully implemented if user’s preference can be ensured
[26]. Therefore, it should give the driver a better, friendly impression as well as avoid
making the driver feel impatient or annoyed (subject preference). In this study, we aimed
to evaluate the user-friendliness of different pitches based on various factors, such as
interruption, identify difficulty, and subject preference [23, 24].

1.2 Type of Cues

In previous studies, informative interruption cues (IIC) have been proved to be a promis-
ingmethod to achieve the goals of IVIS [1]. The information they convey has two dimen-
sions: the arrival of the coming information and implicit message within the information
itself [15]. IIC reduce the information transmission time and thus create a comfortable
buffer zone for drivers to manage the diversion of their attentions.

To form this “buffer zone”,we need highly efficient IIC. They shouldmeet the criteria
of pre-attentive reference, which aims to determine whether signals can be received with
minimum attention: 1) The signals are supposed to be received in parallel with ongoing
task. 2) It should provide rough messages about what the cue is referring to. 3) Intuitive
and natural, it is not supposed to consume unnecessary attention [11]. The auditory,
tactile, visual and multimodal notification modality have been evaluated to compare
their effectiveness of delivering the message [28].

For driving autonomous cars mostly requires the visual attention, auditory or tactile
cues might suit the form of IIC better [9]. Also, according to a large-scale web survey,
most people would like to hear or watch something in autonomous cars, such as listening
to music, chatting, and looking around [8]. In addition to that, auditory sense triumphs
over visual sense in interruption management [10]. Under these evaluation criteria, we
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picked up a simple alarm sound with a single syllable to carry the message, which was
able to avoid the misleading information that melody and voice might bring.

To further design the auditory cues, we should consider which acoustic parameter,
such as such as the loudness, pitch, speed, pulse rate and duration, is more significant
in autonomous driving scenarios [2, 5, 19, 20]. Those acoustic parameters have been
proved to affect the perceived urgency of auditory warnings [29]. However, in different
circumstances, people have different perceptions of loudness. What we feel is mostly
relative loudness instead of absolute loudness. Besides, in previous studies, the variation
of pitch has been proven to be more significant meaning for the change of urgency [2,
5–7], which is the main information for IIC to deliver. Therefore, in this study, we chose
auditory cues as IIC and conveyed the emergency levels of messages in pitches rather
than the pulse or loudness.

1.3 Design of Cues

We set up 6 priority levels of urgency to match with the common 3 kinds of information
in IVIS. Table 1 showed the match between priority levels of urgency and information
in IVIS. Level 1 and 2 were matched with non-driving-related information (such as
email), representing the lowest priority level of urgency; level 3 and 4werematched with
driving-related unidirectional notification, which is no need for feedback operation (such
as weather updates), representing the middle priority level of urgency; and level 5 and 6
were matched with driving-related alert that requires feedback operation, representing
the highest priority level of urgency. The whole purpose of design of cues was to seek the
most natural and intuitivematch between different cues and perception levels of urgency.
In this way, people were able to understand the partial information the cue carries with
minimum effort.

In order to evaluate how well the IIC matches priority levels of urgency, we chose
earcons [18] (such as beep) rather than auditory icons [16]. Due to its abstract sound,
it carried absolute pure sound information without any implicit message, and thus
eliminated the misunderstanding which other sounds might remind people of [3].

We focused on one sound parameter, the pitch, to explore its extreme effectiveness.
First, we chose a short beep from internet as the basic auditory cues. Then we changed
its pitch with AU (Adobe Audition) into 6 different versions. The pitch interval between
different cues was equal (10 chromatic scales). In the meantime, we guaranteed that the
loudness (−15 dB) and length (4 s) of the audio remained the same. Also, the whole
pitch range was neither too small to tell the difference, nor too big to make them sounded
weird [2]. According to some previous studies, an increase in pitch usually increases
the urgency of an auditory cue [2–5]. According to this conclusion, we matched pitches
with priority levels of urgency from the lowest to the highest.
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Table 1. The match between priority level of urgency and information in IVIS

Level of urgency Information

1 (Lowest) Non-driving-related information

2

3 Driving-related unidirectional notification

4

5 Driving-related alert

6(Highest)

1.4 Aim of the Paper

The purpose of our study was twofold: 1) verifying different pitches of auditory cues on
the difficulty of learning and perception; and 2) judging the subjective preference caused
by the variation of pitches. In this paper, we would like to create several evaluating
criteria of objective effectiveness (intuitiveness, interruption) and subjective preference
(interference, standard pitch) for user-friendliness of different pitches of auditory cues.

2 Methods

For user-friendliness is mostly influenced by the objective and subjective opinions. The
experiment consisted of two parts, objective test (learning and testing) and subjective
preference (questionnaire).

2.1 Participants and Procedures

There were twenty participants in the experiment. Nine women, eleven men, aged 18–
47, and none of them had hearing problems and obstacles in pitch recognition. After
a brief introduction, participants started to learn the auditory cues of different pitches.
Then the participants needed to recognize the sound of different pitches that appeared at
random time intervals when they were doing the secondary task (playing a game named
“happy elimination” on iPad), using this method to verify the learning effect of the first
part of the experiment. There were twelve tasks in the test. Six different pitches of audio
appeared randomly. And in the end, they filled out a questionnaire about the subjective
preference for different pitches of cues.

2.2 Objective Test

Awell-designed auditory cue should be received intuitively and with a high rate of accu-
racy. Therefore, we designed two experiments to test the intuitiveness and recognition
accuracy of different cues.
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Auditory Learning Tasks. First, the participantswere presentedwith a six-button inter-
face which is shown in Fig. 1. Every button had the same size, and were color-coded.
Six colors changed from green to red (green, yellow-green, yellow-orange, yellow-red,
and red) in sequence correspond to six levels of urgency.

Second, participants were asked to click on six buttons of different colors at will and
then remember how each urgency matches the audio of different pitches. They could
click on the 6 buttons in any order. The number of times for participants to experience
was unlimited. It was entirely up to them. When they were sure that they have learned
how the six different pitches of auditory cues match with the six squares (representing
the six emergency levels), they were supposed to stop and start the test section.

We recorded the number of times they tried on each button to see howmuch it would
cost to establish the match between the pitches and emergency level.

Fig. 1. The interface of the learning session. (Color figure online)

Auditory Cues Recognition Task. Based on what they learned in the previous section,
this section mainly tested how accurately they could match the pitch with the corre-
sponding level of urgency after hearing a cue of a certain pitch. The buttons and the
screen were exactly the same as the learning section.

During the experiment process, Participants were asked to play a game on iPad (as
the secondary task in autonomous vehicles), and in the meantime, click on the button
which corresponds to the pitch when they heard an audio (Fig. 2). The time intervals of
different auditory cues were random (5 to 30 s). There were 12 tests in this section, and
each pitch was tested twice in a random order.
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Fig. 2. The identification test on one iPad and the secondary task on the other

2.3 Subjective Preference

Questionnaire. To explore the subjective preference of each pitch, we gave our par-
ticipants a questionnaire with 4 questions after the previous two tests, using a Rickett
method to score from 1 to 10, and a sorting method to rank from 1 to 6.

Condition Preference

Overall Favorite Pitch. Ask the participants to choose one pitch of the cue that they
want to use in their future autonomous cars.

Benchmark Pitch for Comparison Judgment. Ask the participants to determine which
is the standard pitch when they were identifying.

Comfort Judgment

The Pitch of the Best Recognition. Ask the participants to decide which pitch of the
audio is easiest to learn.

The Pitch of the Highest Interference Degree. Ask the participants to recall which pitch
of cue sounds most interrupting.

2.4 Measures

To construct the measurement of this study, we used two kind of performance methods
and one subjective evaluation method. The first two sections were to test objective
factors, learnability and intuition, and the last one was to test subjective factors, such as
preferences.

Times of Learning. The number of times participants clicked on each auditory cue
proves the cost of learning the pitch. Themore times they experienced, the more learning
efforts it would cost [21, 22].
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Recognition Accuracy. The accuracy of recognition of different pitches in the test
proves the results of learning section. If they learnt pretty well in the learning section,
the accuracy would be higher.

Subjective Judgment. The interference degree of each audio (makes participants feel
offensive, noisy, harsh, dull, etc.) and the simplicity of learning (makes participants feel
easy to remember and learn) performs a subjective evaluation. We used a 10-point Likert
scale ranging from 1 (strongly disagree) to 10 (strongly agree).

3 Results

3.1 Cue Learning

Times of Learning. The number of times participants experienced of different pitches
varies from person to person. In this session, the highest number of times participants
played was 14, while the lowest was only 1. According to our observation, we find it was
mostly influenced by the character of participants. The more cautious they seemed to
be, the more times they might experience. But in general, we can still see how different
pitches influenced the number of times of their learning.

Urgency Matching. The less a pitch is likely to be experienced, the less effort partici-
pants need to make to match it with the corresponding urgency. On average, the number
of times participants experienced in each pitch was 6.8. Figure 3 showed the average
amount of times each pitch had been experienced. Comparing the six pitches of auditory
cues, ANOVA indicated that the pitches in the middle part (pitch 3, 4) required more
effort (8.0 and 7.7 times) for participants to learn (F (5, 66) = 5.36, p < .001). This
showed that the lowest and the highest pitch (pitch 1, 6) were more intuitive to match,
while the pitches lay in the middle require more effort to match. Especially, when the
sound fell into the pitch range which is similar to our daily life (the third or fourth pitch),
it became a lot harder for people to identify.
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Fig. 3. The average amount of times each pitch had been experienced
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3.2 Testing

Recognition Error. The average recognition error in this section was 17.2 times.
ANOVA showed that the third and fourth cues were more likely to be misjudged (F
(5,114) = 4.491, p < .001). The overall recognition errors of each pitch were demon-
strated in Fig. 4. As the pitch increases, the number of identification failures started to
increase, and reach the top around the third pitch, and then gradually fall back. According
to this, it was the highest and lowest pitches (pitch 1, 6) that best fit with participants’
perceptions.

Interestingly, even though participants spent the most time on the third or fourth
pitch in learning section, they still got confused when it comes to test, which further
proved that the medium pitches were less intuitive andmore likely to cause identification
failures.

In this way, it is better to use the lowest and highest pitches of cues in circumstances
where identification accuracy is of greater importance.
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Fig. 4. The total numbers of identification failures of all participants.

3.3 Subjective Preference

Difficulty of Identification. Figure 5 demonstrated the subjective average score of each
pitch on identification difficulty (out of 10). ANOVA presented that different pitches had
significant impact on identi-fy difficulty (F (5, 17)= 31.2, p< 0.01). The result perfectly
corresponded to the out-come of objective identification failure in the test section, which
added more proof to the point that pitches in the middle range lacked of intuition and
required more effort to learn.



248 X. Ren et al.

Fig. 5. The subjective evaluation on difficulty of identification

The Overall Preference. Figure 6 showed the average preference score of different
pitches. According to the data, the lowest and highest pitches (pitch 1, 6) received the
most preference from participants (9.2, 9.5 score). Also, participants relatively preferred
higher pitches (pitch 4, 5, 6) than lower pitches (pitch 1, 2, 3). One participant explained
that the lower pitches reminded him of noisy sound, such as the car horn, while the
higher pitch was clearer and crisper.
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Fig. 6. The subjective preference of six pitches.

Benchmark Pitch. 35% of the participants chose the lowest pitch as their standard
when it came to judging. Other than the lowest pitch, it was the highest pitch that they
also prefer to choose (Fig. 7). This demonstrated that people tended to choose a pitch
with a significant intuitive character for them to establish their standard. It suggests us
to match the most intuitive pitch (pitch 1 or 6) with the most important kind of cues,
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because the more intuitive a standard pitch is, the easier it is for people to establish a
judgment system.
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The Degree of Interference. In terms of the overall trend, as the pitch rose, the audi-
tory cues became more and more interrupting, and consumed more attention (Fig. 8).
However, between cues of same priority level of urgency (1 and 2, 3 and 4, 5 and 6),
participants believed the cue with a lower pitch is slightly more interrupting than the
higher one. The sound of relatively lower pitch was more resonant and occupy more
attention. And the sound of higher pitch was more interrupting. So, when it comes to
shifting attention, using the highest or the second highest pitch for the auditory cues
would be more interrupt-ing and informative.
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4 Discussion

4.1 Design of the Experiment

The design of our experiment still can be improved: 1) Although we set the gap between
two pitches as big as possible, participants still found it quite difficult to identify the
neighboring pitches, which made them end up guessing rather than judging. 2) Also,
due to the limitation of time and conditions in the experiment, the age structure of our
participants was rather unsatisfactory, which did not cover all age levels of the potential
users of autonomous vehicles.

4.2 User-Friendliness

Combining the results of objective test and subjective preference, we believe that the
pitches in the middle range are less user-friendly than the lower or higher ones.

In the aspect of IIC design in IVIS, we suggest that it is more user-friendly to use
auditory cues with lower pitches for non-driving-related information (lowest interrup-
tion, lowest identify difficulty, and high subjective preference), and higher pitches for
driving-related alerts (highest interruption, low identify difficulty, and high subjective
preference) in ideal circumstances where there is not any interference of other factors
(Table 2).

Table 2. The match between information in IVIS and pitch of cues.

Information in IVIS Pitch of cues Criteria

Non-driving-related
information

Lowest Lowest interruption
Lowest identify
difficulty
High subjective
preference

Driving-related alert Highest Highest interruption
Low identify difficulty
High subjective
preference

5 Conclusions

Aiming to create criteria of learnability, intuitiveness, and subjective preference for
user-friendliness of different pitch of auditory cues in autonomous vehicle scenarios.We
designed and conducted a study to evaluate the user-friendliness by providing 6 different
pitches of cues (of IVIS and IIC) to test how well they matched with 6 levels of priority
of urgency. Experimental results demonstrated that the lowest and the highest pitch
were more intuitive to match, while the pitches lay in the middle range required more
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effort to learn. Also, with the increase of pitches, the number of identification failures
started to increase, and reached the top around the third pitch, and then gradually fell
back. The subjective preference showed that the lower pitches were promising choices
to be the standard of identification. Besides, the auditory cues became more and more
interrupting as the pitch increased. Generally, cues with low or high pitches received the
most preference from participants, and participants relatively preferred higher pitches
than lower pitches.

However, the circumstance of autonomous vehicle is usually too complex tomeasure
with few criteria. In different conditions, the importance of urgency, intuition, interrup-
tion, and subjective preferencemight be totally different. Therefore, the user-friendliness
of these pitches would vary from situation to situation. In this paper, we provided several
criteria on these aspects. Hopefully, in some specific ideal scenarios, we may find the
right coefficient for each criterion to unify the factors into one function, and then figure
out the specific value of user-friendliness that we are pursuing.
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Abstract. Many driving collisions are caused by the existence of blind spot, and
traditional warning systems using visual and audio channel produce very little
effect. This paper investigates the effect of three novel haptic feedback (thermal
feedback, cutaneous push and ultrasonic feedback) on the steering wheel by a
series of driving simulator experiments. We evaluated the results by recording
the turning recognition accuracy and two subjective scales. Experimental results
showed that cutaneous push was the most comfortable feedback, with the least
annoyance and complexity. Ultrasonic feedbackwas best accepted by participants,
although it was thought most complex. Thermal feedback was hard to recognize
because of the gradual characteristic, however some participants felt comfort-
able in this condition. Our findings are significant in delivering different type of
feedback to drivers according to their preference and the actual condition and
maintaining relatively low mental workload at the same time.

Keywords: Haptic feedback · User experience · Steering wheel · Blind spot

1 Introduction

Objects in blind spots are invisible to drivers, and the existence of blind spots in actual
driving condition has led to high ratios of risk such as crash and near crash [1]. In China,
there are 500,000 traffic accidents every year. 30% of them are caused by blind spots,
compared with about 20% in the United States. In 2018, 53.41% of the truck accidents
in Shenzhen was caused by blind spots [2], with the death toll accounting for 52.75% of
the total.

Blind Spot Warning system (BSW) has a significant impact on road safety. Visual
and audial channels are widely used in the existing systems. However, driving is vision-
demanding, since 95% of the information is acquired and identified by vision [3]. And
audio alarms may be masked by noise (natural or artificial) or may not be understood
due to language barrier [4]. Wickens’ Multiple Resource Theory proposed that diverting
the secondary task to the unoccupied region of brain can enlarge the total processed
information amount [5]. Haptic channel is underutilized, and worthy of being researched
to reduce driver’s workload.

Visual BSW such as flash signal lights on the sidemirrors or A-pillars diverts driver’s
attention from the main driving tasks, so it increases the collision risks to some extent.
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Audio feedback, including speech and non-speech [4], canminimize the visual presenta-
tion of information, but the results are not always as desired. Haptic feedback is effective
to overcome these drawbacks. This paper investigates thermal feedback, cutaneous push
and ultrasonic feedback from the recognition accuracy and driver’s subjective experience
and presented evaluations of haptic warning effect.

2 Related Work

Vibrotactile feedback has been well tested as a warning signal, including BSW when
changing lane [6, 7], forward collisionwarning [8], lane-departure situationswarning [6],
etc. Typical examples are vibrations applied on the steering wheel or seat pan. However,
the location of the exact vibration is hard to identify, and it would be concealed during
the drive.

Thermal feedback by heating the steering wheel has been investigated effective for
lane changes [9], where 88.57% of the participants changed correctly. Cutaneous push
feedback for the palm region can provide distinguishable directional information [10].
It has great significance in blind spot warning.

The development of the tactile network makes it possible for people to physically
interact with the real environment through tactile experience [11]. One of the major
current trends in the research of tactile display technologies is ultrasonic. Ultrasonic
friction reduction is a feeling of air lubrication. Thefingertip touches the over-pressurized
air layer on the vibrating surface, which feels more lubricative because the squeeze film
effect reduces friction [12].

Considering previous studies, we conducted the following study.

3 Study

3.1 Method

The three types of feedback were tested respectively in a driving simulator. We used
NASA TLX questionnaire and another 5-point Likert questionnaire to enquire user
experience, and then conducted semi-structured interviews to collect participants’
comments.

3.2 Experimental Variables

The independent variable is feedback types (thermal, cutaneous push, ultrasonic). The
dependent variables were the warning recognition accuracy (including do the task right,
wrong and not recognize), perceived mental workload (NASA TLX workload), subjec-
tive ratings of the four aspects (comfort and acceptability as positive aspects, annoy-
ance and complexity as negative aspects). Furthermore, we conducted semi-structed
interviews to collect users comment on the subjective feelings.
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3.3 Hypothesis

Hypothesis 1: Thermal feedback will be more comfortable than cutaneous push.
Hypothesis 2: The acceptability subjective rating for ultrasonic feedback will be higher
than the other two type of feedback.
Hypothesis 3: The ultrasonic feedback will be more complex than the cutaneous push.

3.4 Apparatus

The study was conducted in a college Automobile Human–Computer Interaction Lab-
oratory in a driving simulator. There was a Logitech steering wheel equipped with the
warning facilities and a computer showing the driving scenario in the city. They drove
on two-lane roads and were required to keep a speed of about 50km/h. The default of
automobile number is 10%. Participants wore a Sony headphone to mask any external
sound and get an immersive experience by presenting real condition noises.

When testing the thermal condition, we affixed a Peltier of 2× 2 cm in size [13] and
a heating trough to both sides of the steering wheel. When gripping the steering wheel,
the Peltier would present warm to the palm region (see Fig. 1).

Fig. 1. Thermal haptic equipment with Peltier elements.

The cutaneous push was created by embedding two solenoids into each side of a
pre-drilled metal steering wheel according to the experiments of Shakeri et al. [10]. The
solenoid pins come out up to 5 mm, exerting a force up to 4.18N (see Fig. 2).
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Fig. 2. The steering wheel with two solenoids embedded into each side of it.

The Ultrasonic device is made up by a pair of vibration creators, which create ultra-
sonic vibration to the display surface [12]. By controlling the frequency of the ultrasonic
vibration, we varied the haptic sensation of roughness (see Fig. 3).

Fig. 3. The ultrasonic was created by the vibrators and transited through the horns to the display
surfaces it.
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3.5 Experiment Design

Figures No other feedback was given to indicate the obstacle in the blind spot, so the
driver should completely depend on the haptic warning. Previous studies give haptic
feedback from the side of the turning direction [14]. In our study, we used a questionnaire
and open review in advance to collect the participants’ preference of whether the turning
direction should be consistent with or opposite to the warning direction. 12 participants
tended to steer to the opposite direction of the feedback. They said that because the
meaning of feedback was a warning of obstacle and danger, it was an instinct reaction
to avoid. So in our experiments, the turning direction is the opposite side of the haptic
feedback. And at the end of the experiment, 14 participants told researchers that turning
in the opposite direction was more appropriate. Two of those who preferred the same
side at first came around to the opposite after having a try.

In the thermal feedback condition, the starting temperature of the steering wheel is
32 °C [15], and the participants already adapted to this temperature before the formal
experiment. The initial temperature was changed at a rate of 1 °C/sec and resulted in
35 °C for the side of coming obstacles. Participants were instructed to brake on receiving
the feedback and turn the steering wheel immediately. Researchers can identify if the cue
was recognized correctly by monitoring the drivers’ behavior and the computer screen.
The temperature would maintain at 35 °C for 3 s and then would drop to the neutral
temperature in one second.

When testing the second type of feedback, the solenoid pins from the side of warning
pushed the thenar of the palm, keeping constantly for 3 s. Then they would move back
to the steering wheel.

The third condition was ultrasonic feedback. The frequency of vibration when ordi-
nary driving was 36.5 kHz, and it rose to 67.5 kHz to create a smoother feeling when
presenting the warning [12].

The three types of haptic warning were tested independently. There were twelve
obstacle-avoiding tasks in each test, and the time when and the direction from which the
obstacle appeared was presented randomly.

When the participant perceived the haptic cue, he/she must turn the steering wheel
to the opposite side of the cue and brake until the car fully stopped.

After finishing one task, the participant had enough time to restart the car and
get adjusted until the car was running at a constant speed again, except that in each
experiment therewere 2 tasks presented consecutively to simulate the real road condition.

Since the warning may be presented from either left or right, they were forced to
cover the facilities with both hands so that they can perceive to feedback through palm
regions.

3.6 Participants

Before the experiment,we asked the participants about their simulated driving experience
(including VR, driving games, etc.) and whether they had exposed to tactile feedback
(such as mobile phone vibration prompt, etc.). Three of the participants have not experi-
enced virtual driving related equipment and all of them had ever received related tactile
cues.



258 J. Tao et al.

The experiment started by reading and signing a non-disclosure agreement. Also,
a questionnaire about demographic data and their preference of turning direction was
asked to fill.

The participants drove for about 5 min to adapt to the driving apparatus and the
road condition, without being presented with any warning signals. Researchers then
introduced all the three feedback and the required actions including pressing the pedal,
turning the steering wheel to avoid collision and keeping in the middle lane during
the main task. After training, participants wore the headphones to create the driving
atmosphere and took part in the first task of thermal feedback (see Fig. 4).

Fig. 4. Experimental set-up of the study.

Drivers usually came to crossroads and curves in order to simulate the real driving
condition. Experimenters stood beside to observe and record the performance during the
main task for counting the recognition rates and the final interview.

The participants then completed a NASA-TLX questionnaire and another Likert 5-
point scale questionnaire rating four subjective feeling aspects of the feedback, including
comfort and acceptability as positive ones, and annoyance and complexity as negative
ones. Then a semi-structured interview was conducted face-to-face. The questions of the
interviewwere open-ended and covered participants’ general experiencewith the driving
simulator, attitudes to the haptic feedback, the obviousness of each type of feedback,
and expectations of the improvement of the experiment. Apart from that, to know about
their trust in the system, we asked if they would continue to trust the system after reading
news about traffic accidents resulting from the driver’s dependence on the haptic blind
warning system Their comments gave us an insight into users’ expectation of a system’s
feedback. The second and third test were conducted following the same procedures.
Finally, the participants were asked to rate the three feedback by the warning effect.
They were also asked if turning to the opposite side of the feedback felt appropriate
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and if the preference of turning side had changed. It took about an hour to finish each
experiment, and the participant received 15 yuan as a reward.

4 Results

4.1 Recognition Accuracy

There were 180 overall stimuli presentations in each type of warning. The recognition
accuracy was the highest in cutaneous push with 94.4%. Nine tasks were not recognized,
and one task was done in a wrong way. 93.9% of the tasks were done correctly in the
ultrasonic condition. Ten tasks were ignored and also only one task was done incorrectly.
In the thermal condition, 65.6% of the presentations were done correctly, and seven tasks
were recognized but done incorrectly, while 58 presentations were completely ignored.
The majority of the mistakes occurred in the turning conditions, or in the junctions.
When the feedback was presented consecutively, the second one was hard to recognize.

4.2 Subjective Feedback

The 10-point scaled NASA TLX questionnaire collected data of 6 index indices (mental
demand, physical demand, temporal demand, performance, effort, frustration) to eval-
uate participants’ subjective workload. Differences in the overall workload were not
significant (Z = 0.710, p = 0.478), and each of the six aspects was also not significant.
Because participants generally commented on the feedback “direct and specific” in the
interviews, the workload is low. The data were normally distributed and evaluated with
LSD (Least Significance Difference Test).

The subjective ratings of acceptability, comfort, complexity and annoyance were
normally distributed and evaluated with LSD. Acceptability, comfort and complexity
were significantly different for three conditions (acceptability: Z = 2.409, p = 0.016;
comfort: Z = 2.034, p = 0.042; complexity: Z = 4.021, p < 0.001). However, there
were no significant differences in annoyance (Z = 1.429, p = 0.153) (see Fig. 5).

For the comfort aspect, cutaneous push gained the highest rating (M= 3.700, SD=
1.4541), followed by ultrasonic (M = 3.567, SD = 1.995), and thermal feedback is the
lowest (M = 2.900, SD = 1.867).

The rating of acceptability was similar for cutaneous push (M= 3.000, SD= 1.069)
and ultrasonic feedback (M = 3.033, SD = 1.486), but for thermal it is much lower (M
= 2.367, SD = 1.486).

The complexity of the three types are significantly different: thermal feedback (M
= 2.833, SD = 1.407), cutaneous push (M = 2.367, SD = 1.387), ultrasonic feedback
(M = 3.700, SD = 1.595).

Although annoyance have a bad effect on the driving experience in most circum-
stances, according to P08, in such an emergency, annoyance to a proper extend is neces-
sary. Also, P10 claimed “will choose a relatively annoying type as long as it is obvious
and effective”.

In the semi-structured interview section, most participants considered the thermal
feedback the most difficult to recognize and uncomfortable. P02 said “the heating region
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Fig. 5. The ratings for comfort, acceptability, annoyance and complexity of the Likert 5-point
questionnaire.

was concentrated in the palm region and itwas annoying”.Only one person (P13) thought
it comfortable. P09 claimed: “The increase in temperature is a gradual process, so it is
not appropriate in an emergencywhich is abrupt and urgent 7 participants mentioned that
after several tasks, they got accustomed to the temperature so felt it was imperceptive.

Comfort, annoyance and complexity were significantly better in cutaneous push
feedback than in the other types, and its acceptability is similar to ultrasonic feedback.
P04 commented on cutaneous push “clearer and more obvious compared with ther-
mal feedback”. P14 thought this feedback had “definite directivity”. When asked about
workload, most participants said that “there is almost no mental or physical need”.

Ultrasonic had the highest acceptability although it is considered to be the most
complex. Both P02 and P04 thought “it was obvious, but not as comfort as the push
warning”. Participants trusted in this type most because it was an advanced technology.
However, there were three participants who thought it is the worst because of the odd
feeling of friction.

Moreover, taking gender into consideration, we found that males and females felt
largely different in some aspects of thermal feedback. Comfort (Z = 2.409, p = 0.016)
was statistically significantly worse by males (M = 2.556) than females (M = 3.583),
and the acceptability (Z= 3.090, p= 0.002) was also worse by males (M= 1.944) than
females (M = 3.000).

5 Discussion

Vibrotactile feedback has been well tested as a warning signal, including BSW when
changing lane [6, 7], forward collision warning [8], lane-departure situations warning
[6], etc. Typical examples are vibrations applied on.

The recognition accuracy for thermal feedback was the lowest, and it was also the
most uncomfortable type because of the heating region and the characteristics of gradual
change. While cutaneous push gained the highest rating both in recognition accuracy
and comfort rating, as it was obvious with appropriate force. The result was opposite to
the claim of Hypothesis 1, so it was not corroborated.
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Ultrasonic was the most accepted, and participants showed high trust in it. The result
is consistent with the second hypothesis, so Hypothesis 2 was corroborated.

The subjective rating for the cutaneous push in complexity showed statistically
significantly better results than ultrasonic feedback. Therefore, Hypothesis 3 was also
corroborated.

We also found an interesting phenomenon that for right-handers, the feedback that
was not be recognized was usually presented from the right side, and it is the same for
left-hander to ignore the feedback from left. We suppose that it may be affected on the
cognitive functions of brain but have not drawn a conclusion because the simple size is
too small. It is valuable to be further studied in the future.

In this paper, we instructed the participants to keep hands consistently on each side
to perceive the feedback. However, in real driving conditions, drivers always hold the
steeringwheel with one hand. Futurework should focus on the haptic feedback presented
on one side.

As for the thermal feedback, we suggest that the future tests should be taken in a
more realistic outdoors environment and take environmental temperature influence into
consideration.

Moreover, it is worth exploring which types is the most effective when the obstacles
rush out from both sides,

6 Conclusion

This paper investigates the effect of three haptic feedback providing to drivers through
steering wheel in the blind spot warning system. Thermal feedback is hard to recognize
and not well-accepted. Ultrasonic gains the best acceptability as a novel type of warning,
although it is considered the most complex. Cutaneous push has the highest accuracy
of recognition of 94.4%, the highest comfort level, the least annoyance and the least
complexity. And its acceptability is almost the same with ultrasonic feedback, only
0.035 lower than it, which means it is pretty effective for blinding spot warning. The
results can be a reference to provide appropriate warning feedback to drivers and basis
for future studies.

Acknowledgement. The paper is supported by Hunan Key Research and Development Project
(Grant No. 2020SK2094) and the National Key Technologies R&D Program of China (Grant No.
2015BAH22F01).

Appendix

Questionnaire 1: NASA-TLX questionnaire [17].
Part 1: Please read the questions carefully and mark the corresponding scale positions
of the 6 indicators according to the actual situation of the tasks performed.
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Part 2: Compare and check which of the following indicators is more closely related
to the total load.

Effort
or
Performance

Temporal
Demand
or
Frustration

Temporal Demand
or
Effort

Physical Demand
or
Frustration

Performance
or
Frustration

(continued)
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(continued)

Effort
or
Performance

Temporal
Demand
or
Frustration

Temporal Demand
or
Effort

Physical Demand
or
Frustration

Performance
or
Frustration

Physical
Demand
or
Temporal
Demand

Physical
Demand
or
Performance

Temporal Demand
or
Mental Demand

Frustration
or
Effort

Performance
or
Mental Demand

Performance
or
Temporal
Demand

Mental
Demand
or
Effort

Mental Demand
or
Physical Demand

Effort
or
Physical Demand

Frustration
or
Mental Demand

Questionnaire 2: Likert 5-point questionnaire about user experience (thermal
feedback as an example) [18–21].
The questionnaire contained eight statements about subjective experience, all of which
were related to the thermal feedback in the experiment. Please check the level of
agreement according to your subjective feeling.

1. I felt calm when using this warning system.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

2. I hesitated to use this feedback because I an afraid to be unable to cope with it.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

3. Given the opportunity, I would like to buy this warning system.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

4. I prefer to accept the traditional warning types (visual or auditory) rather than use this
feedback.
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◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

5. I was in a state of tension when using this feedback.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

6. This feedback was easy to perceive.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

7. This feedback clearly communicated the warning information.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree

8. This feedback was annoying.

◯strongly
disagree

◯disagree ◯undecided ◯agree ◯strongly
agree
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The Study of the User Preferences
of the Request Channel on Taking Over During
Level-3 Automated Vehicles’ Driving Process
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Abstract. When a level-3 automated vehicle fails with an autonomous driving
system or encounters an unmanageable traffic situation, the driver needs to con-
trol the vehicle to ensure driving safety. The transfer process is called the driv-
ing right transfer. This study uses the qualitative research of the Likert scale
method. Through experiments and questionnaires, we learn the user preferences
of reminder modes in the process of driving right transfer of level-3 automated
vehicles. In this research, four different warning modes, including visual takeover
warning, auditory takeover warning, tactile takeover warning and multi-mode
takeover warning, were tested to conduct a user preference survey and research
on the warning mode of driving right takeover of level-3 automated vehicles.
Through research, we have concluded that visual- tactile takeover warning is the
best warning method.

Keywords: Driving right handover · User preference · Takeover request · User
experience

1 Introduction

This research is to study the user preference of warning channel in the process of trans-
ferring driving right at the level of level-3 automated vehicle. In 2015, SAE published the
“Classification and definition of terms related to road motor vehicle driving automation
system”, [1] defining six different levels of autonomous driving, ranging from complete
non-autonomy at level 0 to complete autonomy at level 5. Our research put a stage at
the level of level three, which is automated for limited autonomous driving: Most of the
driving time is handed over to the car’s self-control, but in some cases, it needs to be
converted to manual driving.We intend to find out the preference of the warning channel
when the car driving near a toll-gate which means driver needs to drive the car manually.
In the research, we used a combination of experiment, questionnaire, and interview. The
takeover request should mainly occupy the three channels of hearing, vision, and touch
of the subject [2]. So, in the study, we conducted 20 experimental subjects, each of
them performed a group of seven experiments: visual warning, auditory warning, tactile
warning, visual-auditory warning, visual-tactile warning, auditory-tactile warning, and
visual-auditory-tactile warning. After each group of seven experiments, the question-
naire based on Likert scale was used to investigate the opinion of the subject on the
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comfort, entertainment and trustworthiness of seven warning channels. After the group
of seven experiments, we interviewed the subject to understand his/her preference and
opinion on the experiment.

In the sections below, we will detail the methods we used in our experiments and the
result of our study.

2 Related Work

The takeover warning information should mainly occupy the auditory, visual, and tactile
channels of the subject. The research shows that the three basic warning channels and
the multi-mode take-over warning channel can effectively provide drivers with relevant
information about driving situations, arouse their attention and help them to takeover
successfully [3].

2.1 Visual Takeover Warning Channel

Studies have shown that the biggest advantage of visual warning is that it can provide
a mass of visual information at short notice, helping the driver to quickly detect the
danger in the environment [4]. Common visual takeover warning channels include the
use of LED flashes installed on the steering wheel. The flashing light will bring takeover
warning, which not only shortens the driver’s takeover response time, but also improves
the driver’s situational awareness and helps the driver make appropriate decisions [5].
Information about the takeover warning is presented on the central control dashboard, for
example, text display, lighting, etc. [6]. The disadvantage of this warning method is that
when the warning is issued, the driver has to constantly check the relevant information
on the driving scene and dashboard, which leads to the increase of the response time
of the driver taking over. The head-up display technology is used to superimpose the
warning information directly into the real scene of the driving environment. But this kind
of take-over warning occupying the center of the driver’s front window can cause some
visual impact [7, 8]. However, there are many defects in a single visual warning. Drivers’
attention to various warning interfaces (front window, steering wheel, display, etc.) may
compete with the execution of driving tasks for visual resources, thus damaging driving
performance to varying degrees. In addition, when non-driving related tasks and visual
warning occupy the same channel (when drivers are reading newspapers, mobile phones
and other immersive content), drivers may also ignore the warning information due to
the competition and immersion of visual resources [6].

2.2 Auditory Takeover Warning Channel

The advantage of the auditory takeover warning channel is that it is omnidirectional
and does not require the driver’s visual resources to be occupied, which can avoid the
above problems. Under the auditory warning, the driver can quickly focus on the need
to take over. Therefore, audible warning is widely used in driving warning [9]. Common
audiblewarningmethods are: common natural sounds such as “beep” and “tick” [8]. This
warningmethod can be effective. It plays a role of reminding the driver. It can also convey
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different semantics by changing its pitch, frequency, etc. (such as the early warning of
forgetting to insert a seat belt, etc.) [6]. The second is the artificially recorded voice
information. Compared to pure natural sounds, voices can convey more information and
can greatly improve the quality of warnings. There are also methods of using warning
signs to warn. The driving signs are generally set to sounds associated with dangerous
events such as collisions and tire slippages. Such sounds are easier to understand and
cause less driving distraction, which can effectively reduce drivers’ response time [11].

However, this method is not universal. It is difficult to find a suitable listening label
for warning in the general situation of taking over. The capacity of the auditory channel
is limited, and at the same time, the auditory warning information is easily interfered
by other sounds in the environment. Secondly, audible warning information and tasks
that have no driving requirement in the same channel may also cause competition for
resources, causing the driver to miss or fail to receive all the information, which affects
the takeover process [2].

2.3 Tactile Warning Channel

Compared with visual takeover warning channel and auditory takeover warning chan-
nel, tactile takeover warning channel has more significant advantages [22]. In vehicles’
takeover warning, tactile warning is mainly divided into two types: non directional
warning and directional warning. Non directional warning has no clear directivity and
only contains the warning itself; while directional warning can provide warning to the
driver and indicate the position and direction that the driver should pay attention to. For
example, when the driver drives the vehicle across the lane, the vehicle provides tactile
warning on the left or right side of the steering wheel. The experimenters found that the
driver’s reaction time to this warning was faster than that of the visual takeover warning
channel [22]. If the tactile warning signal directly acts on the human skin, it will basically
not be disturbed by the outside world. And it will not increase the driver’s hearing and
visual load. The common tactile warning methods are: installation on the driver’s seat,
steering wheel and safety belt [13, 14]. A single tactile warning method has unavoidable
shortcomings. The intensity of the vibration stimulus will be affected by the driver’s
age, gender, individual sensitivity towards the vibration, and the thickness of the driver’s
clothing. And bumpy roads will increase the possibility of information being ignored
[3, 22]. In addition, excessively frequent vibrations will cause the driver to be bored. If
frequent vibrations are made over a period of time, the information intelligibility will
be reduced [13].

2.4 Multi-model Warning Channel

Multi-modal warning channels can convey more information in unit time [6]. When an
external message and the driving task occupy the same channel, it will cause competi-
tion in channel resources. So, the advantages of different channels in the multi-channel
warning mode are complementary. It can further improve the efficiency and security
of takeover requests. Common non-driving tasks (such as reading newspapers, playing
mobile phones, etc.) occupy people’s vision and hearing, and the tactile warning channel
can be used by drivers (such as vibration) to good reminders. And the auxiliary role of the
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audiovisual and audible alert channels in turn can reduce the risk of haptic information
being ignored [2].

3 Methodology

3.1 Selection of Experimental Simulation Methods

Light. During level-3 automated vehicle driving, a visual takeover warning can be
expressed by illumining an icon/area on the dashboard [6]. In the light environment with
a high color temperature range, people will be more alert. So in actual experiments (see
Fig. 1), we use wrap a circle of remote- controllable red led lights on the steering wheel
to simulate light warning.

Fig. 1. Experimental process

Sound. Takeover warnings in level-3 automated vehicles can be transmitted with par-
allel abstract (i.e., non-verbal) warning sounds, such as beeping and ticking sounds [6].
Therefore, we chose to use the phone to play an abstract sound warning that would
provide a faster initial response -- the beep.

Vibration. In level-3 automated vehicles, drivers are not likely to take their hands off
the steering wheel the whole time. So other items that provide vibration to the driver
should be taken into account, for example: seat backs, seat bases, or seat belts. [6] So
in the actual experiment, we bought a vibrating massage cushion from the market and
had the subject’s back rest on the cushion to simulate the vibration of the back seat of
the car seat.
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3.2 Experiment process

Participantswill undergo several experiments, answer questionnaires, and be interviewed
at the end of all the experiments. Participants will receive 20 yuan if he/she complete all
the steps. Overall, 20 people (11 women and 9 men) aged between 18 and 52 completed
the entire survey. All participants had driver’s licenses, and 40% of them owned a car or
drove regularly for a long time.

• Introduce the experimental situation
• Sign a confidentiality agreement
• Fill in the basic information
• Start the experiment

First, the user plays an immersive game that simulates the user’s behavior in level-
3 automated vehicles. Then, the experimenter triggers a takeover reminder (a total of
seven kinds). And the subject receives the warning and take over the car (touching the
steering wheel is as a successful takeover). After each experience, the user is asked to
fill out a Likert five-point scale. Experimenter records the whole process of the test, and
calculates the time difference between each group of takeover reminder and the user’s
successful takeover (that is, the hand touching the side plate) in the later stage, so as to
objectively analyze the effectiveness of each kind of takeover reminder.

• User-interview

After the seven experiments, in order to further understand the user’s feelings about
the product based on the scale and deeply explore the reasons for the user’s choices in
the scale, the user is interviewed. During the interview, all user’s verbal information was
obtained, so as to summarize the factors influencing user’s preference.

• Over the experiment and pay the subject

3.3 Analysis Method

We used SPSS [15] to process and analyze the data collected by Likert scale. We used
Cronbach reliability analysis method to judge the reliability quality of scale data [16].
And then basic data description statistics were performed on 20 groups’ data [17].
Various Friedman analysis methods and Nemenyi pair-wise comparison methods were
used to analyze the correlation between various factors. And Wilcoxon analysis method
of paired samples was used to test it [18, 19]. Finally, the corresponding relationship
model of all factors was drawn [20], and the gray association method was used to judge
[21]. In addition, we also used basic statistical methods to analyze the preferences of
users of different genders.

During the interview, we recorded all the words of the users and adopted a sentence-
by-sentence analysis method in the subsequent processing of the interview data. And
then we extracted keywords from it and drew a statistical table of the frequency of
interview coding that affects the preference of the takeover reminder mode.
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4 Data

SPSS software was used to analyze the reliability of Likert scale data (Cronbach Alpha
coefficient= 0.884, greater than 0.8), indicating that the reliability quality of the research
data was high, and further analysis showed that all questions should be retained [16].
Then, descriptive statistical analysis was conducted on the scale data (see Table 1) [17].
We used the central trend analysis method to conduct descriptive statistical analysis on
the data of response time and Likert scale [16] and reached a preliminary conclusion.
Data showed (see Table 1): the four warning modes that the subjects considered to have
tactile warning were very obvious (An= 4.684). Individual tactile warnings and visual-
tactile-auditory warnings are most effective (An = 4.737); The subjects’ satisfaction

Table 1. Experiment data collection (local)

Influence factors under different modes AVG Min Max Median
[Sample size = 20]

Auditory

Significant degree 3.632 2 5 4

Validity 3.526 2 5 4

Satisfaction 2.684 3 5 5

Pleasantness 3.053 3 5 4

Interest degree 2.421 4 5 5

Comfort level 3.632 3 5 5

Reliability 2.895 3 5 5

Visual

Significant degree 3.842 2 5 3

Validity 3.632 2 5 4

Satisfaction 3.474 3 5 5

Pleasantness 3.737 3 5 4

Interest degree 3.000 3 5 5

Comfort level 4.053 3 5 5

Reliability 3.368 3 5 5

Tactile

Significant degree 4.684 2 4 3

Validity 4.737 2 5 3

Satisfaction 3.316 1 5 4

Pleasantness 2.947 2 4 4

Interest degree 3.632 1 5 3

Comfort level 2.526 2 5 4

(continued)
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Table 1. (continued)

Influence factors under different modes AVG Min Max Median
[Sample size = 20]

Reliability 3.789 2 5 3

Auditory + Visual

Significant degree 4.211 2 5 3

Validity 4.211 2 5 4

Satisfaction 3.421 1 5 3

Pleasantness 3.526 2 5 4

Interest degree 2.947 1 5 3

Comfort level 3.263 2 5 4

Reliability 3.895 1 5 3

Auditory + Tactile

Significant degree 4.632 1 4 2

Validity 4.632 1 4 3

Satisfaction 3.000 2 5 4

Pleasantness 3.158 1 4 3

Interest degree 3.211 1 5 4

Comfort level 2.947 2 5 4

Reliability 4.211 2 5 4

Visual + Tactile

Significant degree 4.579 2 5 4

Validity 4.474 2 5 4

Satisfaction 3.579 1 5 2

Pleasantness 3.421 1 4 3

Interest degree 3.632 1 5 3

Comfort level 3.105 2 5 3

Reliability 4.263 1 5 3

Auditory + Visual + Tactile

Significant degree 4.684 2 5 3

Validity 4.737 2 5 3

Satisfaction 3.316 2 5 4

Pleasantness 2.947 2 5 4

Interest degree 3.526 3 5 4

Comfort level 3.105 2 5 4

Reliability 4.737 3 5 5
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was highest in visual and tactile warning (An = 3.579). What made the subjects most
happy and comfortable is the visual warning mode (An = 3.737; The An = 4.053). In
addition, under the three warning modes with visual warning, the subjects had higher
degree of pleasure and comfort. The subjects considered that tactile warning mode was
the most interesting (An = 3.632), and in the three warning modes with tactile warning
mode, the subjects felt that the interest level was higher. In addition, the superposition
of warning mode can improve the trust degree of the subjects. Taking all factors into
consideration, visual-tactile warning mode has the highest score (An = 3.8647).

In order to further verify the warning mode of user preference, we used various
Friedman analysis methods to study the differences among factors in the scale. The data
showed that: effectiveness, significance, satisfaction, pleasantness, interestingness, com-
fort and trustworthiness presented significant differences (p= 0.000< 0.01), indicating
statistical differences between the data, thus allowing for further multiple comparisons.
We specifically used Nemenyi pair two comparison method to analyze the differences
among the factors (see Table 2) [17, 18]. And the results showed that there was no dif-
ference between the three factors of pleasure, fun and comfort and satisfaction (p= 0.9),
while there was a significant difference between the significant degree, effectiveness and
reliability and satisfaction (p = 0.001**). Then, Wilcoxon analysis of paired samples
was used to verify the correctness of the above analysis results [19] (see Table 3). Finally,
we drew the corresponding relationship model of all factors (see Fig. 1) [20], and judged
the influencing factors of user preference more intuitively according to the model.

Table 2. Nemenyi-results of comparison in pairs (local).

(I)Name
[(J)Name = Satisfaction]

P

Auditory

Significant degree 0.001**

Validity 0.001**

Pleasantness 0.9

Interest degree 0.9

Comfort level 0.9

Reliability 0.001**

*p < 0.05 **p < 0.01

To sum up, we believe that in the actual situation, the six factors of validity, sig-
nificance, pleasantness, interestingness, comfort and trustworthiness are all correlated
with satisfaction, but the three factors of pleasantness, interest and comfort have greater
influence on satisfaction than that of significance and validity. By using the grey cor-
relation method, the correlation degrees of pleasure, interest, comfort and satisfaction
were calculated to be 0.787, 0.781 and 0.747, respectively (Fig. 2).
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Table 3. Wilcoxon analysis results of paired samples.

Name Paring (median) Difference
(Paring1–2)

Statistical
magnitude

P

Paring1 Paring2

Satisfaction-Significant
degree

3 5 −2 8.227 0.000**

Satisfaction-Validity 3 5 −2 7.850 0.000**

Satisfaction-Pleasantness 3 3 0 0.086 0.931

Satisfaction-Interest degree 3 3 0 0.600 0.544

Satisfaction-Comfort level 3 3 0 0.192 0.848

Satisfaction-Reliability 3 5 −1 5.806 0.000**

*p < 0.05 **p < 0.01
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Fig. 2. Correspondence analysis model of the 7 factors

5 Result and Discussion

5.1 Experimental Data Results

From the perspectives of 20 sets of Likert scale data and reaction time, tactile warning is
regarded as an obvious and effective warning mode, while visual warning is regarded as
a comfortable and pleasant warning mode. After the description and analysis of all the
data,we found that tactilewarning and tactile-auditorywarning are the twomost effective
warning channels,while themost satisfying one is visual-tactilewarning channel, and the
overall optimal is visual-tactile warning channel. After correlation analysis, we believe
that the effect of validity and significance on user preference is weaker than that of
pleasure, interest and comfort. Users prefer the warning channel that can make them in
a better mood, and sees whether the warning is obvious as a supplementary judgment
factor, too obvious warning channel will make users feel uncomfortable and even bored.
Although the visual-tactile-auditory warning channel is very effective in alerting users, it
is too cluttered for users to understand “what’s going on”. And overmuch prompt forms
will make users feel uncomfortable and unpleasant.
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In addition, according to our statistical information on human factors, we found that
male subjects prefer visual warning channel and single warning channel, the female
subjects prefer visual-tactile warning mode and least prefer auditory mode. Combined
with the experimental observation, we believe that compared with men, women are more
likely to immerse themselves in the entertainment that occupies the auditory channel such
as video and music in the process of automatic driving. Besides, according to the data,
we find that both men and women prefer the warning channel that they think is pleasant
and interesting, and choose the warning channel with moderate comfort level, which
means they can receive the reminder without making themselves feel uncomfortable.

To sum up, we believe that when users choose the promptmode, they only require the
mode to have basic “effectiveness” and “obvious degree”, but not “the higher the better”.
However, the factors such as comfort, pleasure and interest are the higher requirements
of users for the warning mode. Supported by this view, we believe that visual-tactile
warning channel is the most preferred one.

5.2 Analysis of Interview Results

After analysis (See Table 4), it is found that the main factors affecting the user’s pref-
erence for the takeover warning method are: the effectiveness of the warning method
(“I think the visual and tactile effect is obvious”, “the separate alert sound is easily
ignored by me”), and whether the warning method is gentle and comfortable (“Three
combined ways make me feel very noisy”, “Hearing-touch will cause my anxiety and
tension”, “Light is comfortable”), whether the warning method is interesting (“I feel

Table 4. Statistics table of frequency of factors influencing user preference

Interview keywords of different factors Subject mentions
(number/frequency)

Total references
(number/frequency)

Validity

sensation (cue sound) works 1 33/46

(light) can get me enough attention 7/8

(vibration) plays a major role 2/3

touch is the fastest and most direct 1/2

(light + sound) clear enough 2/3

(light + sound) causes rapid response 1

(light + vibration) the effect is obvious 2/5

(cue sound + vibration) effective 1

(sound + light + vibration) the effect is obvious 5/7

(vibration) it’s a little weak 1

(light) not obvious 5/8

(light) limited indication in case of emergency 1

(continued)
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Table 4. (continued)

Interview keywords of different factors Subject mentions
(number/frequency)

Total references
(number/frequency)

(cue sound) easy to ignore 4/5

Degree of disturbance/shock

(cue sound) cause irritation 4/5 29/36

Panics at the cue sound 1

(light) soft and comfortable 7/9

(vibration) cause shock 6/7

(light + sound) comfortable 1

(light + vibration) makes people feel comfortable 1

(sound + vibration) frightens people 3/4

(cue + vibration) causes anxiety and tension 2/3

(cue + vibration) bored 1

(sound + light + vibration) give people a sense of
oppression

2/3

(sound + light + vibration) too noisy 1

Interest

(vibration) it is interesting 1 3/3

(light + vibration) makes me feel interesting 1

(sound + vibration) interesting 1

Personal preferences

sensitive to sound 1 3/3

don’t like the color of the light 1

like the feeling of the body (vibration) 1

Information transmission function

the color of light has the function of transmitting
information

1 2/2

(light + vibration) can accurately convey the
connection

1

vibration is very interesting ”, “I think tactile-visual is very interesting”), whether the
warning method can convey the information (“I think the color of the light can con-vey
the takeover information”, “the visual-tactile mode can accurately convey the takeover
information”) and personalized preferences (“ I dislike the color of that light ”, “ I
personally like the physical feeling better”). Among them, effectiveness and comfort
have become the most important factors affecting the user’s preference for taking over
the warning mode.
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Among the three warning methods of separate lights, sounds and vibration, the re-
sponse of the light is the best (“light is more comfortable”, “light can attract enough
attention”), followed by vibration (“vibration is the fastest and most direct ”). Of the
two warning combinations of the three warning methods, the light-vibration response
is the best (“ obvious effect ”, “ This method makes me feel comfortable ”) the prompt
sound-light is second (“ light-prompt sound can cause me fast response”). Of all the
seven modes, the light-vibration response is the best. Although the individual light is
easy to be ignored, in the combination of the two, the light can play a role of infor-
mation transmission, allowing users to more clearly understand the takeover situation
and optimize the experience of the interaction process.More than half of the partici-pants
believe that pairwise combination is better than single and triple combination (“the three
will be noisy when they appear at the same time”, “ I think the combina-tion of the two
is enough ”) .The single reminder is considered to be insufficiently effective and easy to
be ignored. The three combined warning methods are consid-ered to be too disturbing.
And it is likely to arouse the user’s irritability and frightening mood. On the basis of the
above analysis, it can be summarized from the interview results that light-vibration is
the most preferred takeover warning mode among users.

6 Conclusions and Future Work

Due to time constraints, we only conducted experiments for the scenario of driving near
a toll-gate whichmeans driver needs to drive the car manually. Besides, the experimental
samples are small and the age distribution is uneven, which may have some impact on
our experimental results. In the future, the experimental samples will be expanded to
carry out experiments under three conditions: high emergency and low concentration,
low emergency and low concentration, and low emergency and high concentration. We
also give some thought to the results of this experiment. The separate light is considered
to be mild and comfortable but the prompt is not effective. The combination of the three
warning methods is very effective but it is easy to make users feel irritable and fright-
ened. We can design different warning modes according to different situations in the
future. For example, users should be reminded in a gentle way at the beginning. If the
user does not espond, it will be automatically switched to a stronger warning mode. This
humanized design may bring users a better interactive experience (the specific modes
and intervals need further experiments). In addition, we can also make specific settings
for various modes, such as studying buzzer and voice, ambient light and interactive inter-
face light, backrest vibration and cushion vibration. The factors (effectiveness, comfort,
interestingness, information transmission function, etc.) summarized from the experi-
mental and interview data that affect users’ preference for take-over warning mode can
provide some help and support for the design of automatic driving take-over warning
mode in the future.

In addition, according to the conclusion of this experiment, we can further deepen
the research. We also do not make a detailed analysis of the situation that more than one
person on the vehicle could drive and the driver could not receive a certainwarningmode.
In addition, for the reminder mode of light + vibration, how to combine the brightness,
flicker frequency and vibration frequency of the lantern to bring better experience to
users without affecting the reminder effect is also what we need to implement in the
future.
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Abstract. Electroencephalogram (EEG) performed an increasingly important
role in user experience research. The study applied P300, one of the main compo-
nents of event-related potentials (ERPs), into the evaluation of digital dashboard
layouts. The amplitude and latency of P300 were used to objectively quantify
the cognitive differences of the subjects. By comparing the results with that of
a subjective system usability scale, the feasibility of this method was verified.
Through statistical analysis, the layout most suitable for the subjects’ cognitive
characteristics was found. By the amplitude and latency of P300, a support vector
machine (SVM) model was established to explore the relationship between P300
and dashboard layout. The results showed a good prediction accuracy of 80%.
Analysis of variance (ANOVA) indicated significant differences among the four
groups of P300 induced by different layout types (p < 0.01). And Type A was
the most reasonable one from the perspective of attention allocation. Among the
nine schemes of Type A, the one in flat design style with a warm tone presented
the highest system usability (m= 95.833). The conclusions provided a theoretical
basis for the layout evaluation of digital dashboards, and a reference for the design
of human-vehicle interface, especially in the era of car-sharing.

Keywords: ERPs · P300 · Digital dashboard · Interface layout · Human-vehicle
interaction · SVM

1 Introduction

The display content of digital instruments is different from that of traditional ones. And
due to the variety of vehicle models and interior types, it is often necessary to redesign
the hardware and appearance when developing instrument panels, which leads to a lot of
investment inmanpower and capital. In addition, the development of car sharing industry
also puts forward new requirements for dashboard design. Because it is difficult for users
to quickly understand andmaster the information architecture of an unfamiliar dashboard
when accessing a specific car. The information on the dashboard should be able to attract
the user’s attention as soon as possible. An off-road glance for more than 2 s will greatly
increase driving risks [1].
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The overall design idea of digital dashboards is to present the complex informa-
tion of the car with graphics and animation. Due to the large variety and quantity of
information, rather than just numbers, a reasonably designed layout plays an important
role in the driver’s reading efficiency, which raises new claims for design works. Dif-
ferent application scenarios and various dashboard layouts disperse research resources.
In this study, from the perspective of layout, we used electroencephalogram (EEG) as a
research means. By the event-related potential (ERP) P300 evoked by the stimulation of
the dashboards, the cognitive law of users on digital dashboards was revealed, and the
basis and principles of layout design were put forward.

2 Literature Review

In recent years, researches on human-computer interaction interface had become more
andmore specific and in-depth. In the field of automobile driving, the problem of driver’s
distraction and inattention caused by the visual cognition of dashboards was becoming
a research hotspot. Distraction referred to the fact that the driver was attracted by some
activities, objects or people inside or outside the vehicle, which diverted his attention
from the basic driving tasks and even delayed his reaction tomaintain a safe driving state.
Vision was the most important sense for driving. More than 90% of driving information
was transmitted to the driver through the visual channel [2].

There weremainly two types of instrument panels: mid-located ones and front facing
ones [3], which brought differences to drivers in interactive efficiency. The dashboard
would bring about various impacts on drivers’ mental load and perception, therefore
influencing their information access and driving operations [4]. The visual cognition
processing on the shapes (round or linear), pointers and orientation of the instruments
would lead to diverse effects. And although the linear ones performed better in vision
presentation, people preferred circle gauges subjectively [5].

Using technologies of cognitive neuroscience theory to explore the cognitive mech-
anism of brain had become a new trend in the study of visual communication design.
Although ERPs could not accurately locate the brain, EEG recording instruments with
a millisecond time resolution could precisely record the instantaneous change of emo-
tional process from the perspective of time,whichwas a good tool for emotional research.
Handy et al. [6] conducted ERPs experiments on commercial signs with different famil-
iarity from two aspects of emotional preference and visual complexity, and found that
N200 and P200 waveforms were induced in the first 200 ms after the stimulus material
being presented. Guo et al. [7] used an improved oddball paradigm to carry out a research
on the evaluation of user emotion and use intention of different types of mobile phones
by taking smart phone interfaces as experimental objects. The results showed that N300
and LPP in the parietal and occipital regions were induced by the pictures of mobile
phones which could arouse the intention of using, and the brain activity in the central
parietal and occipital regions was more obvious. It further illustrated that the amplitude
of ERP components in related brain regions could be used to measure user experience.
Hou and Lu [8] studied the cognitive processing mechanism of traffic signs in Chinese
national standard by measuring ERPs, and explored semantic and emotional processing.
Four ERP components, N170, P200, N300 and N400, were induced in the experiment.
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Else et al. [9] classified artistic pictures from both abstract and concrete dimensions,
analyzed the cognitive emotional changes of human brain in the process of appreciating
pictures by EEG experiments, and found the aesthetic cognitive feedback mechanism of
visual art was not only related to individual professional experience, but also related to
semantic content.

P300 was an important component of ERPs, which could appear under the oddball
paradigm and was related to visual attention, recognition and other cognitive functions
[10]. ERP components revealed by researches on working memory and emotion [11]
indicated that P300 reflected the activities of neurons in the process of cognition, which
was affected by factors such as related tasks, the importance of the stimuli, decision-
making, attention, emotion and so on. For human-computer interface (HCI) of industrial
products, both concrete modeling parameters in physics and abstract perceptual image
in psychology were important factors, which needed to be analyzed synchronously [12].
Perception and attention significantly affected the amplitude of P300, while the physical
properties of the stimuli and people’s response had little effect on the amplitude. The
P300 amplitude, as a measure of information processing capacity, uncovered activation
in an event categorization network which was regulated by both attention and working
memory. Tommaso et al. [13] found that whether the stimulus was a painting or geo-
metric figure, the one evaluated as beautiful would trigger a larger P300 than a medium
or unsightly one, which indicated that people would focus on pleasant visual objects.
Additionally, thememory process on the interface layout needed to be further elaborated.

3 Method

3.1 Subjects

18 car owners were invited as subjects, aged between 22 and 28. All of them were
postgraduate students or had obtained a master’s degree, majoring in industrial design.
There were 11 males and 7 females. The subjects had been driving smart cars for 2–
5 years and had a deep understanding of the functions and user experience of digital
dashboards. All subjects were right-handed and in good physical condition, without
a history of neurological and mental illness. Their visual acuity or corrected visual
acuity was normal without color blindness or color weakness. All the subjects signed
the informed consent, andwere promised a certain reward after the end of the experiment
as incentive if they contributed effective data.

3.2 Experiment

Dashboard images with different layouts were presented in the experiment. By com-
paring the latency and amplitude of P300 induced by different dashboard layouts, the
relationship between the layout and the driver’s excitement and arousal level was judged,
which could be taken as a reference for dashboard layout design.

Using electrophysiological methods to conduct psychological experiments needed
the researchers to artificially induce different psychological characteristics in a labora-
tory. Therefore, it was important to draw appropriate layout images of digital dashboards
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as stimuli. In order to simulate the visual target in road driving, the speed was displayed
on the speedometer in the picture. Since 60km/h was the highest speed on the urban
roads in China [14], the images with a speed of higher than 60km/h were taken as target
stimuli, and the ones with a speed of less than 60km/h were non-target stimuli, so as
to test whether the subjects could produce enough response to the dashboard. When
the target stimulus images were presented, the subjects were required to respond to the
interface by pressing the space bar on a mechanical keyboard to increase their attention
and add marks to the recorded EEG data. The reaction time and accuracy could also be
collected. The space bar with a larger area was easy for the subjects to click.

According to existing research results [15], automobile dashboard layouts could be
summarized into four categories. In order to highlight the layouts, only the tachometer,
speedometer, fuel gauge and water temperature gauge were presented in the dashboard
prototype images (Fig. 1).

Fig. 1. The four categories of dashboard layouts

For the sake of obtaining reliable data, enough representative layout samples were
necessary. We designed nine schemes for each layout. The skeuomorphism style, flat
style and minimalism style were adopted. And cold, warm and neutral color tones were
given to the design schemes respectively under each style. Therefrom, a total of 4*3*3
= 36 layout schemes were created as the stimuli of the experiment (Fig. 2). The coding
and meaning of the stimuli were shown in Table 1.
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Fig. 2. The 36 layout schemes

Table 1. The coding and meaning of the stimuli of the experiment

Layout type Design style Color tone Layout type Design style Color tone

Type A Skeuomorphism
style (A1)

Cold (A11) Type B Skeuomorphism
style (B1)

Cold (B11)

Warm (A12) Warm (B12)

Neutral (A13) Neutral (B13)

Flat design style
(A2)

Cold (A21) Flat design style
(B2)

Cold (B21)

Warm (A22) Warm (B22)

Neutral (A23) Neutral (B23)

Minimalism
style (A3)

Cold (A31) Minimalism
style (B3)

Cold (B31)

Warm (A32) Warm (B32)

Neutral (A33) Neutral (B33)

Type C Skeuomorphism
style (C1)

Cold (C11) Type D Skeuomorphism
style (D1)

Cold (D11)

Warm (C12) Warm (D12)

Neutral (C13) Neutral (D13)

Flat design style
(C2)

Cold (C21) Flat design style
(D2)

Cold (D21)

Warm (C22) Warm (D22)

Neutral (C23) Neutral (D23)

Minimalism
style (C3)

Cold (C31) Minimalism
style (D3)

Cold (D31)

Warm (C32) Warm (D32)

Neutral (C33) Neutral (D33)

All the images were in JPEG format with a resolution of 1024*768dpi. We applied
the software E-Prime (ver. 2.0) to design the experiment. The stimuli were played on a
21.5 in. monitor, and the distance between the subject’s eyes and screen was about 800
mm. All the pictures were presented in the center of the screen according to the oddball
paradigm. The probability of target stimulus pictures was slightly less than 20%, and
that of non-target stimuli was more than 80%. Considering that the P300 component
appeared near the 300th millisecond after the stimulation, in order to ensure the late
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P300 component could appear when the stimulation was presented, the presentation
time of an image was set to 600 ms, with an interval of 400 ms. The time limit that
allowed the subject to react was set to 800 ms.

Each of the 36 dashboard prototype schemes appeared within 30 s repeatedly and
presented different speed values. The subjects needed to regularly judge whether they
should press the space bar. After that, another scheme would appear in the next 30 s, and
so on until the 36 rounds finished. For each subject, the duration of the experiment was
about 20 min. The sequence diagram of the experimental material was shown in Fig. 3.

Fig. 3. The sequence diagram of the experimental material

A 64-channel brain electrode cap produced by Neuroscan Co., Ltd. was used in
the experiment. The CZ electrode in the center of the head was taken as reference.
The sampling frequency was 1000Hz. The acquisition system was the SynAmps2 EEG
amplifier with 64 channels.

At the end of the EEGexperiment, the subjectswere required to evaluate each scheme
subjectively with the system usability scale (SUS). System usability is a measure of
perceived applicability of a product or system as a whole after users complete a series
of tasks. SUS is a standardized scale. The subjects ought to grade each item in the scale
by an integer among 1–5 after experiencing a product or interface system [16]. Existing
researches showed that SUS was effective in evaluating human-vehicle interface and
quantifying user experience reasonably [14, 17].

3.3 Acquisition of P300

In the process of observing and recognizing the dashboard prototype pictures, the visual
processing areas of the brain would produce different EEG signals with the changes of
psychological emotions. The coordinated, open, beautiful and concise pictures which
were positive stimulation would evoke positive EEG signals correspondingly; while
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the confused, dull, unsightly and complex ones which were negative stimulation would
produce negative or inhibitory EEG signals. Analyzing the amplitude and latency of
P300 induced by different conditions of stimuli could help to further understand the
brain mechanism related to emotion processing.

We used the EEGLAB toolbox (ver. 14.0.0) loaded in MATLAB (ver. R2016a) to
analyze the data. Basic FIR filter was applied to filter the raw signals. In order to get a
better result in time-frequency analysis, the lower and higher edges of the frequency pass
band were sent to 0.5Hz and 35Hz respectively. After filter, we ran the independent com-
ponent analysis (ICA) to remove the interference signals, including electrooculogram
and other obvious artifacts. Then epochs could be extracted according to the marks. For
both target and non-target stimuli, the baseline latency range was from 200 ms before
the stimulus to the time when the stimulus appeared (-200–0 ms). After preprocessing
EEG signals of the 18 subjects, superposition average was made. Therefrom, the ERPs
induced by the dashboard images could be obtained. In thismeans, we drawn the contrast
diagram of P300 waveforms, and retrieved the peak and latency data.

3.4 Support Vector Machine (SVM)

In order to judge whether the dashboard layout types were related to the amplitude and
latency of P300, SVMmodel could be useful and supplement the conclusions of analysis
on differences between groups. SVM was a kind of generalized linear classifier which
classifieddata according to supervised learning style. Traditional linear processingwould
result in the loss of part of the information and could not completely duplicate the human
processing. However, SVM could approximate any nonlinear function wilfully without
falling into the local optimal problem. SVMwas able to detect and recognize automobile
dashboard characters [18]. And existing researches had used machine learning models
such as artificial neural networks and SVM to process P300 data, and achieved good
results [19, 20].

The algorithm of SVM could learn from the existing classification data and construct
the classification boundary of different data types. After the boundary was established,
the algorithm could be used to classify the testing sample dataset. In this study, the
LIBSVM toolboxwas used to build the recognition and classificationmodel. LIBSVM is
an open source SVMalgorithm development package, which encapsulates and optimizes
the mathematical calculation in SVM algorithm.

4 Results

4.1 Difference of the P300 Components Induced by Four Kinds of Dashboard
Layouts

The EEG signals of 18 subjects were superimposed and averaged. And then the signals
of the 9 schemes under each dashboard layout were superimposed and averaged to obtain
the ERP data of the four groups of schemes. Wemade analysis of variance (ANOVA) for
the P300 amplitude and latency getting from three representative electrodes, and con-
ducted post hocmultiple comparisons to judgewhether therewere significant differences
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between the four types of dashboard layouts (Table 2). FZ, CPZ and PZ were chosen
as the representative electrodes in frontal, parietal and occipital regions. Generally, the
EEG activity in frontal region reflected how people know they were doing something in
a certain environment. And the signals from parietal and occipital regions could reflect
the location of visual attention and the processing of visual information respectively.

The results of ANOVA showed that there were significant differences in P300 ampli-
tude and latency values induced by the four types of dashboard layouts (p< 0.01), indi-
cating the layouts could lead to significant changes in EEG to some extent. However,
after pairwise comparisons by the least-significant difference (LSD) test, it could be seen
that for any index, the effect between the first group (data of Type A) and each of the
other three groups was significant, while the effects among those three groups (data of
Type B, C and D) were insignificant (p> 0.05). Therefore, in the next section, an SVM
model was established to further clarify the relationship between P300 and layout types.

The amplitude of P300 was positively correlated with the amount of psychological
resources invested, and its latent periodwas prolongedwith the increase of task difficulty
[10]. The higher the average amplitude and the shorter the latency, the more favorable
from the perspective of attention allocation. Especially in shared cars where users were
not very familiar with the instrument panel interface, if the dashboard could not attract
users’ attention well, it was easier to cause danger. The average amplitude values of
Type A layout from the three electrodes were the highest (mFZ_A = 6.986,mCPZ_A =
6.944,mPZ_A = 7.496), and the latencymean values were relatively short. Among them,
the latency from CPZ was the shortest among the four layouts, which was 343.221
ms. Thus, layout A was more reasonable for users’ cognitive performance. However,
larger P300 amplitude often resulted from higher task loads, which might result in lower
accuracy [21]. Therefore, it was still necessary to combine other factors, such as system
usability, to judge the rationality of the layouts.

Table 2. The results of ANOVA

Mean ANOVA

Type A Type B Type C Type D F Sig

Amplitude (µV) FZ 6.986 6.285 6.411 6.215 5.063 0.006

CPZ 6.944 5.739 6.018 6.223 13.893 0.000

PZ 7.496 6.563 6.629 6.478 11.772 0.000

Latency period (ms) FZ 347.104 448.247 342.07 343.631 20.4 0.000

CPZ 343.221 449.753 359.968 362.212 18.834 0.000

PZ 405.659 446.816 406.394 397.107 9.363 0.000

SUS score 79.167 64.278 71.944 72.833 2.954 0.047

The statistical results of SUS showed that Type A performed best in system usability,
followed by Type D and C. And the mean SUS score of Type B was the lowest. It was
approximately consistent with the trend of P300 amplitude and latency. Therefore, we
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made specific analysis for the SUS scores of the nine layout schemes under Type A, and
the results were shown in Table 3.

Table 3. The SUS scores of the nine layout schemes under Type A

Scheme coding SUS score (n = 18)

Mean Std. deviation

A11 82.083 2.745

A12 67.639 3.147

A13 79.306 2.396

A21 77.083 1.965

A22 95.833 2.1

A23 93.889 2.873

A31 54.444 2.651

A32 77.361 2.775

A33 84.861 2.904

F = 414.599, p < 0.001

One-wayANOVAindicated that therewere significant differences in systemusability
among the nine schemes (F = 414.599, p < 0.001). Moreover, the results of LSD test
showed that the differences between each pair of schemes were significant (p < 0.05)
except that between A21 and A32. Among the nine schemes, the SUS score of A22 (flat
design style, with a warm color tone) was the highest, reflecting a better system usability
for those who read this kind of dashboard. During the 30s when images of A22 were
displayed on the monitor, the contrast diagrams of induced P300 waveforms from the
FZ, CPZ, PZ electrodes were shown in Fig. 4.

The red curve was the observed EEG of the dashboard images with a value below
60km/h displayed on the speedometer (non-target stimuli), and the blue curve was the
EEG of the images on which a speed value above 60km/h was displayed (target stimuli).
It could be seen from the figure that the blue curve presented an obvious peak in the
range of 340-370 ms after the appearance of the stimuli. The high amplitude reflected
the attention and arousal of the subjects.

Brain electrical activity maps (BEAM) also showed that the energy aroused by
the target stimuli was mainly concentrated in the parietal and occipital regions. This
illustrated that under Type A layout, the design features such as the warm color tone of
the luminous band and the flat design style could generate a certain impact on the drivers’
cognitive psychology and neurophysiology. Performing design works of dashboards
which were based on this scheme would be helpful to prevent driving distraction.
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Fig. 4. P300 waveforms of A22 from the FZ (a), CPZ (b), PZ (c) electrodes
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4.2 Classification Prediction Accuracy

According to the energy distribution on BEAM and previous research conclusions, nine
electrodes were selected to be analyzed, including FZ in the frontal region, CPZ, CP3,
CP4 in the parietal region, and PZ, P3, P4, P7, P8 in the occipital region. The P300
amplitude and latency data induced by the 36 dashboard schemes were taken into the
input layer of the SVM model, which was a matrix of 36 rows and 18 columns. The
layout category label was used as the output layer data, which was a column vector of 36
rows. By the LIBSVM toolbox in MATLAB (ver. R2016a), the SVM prediction model
was built.

The topic studied in this section was a four-classification problem. The conventional
SVM model could not be directly applied to multi-classification problems, but some
methods could make it effective in this field. The core idea was to transform the multi-
classification problems into several binary classification ones [22]. The principal thinking
of SVM algorithm was to find a boundary plane between different types of data, so that
the two types of samples could fall on both sides of the plane as far away from each other
and from the plane as possible. Using radial basis function (RBF) to project the plane
into a curved surface could greatly increase the application range of SVM algorithm
[23], and make it have a good performance in the classification prediction of this study.
Therefore, it was necessary to find the appropriate penalty coefficient C and radial basis
kernel parameter g. In this study, we used the cross-validationmethod. A smaller Cmade
the decision surface smoother, while a larger C aimed to classify all training samples
correctly. If the performance of different models was similar, for the sake of cutting down
the computing time, a smaller penalty factor C should be the priority. After parameter
adjustment, it was determined that C = 6.063, g = 0.66.

Fig. 5. Prediction accuracy of the SVM model
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26 samples were selected randomly as the training set, and the remaining 10 were
taken as the testing set. The prediction accuracy was 80%, which was a relatively good
result as shown in Fig. 5. It reflected that P300 components induced by observing dash-
boards could be used to accurately predict the type of layouts to some extent, which
indicated a relationship between the layout type of dashboard and P300. This further
proved that it was reasonable and scientific to dig out the layout being in line with the
characteristics of user attention based on the amplitude and latency of P300.

5 Discussion

This study focused on the application of the combination of EEG signals and subjec-
tive test in layout design and user experience evaluation of digital dashboards. For the
user experience of different layouts, there was a certain relationship between the sub-
jective evaluation and the P300 component. In interaction design works of dashboards,
the design quality of layout could be judged preliminarily according to the subjective
evaluation of users.

P300, as a typical endogenous component of ERPs, was often induced by the use
and consumption of attention resources. Under the experimental conditions, the average
P300 amplitude of Layout A was the highest. The structure of this layout was a left-right
symmetrical one, and the positions of the four instruments were independent from each
other. In contrast, although Layout D also had this kind of interface structure, the fuel
gauge and water temperature gauge were sheltered by the tachometer and speedometer,
which interfered the subjects’ attention and caused distraction to some extent.

Subjective scale results showed that the design scheme A22 of Layout A which
adopted the flat style and a warm color tone had the highest system usability. Michalski
and Grobelny mentioned in their research that color had a preprocessing mechanism and
played an important role in the visual searching process [24]. Red had a warning effect.
Existing research showed that therewere significant differences in the cognition of colors
during car driving. The drivers’ average reaction time of Level 1 alarm color (red) was
2.8s, significantly better than the average decision time 8s of Level 2 and level 3 alarm
colors (green and blue) [25]. Compared with the cold and neutral color tones, the red
scheme had a greater influence on the driver’s attention and decision-making behaviors,
which was helpful to their perception. In this study, besides the system usability, the
amplitude and latency of P300 induced by the warm tone scheme were also better.

Another problem analyzed in this study was STYLE, including the skeuomorphism
style, flat style and minimalism style. Among them, skeuomorphism designs pursued
simulating the shape and texture of real objects, and reproducing the real objects by
superimposing various effects such as high gloss, texture or shadow on the graphics.
Although the cost of cognition and learning was low, more load might be imposed to
drivers in fast scanning due to too much color information. On the contrary, flat style
design was to abandon the above pursuit of visual effects. And symbolic design elements
were used to present an interface. Although minimalism design was also consistent with
this point, the control panel with a smaller color area performed worse in operation
than that with a larger color area [26], which might be the reason why the dashboard
schemes with minimalism style were not good enough. In this kind of dashboards, only
the pointer had a single color, and the color area was very small.
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In this paper, an SVM model was established and a good prediction accuracy was
obtained by learning the amplitude and latency values of P300 components from nine
representative electrodes. SVM could detect and recognize the character information
of automobile dashboard well [18], and the learning effect of P300 was also good. For
example, Ahi et al. studied the calibration time of brain computer interface (BCI) and
only four training letters were needed to obtain an average accuracy of 80% [27]. SVM
models could automatically achieve the optimal selection of parameters in the process of
construction,which could reduce the impact of human intervention. Besides, the general-
ization ability of SVMwas higher than that of back propagation neural networks [28]. It
had good robustness, and it did not need to be fine-tuned during operating. According to
the subjectivity characteristics of user experience data, we used cross validation method
to optimize the selection of the penalty coefficient and kernel function parameters, which
improved the classification prediction accuracy. Although the prediction effect might be
affected by noises such as physiological and behavioral characteristics and aesthetic
preference of the subjects, the processing of SVM in this paper still made the optimized
model achieve a high accuracy, which could provide a scientific and effective prediction
method for automobile enterprises in product development and management.

6 Limitation

The first limitation came from the less sample size. Especially in the construction of the
SVMmodel, data provided bymore subjects would improve the accuracy and robustness
of the model. Another limitation was due to restrictions of the experimental conditions.
The study adopted an indoor experiment, and the luminous fluxwas different from that of
outdoor driving. Thismight affect the information transmission effect of design elements
such as brightness, tone, line width, font size, etc. In addition, in order to highlight the
layout characteristics, the stimulus materials used in this study were simplified images.
In next phase of research, it is needed to take the influence of other elements on real
dashboards into consideration, such as icons, symbols, color blocks and so on, and to
carry out experiments outdoors in real cars. Besides, because the experimental task of
this study was relatively simple, there was no significant difference in reading accuracy.
However, with the rapid development of intelligent vehicles, there would be more and
more instrument panel modeling forms equipped with new interaction modes. In future
researches, we will further refine the layout elements to analyze the effect of dashboard
layout on reading accuracy under complex cognitive tasks.

7 Conclusion

The study discussed the significance of ERP analysis in the research of automobile
digital dashboard design. EEG signals and subjective system usability were collected
and analyzed, and the evaluation laws on the dashboard layouts were obtained. The
study verified the consistency between subjective assessment and EEG signals. The
main conclusions included:
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(1) Under the experimental conditions, the P300 amplitude induced by the schemes
of Type A layout was the highest. And for the schemes of Type B, the amplitude
was the lowest and the latency was the longest, which reflected a poor allocation of
attention resources.

(2) Using the P300 amplitude and latency data from the nine representative electrodes
collected in the experiment, an SVM model was established and the prediction
effect to the layout types was relatively good (accuracy = 80%). By adjusting the
parameters, the penalty coefficient C of the model was set to 6.063, and the radial
basis kernel parameter g was 0.66.

(3) Under the experimental conditions, the SUS score of Type A layout (m = 79.167)
was significantly higher than that of the other three types. And under this layout, the
scheme (No. A22) with flat style and a warm color tone performed best in system
usability evaluation, which provided a theoretical basis for the layout design of
digital dashboards.
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Explore Acceptable Sound Thresholds for Car
Navigation in Different Environments

Yulu Yang(B), Boxian Qiu, and Xuan Liu
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Abstract. Modern in-vehicle navigation is an important part of car interaction
equipment, which is of great significance to drivers. If in a special environment
(such as excessive external noise), the inability to deliver the appropriate sound
to the driver will become a serious problem. Therefore, investigating the accept-
able sound threshold of the car navigation system in different environments plays
an important role in determining whether the user is comfortable. This article
explores the acceptable sound thresholds of car navigation under low, medium
and high external noise. Our results show that the user-acceptable sound threshold
is different for these three types of external noise.

Keywords: Car navigation · Driving simulation · Threshold · Noise

1 Introduction

Competition in the car navigation market is increasing. However, in the competition
of various performances, the design of interaction is very important, and sound is an
important information interaction part of car navigation. In the world, modern vehicle
navigation research has a history of more than thirty years. Since the Global Positioning
System (GPS) was released by the US Department of Defense in 1944, GPS navigation
technology has developed rapidly in the civilian market and has been a hotpot of high-
tech company and university research. Existing research shows that auditory perception
is also an integral part of car driving. Sound is one of the most familiar information-
carrying pathways for human beings. The auditory characteristics of the human ear
will extract useful information from many sounds and make decisions through brain
judgment. When the vehicle is driving, it is actually an open environment, and external
noise will affect the perception of the navigation sound by the human ear. Studying
the acceptable sound threshold of car navigation systems in different environments is
significant to the future development of car navigation systems.

2 Methods

2.1 Participant

Twenty-two college students without hearing impairment (14 men and 8 women) par-
ticipated in the study. Ages range from 18 to 22. The distance from each participant to
the sounding part of the car navigator is fixed, ranging from 40 to 45 cm.
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2.2 Instrument

This research was conducted in a simulated driving environment. Use Biao Kang digital
decibel JD-105 (0–188 dB) and iphone7plus built-in navigation (sound range is 40–
100 dB). Due to the limitation of equipment, the decibel level of navigation volume
cannot be increased gradually, but can only be increased by a fixed numerical gradient.

2.3 Task

After confirming the eligibility and obtaining informed consent, the participants are in
a soundproof space. In this space, we place four small speakers on the four corners of
a 100 cm * 200 cm rectangle, and the participants are located at the upper left of the
rectangle (as shown below).

The small speaker emits analog noisewith noise decibels of 50–55 dB, 55–60 dB, and
60–65 dB. (The three sections were measured in real time on quiet lanes, normal streets,
and roads during peak driving hours). Participants were asked to use the iPhone7plus’s
built-in navigation. In appropriate condition, participants were instructed to listen to the
instructions given by the navigation. The experimenter asked participants to read aloud
what they heard. Initially, the decibels of all sentences are 40 dB. After the participant
repeated a sentence aloud, the experimenter asked the participant two questions: “Does
this sound suit you?” And “Do you think this sound is suitable for use in a car?” If
both questions are answered “No”, and the experimenter adjusted the sound so that the
decibels indicated by the sentencewere slightly higher, and repeated the above operation.
If the participant answered “yes” to any of the questions, the current decibel level was
considered to be the minimum acceptable self-reported sound size. (This method has
been used in Explore the comfortable and acceptable text size of a car display, written
by Derek Viita, Alexander Muir, which has been proved reliable). Then continue the
above operation. If the participant answers “No” to any question, the current decibel
level is regarded as the maximum value of the self-reported acceptable sound level. The
decibel size of the navigation was adjusted by the experimenter, and each participant
was recorded in the cluster display and the acceptable sound threshold.
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3 Outcome

3.1 Maximum Value (See Fig. 1)

In a low-noise environment (50–55 dB), the acceptance of the maximal navigable sound
volume is as follows: 27.20% of the experimenters can accept the maximum value of
68 dB, 13.70% of the experimenters can accept the maximum value is 72 dB, 22.70% of
the experimenters can accept the maximum value of 76 dB, 9.00% of the experimenters
can accept the maximum value of 80 dB, 4.50% of the experimenters can accept the
maximum value of 84 dB, 0% of the experimenters can accept the maximum value is
88 dB, the maximum value that 13.70% of the experimenters can accept is 92 dB, the
maximum value that 0% of the experimenters can accept is 96 dB, and the maximum
value that 9.00% of the experimenters can accept is 100 dB.

In the medium-noise environment (55–60 dB), the acceptance of the maximal navi-
gator sound volume is as follows: 4.50% of the experimenters can accept the maximum
value of 68 dB, 0% of the experimenters can accept the maximum value is 72 dB, 9.00%
of the experimenters can accept the maximum value of 76 dB, 40.90% of the exper-
imenters can accept the maximum value of 80 dB, 22.70% of the experimenters can
accept the maximum value of 84 dB, 0% of the experimenters can accept the maximum
value is 88 dB, the maximum value that 9.00% of the experimenters can accept is 92
dB, the maximum value that 4.50 of the experimenters can accept is 96 dB, and the
maximum value that 9.00% of the experimenters can accept is 100 dB.

In a high-noise environment (60–65 dB), the acceptance of the maximum acceptable
volume of the navigator sound volume is as follows: 0% of the experimenter can accept
the maximum value of 68 dB, 0% of the experimenter can accept the maximum value 72
dB, 4.50%of experimenters can accept amaximumof 76 dB, 4.50%of experimenters can
accept a maximum of 80 dB, 4.50% of experimenters can accept a maximum of 84 dB,
36.40% of experimenters can accept a maximumThe value is 88 dB, themaximum value
acceptable by 18.10% of the experimenters is 92 dB, the maximum value acceptable by
9.00% of the experimenters is 96 dB, and the maximum value acceptable by 22.70% of
the experimenters is 100 dB.

Fig. 1. Maximum accepted volume of navigator sound.
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3.2 Minimum Value (See Fig. 2)

In a low-noise environment (50–55 dB), the acceptance of the minimum acceptable
volume of the navigator sound volume is as follows: 13.70% of the experimenters have
the minimum acceptable value of 48 dB, and 13.70% of the experimenters have the
minimum acceptable value of 52 dB, 27.20% of experimenters can accept the minimum
value of 56 dB, 27.20% of experimenters can accept the minimum value of 60 dB,
13.70% of experimenters can accept the minimum value of 64 dB, 0% of experimenters
can accept the minimum value which is 68 dB, and the minimum value acceptable to
4.50% of the experimenters is 72 dB.

In themediumnoise environment (55–60dB), the acceptance of theminimumaccept-
able volume of the navigator sound volume is as follows: the minimum acceptable value
for 0% of the experimenter is 48 dB, and the minimum acceptable value for the 4.50%
of the experimenter is 52 dB, the minimum value that 9.00% of the experimenters can
accept is 56 dB, the minimum value that 27.20% of the experimenters can accept is 60
dB, the minimum value that 31.80% of the experimenters can accept is 64 dB, and the
minimum value that 22.70% of the experimenters can accept is 68 dB, and the minimum
value acceptable to 0% of the experimenters is 72 dB. The minimum acceptable for
4.50% of the experimenters was 76 dB.

In a high noise environment (60–65 dB), the acceptance of the minimum acceptable
volume of the navigator sound volume is as follows: 13.70% of the experimenters have
the minimum acceptable value of 60 dB, and 4.50% of the experimenters have the
minimum acceptable value of 64 dB, the minimum value that 18.10% of experimenters
can accept is 68 dB, the minimum value that 31.80% of experimenters can accept is
72 dB, the minimum value that 18.10% of experimenters can accept is 76 dB, and the
minimum value that 4.50% of experimenters can accept is 76 dB, and the minimum
value acceptable to 9.00% of the experimenters is 80 dB.

Fig. 2. Minimum accepted volume of navigator sound.
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3.3 Threshold Distribution

In a low-noise environment (see Fig. 3), the overall threshold of acceptable sound volume
is distributed between 48-100 dB, among which the threshold of 9.00% of users is
distributed within 48–60 dB, and the threshold of 40.90% of users is within 60–72 dB.
The threshold of 22.70% of users is distributed within 72-84 dB, the threshold of 9.00%
of users is distributed within 84–96 dB, and the threshold of 9.00% of users is distributed
within 96–100 dB.
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Fig. 3. Threshold value of user acceptable sound in low noise condition.

In amediumnoise environment (see Fig. 4), the overall threshold of acceptable sound
volume is distributed between 52–100 dB, among which the threshold of 4.50% of users
is distributed within 52–68 dB, and 40.90% of users is distributed between 68–84 dB.
The threshold of 9.00% users is distributed within 84–100 dB.
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Fig. 4. Threshold value of user acceptable sound in mid noise condition
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In high-noise environments (see Fig. 5), the overall threshold of acceptable sound
volume is distributed between 60–100 dB, among which the threshold of 13.70% of
users is distributed within 60–72 dB, and the threshold of 45.50% of users is distributed
within 72–84 dB. The threshold of 31.80% of users is distributed within 84–96 dB, and
the threshold of 27.30% of users is distributed within 96–100 dB.

0.00%
5.00%

10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%

60—72（dB) 72—84（dB) 84—96（dB) 96—100（dB)

Fig. 5. Threshold value of user acceptable sound in high noise condition

4 Discussion

In three environments (low noise, medium noise, high noise), the minimum value of the
sound volume of the navigator increases when the ambient noise increases, and when the
environmental noise increases, the maximum value increases at the same time (when the
noise increases to a certain level) At decibels, the maximum acceptable volume exceeds
the navigation maximum volume). In low-noise environments, the threshold distribution
is the widest from 60 to 72 dB. Inmedium-noise environments, the threshold distribution
is the widest from 68 to 84 Db. In high-noise environments, the threshold distribution
is the widest at 72–84 Db. Gender wasn’t found to be an important factor affecting the
acceptable sound level of a self-reported car navigation system.

5 Conclusion

In this article, we explored acceptable sound thresholds for car navigation systems in
different environments. The Ipad acts as four speakers that simulate the in-vehicle envi-
ronment (simulating noise from four directions, that is, noise interference during driving
the vehicle), and the experimenter sits in the driver’s seat of the simulated cab. Specifi-
cally, we conducted an experiment that asked the participants two questions: “Does this
sound the right size for you?” And “Do you think this sound is suitable for use in a car?”
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to progressively find the maximum and minimum acceptable sound volume. We found
that in low-noise environments, the widest range of sound volume thresholds acceptable
to experimenters is from 60 to 72 dB, and in medium-noise environments, the widest
range of sound volume thresholds acceptable to experimenters is the from 68 to 84 Db.
In high- noise environments, the widest range of sound volume acceptable to experi-
menters is from 72 to 84 Db. Also, gender has not been found to be an important factor
affecting the self-reported car navigation system’s acceptable sound level. However, we
found that different experimenters sometimes have different standards for the navigation
volume suitable for the car and for themselves, and different experimenters also have
different anti-interference performances for noise. Therefore, studying the acceptable
sound threshold of car navigation systems in different environments is of great signifi-
cance for the future development of car navigation systems, especially if there are some
personalized designs, which will better meet the needs of each individual.

6 Limitations and Future Work

Due to the limited funding for our experiments, we were unable to improve the accuracy
of the experiments, and we were not able to control the variables perfectly in the experi-
ments. Some uncontrollable factors still affected our experiments. The main limitations
are: 1. There is no simulated driving environment, which is different from the real driving
environment. 2. The environment of the simulated cab cannot control the influence of
noise from the outside. 3. The decibel meter is not precise enough, and themeasured data
has some errors. It is hoped that in the future, there can be more rigorous experiments
to continue research on exploring the acceptable sound threshold of car navigation in
different environments.
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Abstract. Previous studies have compared different multimodal warning types,
however, few researchers studied the effects of differentmultimodal warning types
on drivers’ task performance, physiological data, and user experience. In our
research, we designed a simulated driving experiment to investigate these effects.
In the experiment, a small projector, two Bluetooth speakers and two vibration
generators were used as signal generators to simulate 6multimodal warning types,
and Mean Deviation, braking reaction time (BRT), normalized GSR, normalized
HR, trust, annoyance, satisfaction were used as dependent variables to reflect
effects of multimodal warning types on driver’s task performance, physiological
data and user experience. The main conclusions are drawn in this paper as follow-
ing: (1) In terms of task performance, there was no significant difference in the
effect of different multimodal warning types on driving tasks, but compared with
unimodal warning types, both bimodal warning types and trimodal warning type
can reduce BRT. (2) In terms of physiological data, normalized GSR and normal-
ized HR were increased by increasing numbers of modalities of warning types.
(3) In terms of user experience, trust and satisfaction of multimodal warning types
were significantly higher than the other two unimodal warning types. Moreover,
the annoyance of warning types which included tactile modality were significantly
higher than the warning types which did not included. We speculated that adding
tactile signals may increase annoyance of participants, nevertheless, tactile signals
still has great potential to increase the trust and satisfaction of multimodal warning
types.

Keywords: Multimodal interaction ·Warning type · Task performance ·
Physiological data · User experience

1 Introduction

Vehicle warning systems are designed to direct a driver’s attention to an impending
danger.Nowadays,with the development ofmultiple technologies such as natural speech,
sensor recognition, and affective computing,warning types basedonmulti-modality have
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been widely used in vehicle warning systems. The warning signals can conveyed in a
variety of modalities, such as auditory, visual, and tactile stimuli.

Previous research showed the advantages of auditory, visual, and tactile warning
types. The visual and auditory warning types are the most traditional. The auditory
warning type is considered to be a safe and effective warning type, because it is gaze-
free. However, workloads in perceiving visualwarnings and risks tomiss visualwarnings
when driving may be mitigated by a head-up display (HUD). Moreover, visual warning
type is straight forward in terms of conveying information [1]. According to the literature
[2], tactile warning type is not as widely used as auditory and visual warning types, but
it can elicit faster reactions from drivers in response to potential danger than visual or
auditory warning types. Moreover, tactile warning type is unlikely to be affected by the
level of background noise. Previous research also showed the advantages of the warning
types composed of multiple modalities, they can reduce reaction time and lead to higher
perceived urgency than unimodal warning types [3, 4].

Although early works have compared different multimodal warning types, few
researchers studied the effects of different multimodal warning types on drivers’ task
performance, physiological data, and user experience. Therefore, in our research, we
designed a simulated driving experiment to investigate these effects. The results of our
research provided implications for multimodal warning design and reveal how different
multimodal warning types can influence drivers’ responses during a simulated driving.

2 Method

2.1 Participants

We recruited 30 participants (15 female) bymeans of online socialmedia and e-mail. The
inclusion criteria were to hold a valid driving license; to drive a car at least 5000 km/year,
with the two-year trial period passed; to consider oneself perfectly healthy with no
adverse medical impact upon car driving; and to have normal vision on both eyes (cor-
rected vision allowed), normal sense of touch, and normal audition. Each participant
had a mean age of 32 years (SD = 9.4) and received a voucher with value of about 100
yuan.

2.2 Apparatus

The driving simulation was done with City Car Driving software, the simulated road
image (250cm by 180cm) was projected to a wall using a SONY projector. Driving
was done on the right lane and the participant shared the road with several cars. The
windshield (135 cm by 85 cm), positioned 180cm away form the wall and on top of a
table, was made with 0.3cm thick glass, with a 70° tilt [5] (see Fig. 1).

The steeringwheel and pedal (LogitechG27)were connected to a personal computer.
The iPad served as the center console of the driving simulator. Participants drove with
automatic gear shift. Driving simulation software can set the driving environment and
the density of road vehicles and pedestrians. The simulator can record the data of the
vehicle itself and surrounding vehicles in real time, including operation of the driver and
driving state of the vehicle.
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Fig. 1. Experiment apparatus.

2.3 Experiment Design

Multimodal Warning Types. According to the research of Linda-Marie et al.[3], we
selected six multimodal warning types of warning system as the independent variables
of the driving simulation experiment. six warning types included two unimodal warn-
ing types (only visual; only auditory), three bimodal warning types (combined visual-
auditory; combined visual-tactile; and combined auditory-tactile) and a trimodalwarning
type (combined visual-auditory-tactile). Due to the limitations of current technical fac-
tors, the multimodal warning types based on smell and taste have not been widely used.
In this experiment, theywere not selected. In addition, only tactile as a unimodal warning
type was difficult to specifically convey relatively complex information content, so it
was not selected as an independent variable in this experiment.

In this experiment, based on the research of [3] and [6], the signals of visual warning
type, auditory warning type and tactile warning type were sent out by projector, speakers
and vibration generators respectively to simulate the head-up display (HUD), voice
display and steering wheel vibration in vehicle environment which are currently mature
in technology and have broad application prospects in the future.

According to the research of WATSON T et al. [7], we used a small projector as
the signal generator of the visual warning type. The projector can project visual signals
(warning icon) onto the road in the simulation image (see Fig. 2). According to the
research of Liu YC et al. [8], we used two Bluetooth speakers as the signal generator of
the auditory warning type. The two speakers were placed on the left and right sides of
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the participants to send out voice signals (the voice audio “Potential Hazard Ahead!”)
(see Fig. 2). According to the research of Linda-Marie et al. [3], we encapsulated two
vibration generators that can emit tactile vibration signals in a thin plastic material and
installed them on the upper left and upper right of the steering wheel to simulate the
vibration of the steering wheel (see Fig. 2).

Fig. 2. Signal generators.

Weused the signal generators to sendout the combined signal to realize the simulation
of bimodal and trimodal warning types. The signal was sent out synchronously [3]. For
example, for the trimodal warning type (combined visual-auditory-tactile), visual signal
generator, auditory signal generators and vibration generators on the steering wheel sent
out visual, auditory and tactile signals at the same time. Table 1 shows six multimodal
warning types and their signal generators.

In the experiment, each warning type was remotely controlled by the experimenter
using the Wizard of OZ method [9], and had no additional impact on the simulated
driving process of participants.

Driver Tasks. The simulated driving environment in the experiment was a typical urban
road environment, which included roads, buildings, vehicles and pedestrians in the city.
In the experiment, in order to simulate the actual scene more realistically, the driving
section load factor was set as medium load and the road environment as new urban area
in the driving simulation software of City Car Driving. Participant’ basic task was to
keep the vehicle in the appropriate lane on the right side of the road and drive at a speed
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Table 1. Six multimodal warning types and their signal generators.

Modality Multimodal warning
types

Signal generators

Unimodal (one modality) Only visual Projector

Only auditory Bluetooth speakers

Bimodal (two modalities) Combined
visual-auditory

Projector + Bluetooth speakers

Combined visual-tactile Projector + vibration generators

Combined
auditory-tactile

Bluetooth speakers + vibration
generators

Trimodal (three modalities) Combined
visual-auditory-tactile

Projector + Bluetooth speakers +
vibration generators

of about 35–45 km/h. During the driving process, participants need to control the brake
pedal according to the warning signals sent by generators and perform braking task.

2.4 Procedure

The experiment was carried out in the Intelligence Design & Interaction Laboratory of
Hunan University. The indoor light was soft and the temperature was suitable. Firstly,
participants read brief information about the experiment and signed an informed consent
form. They also filled out a basic information form (age, gender, driving-age, driving
mileage, etc.). Next, the experimenter verified the participants’ driving licenses. After
that, the experimenter invited the participants to familiarize themselves with the experi-
mental environment, and introduced the process and tasks involved in the experiment to
the participants (the experimenter did not introduce details such as experimental emer-
gencies to the participants to ensure the authenticity of the data). Then, the experimenter
introduced the equipment and its operation methods to the participants, and familiarize
themselves with the operation (including familiarity with the steering wheel and pedals,
familiaritywith the experimental road environment, etc.). After that, the participants read
the detailed description of the experiment and participated in a 10-min pre-experiment. In
the pre-experiment, the experimenter showed each of the six multimodal warning types,
and the purpose was to familiarize participants with the overall setup and multimodal
warning types in the experiment. After completing the pre-experiment, the participants
had a 5-min rest time, then the experiment started.

At the beginning of the formal experiment, firstly, the experimenter pasted sensors
and electrodes to the participants, and then played a piece of soft music. When the
participants relaxed to a quiet state, the experimenter used BioNex to record the baseline
of the participants’ physiological signals. Then, the participants started to drive the
vehicle and performed the braking task according to the signals of different multimodal
warning types. In the experiment, the order of appearance of the six multimodal warning
types was arranged according to the Latin square design to eliminate the influence of
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the different order of appearance on the results. When the participant received a signal
of a warning type and completed the corresponding braking task, the participant pulled
aside and filled in a user experience questionnaire for the warning type. When all the six
multimodal warning types appeared and the participants completed the questionnaires,
the experiment ended and the participants received a short interview. During this process,
the experimenter continued to record the physiological signals of participants andmarked
the corresponding time points for later data analysis. The total duration of the experiment
was about 30 min.

2.5 Dependent Variables

The dependent variables of interest were as follows: task performance (Mean Deviation
and braking reaction time); physiological data (normalized GSR and normalized HR)
and user experience (trust, annoyance, satisfaction).

Mean Deviation. Mean Deviation corresponded to the deviation from the actually
driven to the optimal driving line [10]. It reflected the driving performance of the driver.
Driving performance was negatively correlated with Mean Deviation.

Braking Reaction Time (BRT). BrakingReaction Time (BRT)was defined as the time
difference between the onsets of warning and braking. According to the literature [11],
the onset of braking was defined as the time at which the brake pedal inclined over 5°.

Physiological Data. According to the literature [12], physiological parameters assessed
in this studywere galvanic skin response (GSR) and heart rate (HR),whichwere sensitive
to task demand and practical to record. Moreover, GSR and HR proved to be good
indicators of stress and arousal [13].

GSR was a measure of the skin conductance. It varied linearly with the overall level
of arousal and increases with anxiety and stress and it was considered as a reliable
indicator of affective response [14]. HR was a measure of cardiovascular activity. It had
been found to increase with stress, workload and difficulty of the task [15]. Since there
was a large individual difference in physiological signals, individual baseline had to be
taken into account. According to the literature [14, 16], normalized GSR andHR on each
task were calculated using the formula (signal-baseline)/baseline for each participant.

User Experience. The user experience of the multimodal warning types was assessed
with the questionnaire.Our questionnaire addressed the trust, annoyance and satisfaction:

Trust-“Overall how much do you trust the multimodal warning type?”
Annoyance-“Overall how annoying is the multimodal warning type?”
Satisfaction-“Overall how satisfied are you with the multimodal warning type?”

Each question rated on a five-point Likert scale. The final score of each question was
scaled from 1 to 5 (1 = not at all, 5 = very much).
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3 Results and Discussion

The mean values of all dependent variables were analyzed using statistical methods. All
statistical analysis was performed using SPSS.

3.1 Mean Deviation

Descriptive statistics of the Mean Deviation at different warning types were graphically
shown in Fig. 3. A one-way ANOVA was used to analyze the data. The results showed
that there was no significant difference among different multimodal warning types, p >
0.05.

Fig. 3. The mean deviation with respect to different multimodal warning types.

3.2 Braking Reaction Time (BRT)

Descriptive statistics of the braking reaction time (BRT) at different warning types were
graphically shown in Fig. 4. The BRT was regarded as the response speed. The BRT of
only visual was highest, and the BRT of combined auditory-tactile was lowest. A one-
way ANOVA was used to analyze the data. The results showed significant differences
among different warning types, p < 0.05. Multiple comparisons showed that BRT of
only visual (Mean = 1.05) and only auditory (Mean = 1.01) were significantly higher
than the other four warning types, p < 0.05.



Effects of Multimodal Warning Types 311

It should be noted that the BRT was significantly decreased from unimodal warn-
ing types (only visual and only auditory) to bimodal warning types (combined visual-
auditory, combined visual-tactile and combined auditory-tactile), yet was not signifi-
cantly decreased from bimodal warning types to trimodal warning types. This indicated
that compared with unimodal warning types, both bimodal warning types and trimodal
warning type can reduce BRT, but there was no significant difference in BRT between
bimodal warning types and trimodal warning type.

Fig. 4. The braking reaction time (BRT) with respect to different warning types.

3.3 Physiological Data

The physiological data were also analyzed across warning types. Descriptive statistics
of the normalized GSR and normalized HR at different warning types were graphically
shown in Fig. 5. The tendency that normalized GSR and normalized HR were increased
by increasing number ofmodalities is observed. A one-wayANOVAwas used to analyze
the data. The results showed significant differences among different warning types, p<
0.05. Multiple comparisons showed that normalized GSR of combined visual-auditory-
tactile (Mean= 0.22), combined auditory-tactile (Mean= 0.21), combined visual-tactile
(Mean = 0.19) and combined visual-auditory (Mean = 0.14) were significantly higher
than the other two unimodal warning types, p < 0.05. The normalized HR was also
analyzed in a similar way. The results showed significant differences among different
warning types, p< 0.05.Multiple comparisons showed that normalizedHR of combined
visual-auditory-tactile (Mean = 0.17), combined auditory-tactile (Mean = 0.15), com-
bined visual-tactile (Mean = 0.15) and combined visual-auditory (Mean = 0.09) were
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significantly higher than the other two unimodal warning types, p < 0.05. These find-
ings indicated that the multimodal warning types (bimodal and trimodal) had a higher
normalized GSR and HR than the unimodal warning types. Based on user interviews, we
speculated that the result may be due to the fact that multimodal warning types (bimodal
and trimodal) may bring more cognitive load and pressure to drivers.

It should be noted that the normalized GSR and normalized HR were significantly
increased from only visual to combined visual-tactile, from only auditory to combined
auditory-tactile and from combined visual-auditory to combined visual-auditory-tactile.
This implied that tactile signals can increase normalizedGSR and normalizedHR. Based
on user interviews, we speculated that adding tactile signals may also increase cognitive
load and pressure of participants, and lead to higher normalized GSR and normalized
HR.

Fig. 5. The normalized physiological data with respect to different warning types.

3.4 User Experience

Descriptive statistics of the trust, annoyance and satisfaction at different warning types
were graphically shown in Fig. 6. A one-way ANOVA was used to analyze the data.
The results showed significant differences among different multimodal warning types,
p < 0.05. The trust of combined vvisual-auditory-tactile (Mean = 4.57) is the highest.
Multiple comparisons showed that trust of combined visual-auditory (Mean = 4.33),
combined visual-tactile (Mean = 3.93), combined auditory-tactile (Mean = 4.23) and
combined visual-auditory-tactile (Mean= 4.57) were significantly higher than the other
two warning types, p< 0.05. This indicated that the multimodal warning types (bimodal
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and trimodal) had a higher trust than the unimodal warning types. Based on user inter-
views, we speculated that the result may be due to the fact that multimodal warning types
(bimodal and trimodal) were not easy to be ignored by drivers. The annoyance of com-
bined visual-auditory-tactile (Mean= 4.40) is the highest.Multiple comparisons showed
that annoyance of combined visual-auditory-tactile (Mean = 4.40), combined visual-
tactile (Mean = 3.90) and combined auditory-tactile (Mean = 4.17) were significantly
higher than the other three warning types, p < 0.05. This indicated that the multimodal
warning types (bimodal and trimodal) which include tactile warning had a higher annoy-
ance. Based on user interviews, we speculated that adding tactile signals may increase
annoyance of drivers. The satisfaction of combined visual-auditory (Mean = 4.37) is
the highest, multiple comparisons showed that combined visual-auditory-tactile (Mean
= 3.83), combined visual-auditory (Mean = 4.37), combined visual-tactile (Mean =

Fig. 6. The user experience with respect to different warning types.
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4.13) and combined auditory-tactile (Mean = 4.00) were significantly higher than the
other two warning types, p < 0.05. This indicated that the multimodal warning types
(bimodal and trimodal) had a higher satisfaction than the unimodal warning type.

4 Conclusion

This study performed driving simulator experiment to investigate a common traffic acci-
dental situation, i.e., avoiding danger by braking. Experiment was designed to assess the
effects of the different multimodal warning types on the task performance, physiological
data, and user experience of drivers.

In accordance to the research, three conclusions are drawn in this paper as following:
(1) In terms of task performance, there was no significant difference in the effect of dif-
ferent multimodal warning types on driving tasks, but there were significant differences
in the effect on braking tasks. The results showed that braking reaction time (BRT) of
multimodal warning types were significantly lower than the other two unimodal warn-
ing types (only visual and only auditory). These findings indicated that compared with
unimodal warning types, both bimodal warning types and trimodal warning type can
reduce BRT, and have better performance in braking tasks. The results also showed that
there was no significant difference in BRT between bimodal warning types and trimodal
warning type. (2) In terms of physiological data, there were significant differences in
the effect of different multimodal warning types on normalized GSR and normalized
HR, and they were increased by increasing numbers of modalities of warning types. The
results also showed that combined visual-auditory-tactile, combined visual-tactile and
combined auditory-tactile were significantly higher than the other three warning types.
These findings indicated that tactile signals can increase normalized GSR and normal-
ized HR. Based on user interviews, we speculated that increasing numbers of modalities
and adding tactile signals may increase cognitive load and pressure of participants, and
lead to higher normalized GSR and normalized HR. (3) In terms of user experience,
there were significant differences in the effect of different multimodal warning types
on trust, annoyance and satisfaction. The results showed that trust and satisfaction of
multimodal warning types were significantly higher than the other two unimodal warn-
ing types (only visual and only auditory). The results also showed that annoyance of
combined visual-auditory-tactile, combined visual-tactile and combined auditory-tactile
were significantly higher than the other three warning types, and the annoyance of com-
bined visual-auditory-tactile is the highest. Based on user interviews, we speculated that
adding tactile signals may increase annoyance of participants, nevertheless, tactile sig-
nals still has great potential to increase the trust and satisfaction of multimodal warning
types.
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Abstract. We report on a cross-cultural collaborative project between students
and faculty at DePauw University in the United States and Shibaura Institute of
Technology in Japan that used cross-cultural teams to design and evaluate robotic
gadgets to gain a deeper understanding of the role that kawaii (Japanese cuteness)
plays in fostering positive human response to, and acceptance of, these devices
across cultures. Two cross-cultural design teams used Unity and C# to design and
implement prototypes of virtual robotic gadgets as well as virtual environments for
the robots to interact in. One team designed a virtual train station as well as robotic
gadgets to operate in the station. The other team designed a virtual university
campus as well as robotic gadgets that operated in that environment. Two versions
of each robotic gadget were designed, such that the two versions differed with
respect to one kawaii attribute (shape, size, etc.) Using these robots, we conducted
a formal study that compared perceptions of kawaii robots between American
college students and Japanese college students, as well as across genders. The
findings revealed that there was not much difference in perception of kawaii across
cultures and genders. Furthermore, the study shows that designing a robot to
be more kawaii/cute appears to positively influence human preference for being
around the robot. This study will inform our long-term goal of designing robots
that are appealing across gender and culture.

Keywords: Kawaii · Human-robot interaction · Cross-cultural design

1 Introduction and Motivation

1.1 Kawaii

As robots become increasingly common in daily life, it is critical that roboticists design
devices that are accepted broadly, including across cultures and genders. Toward this

© Springer Nature Switzerland AG 2021
P.-L. P. Rau (Ed.): HCII 2021, LNCS 12773, pp. 319–334, 2021.
https://doi.org/10.1007/978-3-030-77080-8_26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77080-8_26&domain=pdf
https://doi.org/10.1007/978-3-030-77080-8_26


320 D. Berque et al.

end, global collaboration will be pivotal today and in the future. This paper reports on
a cross-cultural collaboration between students and faculty at DePauw University in
the United States and Shibaura Institute of Technology in Japan. We formed two cross-
cultural teams to design and evaluate robotic gadgets to gain a deeper understanding of
the role that kawaii (Japanese cuteness) plays in fostering positive human response to,
and acceptance of, these devices across cultures.

The word, kawaii, is often translated into “cute,” “lovely,” “adorable”, “cool,” and
sometimes other words depending on the context. There does not seem to be an exact
word that can be used as a counterpart in English [1]. That’s probably because Japanese
people’s affection for “kawaii” has been cultivated throughout Japanese history [2]. The
sentiment of kawaii seems to have been present in Japanese society since 400 B.C., and
the word itself started appearing around the 11th century in literary texts [3, 4]. The
meaning of the word has evolved to become a cultural concept or an emotional domain
that relates to something or someone lovely, or someone or something that invokes
the feeling of “wanting to protect” [4]. In the modern context, the notion of kawaii is
embraced as a catalyst to evoke positive feelings [5], as can be seen in designs ranging
from Hello Kitty products to road signs to robotic gadgets, to name just a few examples.
Kawaii has also been gaining global audiences and customers in the last two decades
as well as in Japan [6] through kawaii products. As such, kawaii design principles are
incorporated into successful products that are used globally including in robotic gadgets
[7, 8].

1.2 Prior Work

Previous studies have examined cross-cultural differences in the acceptance of robots
based on various design characteristics. For example, researchers have documented the
impact of localizing a robot’s greeting style (gestures and language) on acceptance by
Japanese versus Egyptian users [9].

Similarly, prior studies have examined perceptions of kawaii including differences
in perceptions across cultures and genders. These studies have found gender differences
in preferences for various kawaii spoon designs based on shape, color and geometric
pattern [10]. A broader study examined the extent to which perceptions of kawaii in 225
photographs differ betweenmale and female Japanese college students [11]. In this study,
gender differences were established, depending on the type of object photographed.
For example, male subjects found spherical geometric objects to be more kawaii than
female subjects [11]. The first two authors extended the original study by presenting
217 of the original 225 images to American college students and gathering data about
their perceptions of kawaii-ness in each image. For some types of objects, differences
in perceptions of kawaii-ness were found, particularly between Japanese males and
American males as well as between Japanese females and all other groups [12].

Prior work that investigates the role of kawaii in user perceptions and user acceptance
of robots or robotic gadgets is limited. However, one pair of papers reports on studies of
kawaii-ness in the motion of robotic vacuum cleaners [13, 14]. The authors programmed
a visually plain version of a Roomba vacuum cleaner to move according to 24 different
patterns, including patterns that the authors describe with terms such as: bounce, spi-
ral, attack, spin and dizzy [13, 14]. The studies demonstrated that kawaii-ness can be
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expressed through motion, even in the absence of more traditional visual kawaii-ness;
however, the studies did not consider cultural or gender differences.

2 Cross-Cultural Design of Virtual Environments and Robots

2.1 Overview

Building on the prior research described in the previous section, this paper reports on
work, supported by a United States National Science Foundation (NSF) International
Research Experiences for Undergraduates (IRES) grant, to gain a deeper understanding
of the role that kawaii plays in fostering positive human response to, and acceptance of,
robotic gadgets across cultures.More information about the goals of our grant-supported
project may be found in [15].

With mentorship from faculty members at Shibaura Institute of Technology and
DePauw University, two cross-cultural design teams used Unity and C# to design and
implement prototypes of virtual robotic gadgets as well as virtual environments for the
robots to interact in.

Each design team was comprised of four students -- two students from Shibaura
Institute of Technology in Tokyo and two students fromDePauwUniversity in theUnited
States. COVID-19 prevented travel between the United States and Japan. Therefore, all
collaboration was conducted virtually, using tools such as Zoom and Slack.

One of our four-person student teams designed a virtual train station and each student
on the team designed a pair of robotic gadgets to operate in the station (e.g., robots to
clean the floor and to give directions to travelers). The other team designed a virtual
college campus and each of its team members designed a pair of robotic gadgets that
operated in that environment (e.g., robots to pick up trash and to give campus tours). As
shown in the next section, each student designed their pair of robotic gadgets so the two
versions differed with respect in one kawaii attribute (shape, size, etc.)

A more detailed description of the design process and tools we used to support our
cross-cultural collaboration are provided in [16]. In the remainder of this paper, we
present the virtual environments and robotic gadgets that were designed. In addition,
we report on a formal cross-cultural study that compared the perceptions of cuteness
between American college students and Japanese college students, using the robotic
gadgets created by the two teams described above. This study also compared perceptions
of the robotic gadgets between genders. This study will inform our long-term goal of
designing robots that are appealing across gender and culture.

2.2 Environment Designs

One four-person team designed a university campus as shown in Fig. 1. The video at
tinyurl.com/hcii2021campus provides a virtual tour of the environment. The university
campus served as the context for designing robotic gadgets that served as trash collectors,
vending machines, tour guides and stress-reducing human companions as illustrated in
Fig. 3 through Fig. 6 in Sect. 2.3.
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Fig. 1. University campus environment that provides context for several robotic gadgets

The other four-person team designed a train station as shown in Fig. 2. The video at
tinyurl.com/hcii2021station provides a virtual tour of the environment.

The train station served as the context for robots that cleaned floors, shared infor-
mation, assisted with shopping and made announcements. These robots are illustrated
in Fig. 7 through Fig. 10 in Sect. 2.3.

Fig. 2. Train station environment that provides context for several robotic gadgets

2.3 Robot Gadget Designs for University Campus

As described previously, each team member designed a pair of robots that operated in
the context of one of the virtual environments. These robot pairs are presented, along
with contextual information about the robots, in the remainder of this section. The first
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four pairs were designed to operate on the university campus and the last four pairs were
designed to operate in the train station.

Figure 3 shows the first pair of robots that are designed to operate on the university
campus. The robots move around the campus and vacuum trash from the ground. The
left robot is designed to be more kawaii because it includes animal features. The video
at tinyurl.com/hcii2021vacuum shows the robot pair in action.

Fig. 3. Vacuum trash removal robots for the university campus

Figure 4 shows a second pair of robots that are designed to operate on the university
campus. These vending machine robots move around the campus and ask people if they
would like a drink. The right robot is designed to be more kawaii because it is rounder.
The video at tinyurl.com/hcii2021drink shows the robot pair in action.

Fig. 4. Vending machine robots for the university campus

Figure 5 shows a third pair of robots that are designed to operate on the university
campus. These tour guide robots float through the air and provide verbal information as
they guide people around campus. The left robot is designed to be more kawaii because
it is round. The video at tinyurl.com/hcii2021tour shows the robot pair in action.
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Fig. 5. Floating tour guide robots for the university campus

Figure 6 shows the last pair of robots that are designed to operate on the university
campus. These companion robots approach nearby people, like the people on the bench in
the figure, and entertain them, much like a dog or a cat might. The right robot is designed

Fig. 6. Companion robots for the university campus
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to be more kawaii because it is rounder. The video at tinyurl.com/hcii2021companion
shows the robot pair in action.

2.4 Robot Designs for Train Station

Figure 7 shows the first pair of robots that are designed to operate in the train sta-
tion. These robots move around the train station and clean the floors automatically.
The right robot is designed to be more kawaii because it is rounder. The video
attinyurl.com/hcii2021floor shows the robot pair in action.

Fig. 7. Floor cleaning robots for the train station

Figure 8 shows the second pair of robots that are designed to operate in the train
station. These information kiosk robots provide passengers with information such as
train schedules. The right robot is designed to be more kawaii because it is shorter. The
video at tinyurl.com/hcii2021kiosk shows the robot pair in action.
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Fig. 8. Information kiosk robots for train station

Figure 9 shows the third pair of robots that are designed to operate in the train
station. The robots store the passenger’s shopping packages and bring them to the train.
The right robot is designed to be more kawaii because it is softer. Although there is no
visual difference between the robots,when the right robot rolls itmakes a smoother sound
than the left robot. The video at tinyurl.com/hcii2021shop demonstrates this sound.

Fig. 9. Shopping assistant robots for train station

Figure 10 shows the last pair of robots that are designed to operate in the train
station. These robots move around the train station and make announcements such as
letting passengers know that trains are arriving or departing. The right robot is designed
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to be more kawaii because it is smaller. The video at tinyurl.com/hcii2021announce
shows the robot pair in action.

Fig. 10. Announcement robots for the train station

3 Evaluation

3.1 Purpose of the Evaluation

We designed and administered an online survey to measure perceptions of the eight
robot pairs. The survey, which was administered to Japanese and American males and
females, was designed to help us answer three primary questions:

• Determine which robot from each pair the participants judge to be more kawaii/cute
so we could see if commonly accepted kawaii design principles extend to our work.

• Determine whether participants prefer to be around robots that they judged to be more
kawaii/cute.

• Determine whether there are any gender differences or cultural differences in the
survey results.

The survey also gathered data to let us explore the participant’s characterization of
the robots with respect to adjectives other than kawaii/cute (e.g., scary, polite, soft).
While we will touch on the results of this part of the study in the sections that follow,
we will save detailed analysis of these results for future work.

3.2 Participant Demographics

After obtaining Institutional Review Board approval for the study, we recruited student
participants from DePauw University (in the United States) as well as from Shibaura
Institute of Technology, Chuo University, and the University of Tokyo (all in Japan).
Participants had to be at least 18 years old.Becausewewere studying cultural differences,
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DePauw University students could not have lived outside of the United States for more
than four months. Similarly, students from Shibaura Institute of Technology and the
University of Tokyo could not have lived outside of Japan for more than four months.
In effect, this limited participation to students who were fully raised in Japan or who
were fully raised in the United States. Participants were also required to have a laptop
or tablet to complete the survey. We did not allow participants to complete the survey
on a phone because we wanted the embedded videos to be a reasonable size.

In total, 82 eligible students completed the survey. The results from one student are
not included in the analysis because the student did not identify primarily as male or as
female. Of the remaining 81 participants, there were 40 participants from Japan and 41
participants from the United States. There were 41 females including 20 from Japan and
21 from the United States. There were 40 males including 20 from Japan and 20 from
the United States. The participants ranged in age from 18 to 24 with an average age of
21.

3.3 Study Procedure

The survey was originally developed in English and then translated to Japanese by the
second author. We used the adjective, cute, for the English counterpart of “kawaii”
because it is one of the closest translations, although the interchangeableness has been
argued [1]. The English version of the survey was administered to the participants from
the United States and the Japanese version was administered to the participants from
Japan. Each version was administered as a Google form that embedded the videos shown
in Fig. 3. Through Fig. 10.

After accepting the conditions of an online informed consent, and confirming eligi-
bility to participate in the survey, participants provided their age and gender. Participants
then watched a sample video and confirmed that they could see the video and hear the
associated audio.

Participants from the United States were asked about their familiarity with the
Japanese term kawaii. Participants then watched a video (approximately 15 s long)
of the first pair of robots (see Fig. 3) and answered twelve multiple choice questions
about their perception of differences in the pair of robots. This process was repeated for
a video that showed the second pair of robots (see Fig. 4) and then for subsequent videos
until all eight videos had been presented.

3.4 Perceptions of Kawaii/Cute for All Participants

After watching each video, participants were asked to compare the left robot and the
right robot with regard to each of the adjectives shown in Table 1.

For each adjective, participants selected from one of five choices that compared the
robot on the left side of the video to the robot on the right side of the video with respect to
the adjective. For example, for the adjective “approachable”, participants selected from
one of the following choices.

1. The left robot is much more approachable than the right robot.
2. The left robot is somewhat more approachable than the right robot.
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Table 1. Adjectives that participants used to compare robot pairs.

Adjectives

Kawaii Cool

Cute Beautiful

Approachable Polite

Scary Comfortable

Trustworthy Soft

3. The left robot and the right robot have about the same level of approachableness.
4. The left robot is somewhat less approachable than the right robot.
5. The left robot is much less approachable than the right robot.

For the purpose of the analysis presented in the remainder of this section,we collapsed
responses 1 and 2 into a single category indicating that the participant found the left robot
to be more approachable than the right robot. Similarly, we collapsed responses 4 and
5 into a single category indicating that the participant found the left robot to be less
approachable then the right robot. In other words, our analysis is based on the following
three categories.

1. The left robot is more approachable than the right robot.
2. The left robot and the right robot have about the same level of approachableness.
3. The left robot is less approachable than the right robot.

This study is centrally concerned with the way perceptions of kawaii change when
various attributes of a robot are changed. However, only 37% of the participants from the
United States indicated that they had a good understanding of the Japanese word kawaii.
TheEnglishword “cute” is generally considered to be a good proxy for the Japaneseword
kawaii. Therefore, in what follows, we compare responses from Japanese participants
for the adjective kawaii to responses from American participants for the adjective cute.

We performed a series of statistical analyses with a significance level of 0.05. Table
2 shows the results of chi-square tests that compare perceptions of Kawaii/Cute for the
left robot versus the right robot in each robot pair for all 81 participants. In the right
column of the table, participant responses are summarized in the format x-y-z where
x gives the number of participants who judged the left-robot to be more kawaii/cute, y
is the number of participants who found no difference in the level of kawaii/cuteness
between the two robots, and z is the number of participants who judged the right robot
to be more kawaii/cute. For example, the data in the second row of the table indicates
that 66 participants found the left robot (with the elephant face) to be more kawaii/cute
than the right robot. On the other hand, 9 participants found no difference in the level of
kawaii/cuteness while 6 participants found the right robot to be more kawaii/cute than
the left robot.

The statistical analyses in Table 2 provide strong evidence that the perceptions of
kawaii/cute are not equally distributed. Stronger preferences are indicated by the raw
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numbers for robots that were more animal-like (Fig. 3), that were rounder (Fig. 4, Fig. 5,
Fig. 6, Fig. 7), that were shorter (Fig. 8), and that were smaller (Fig. 10).

The pair of robots in Fig. 9 do not have visual differences. The right robot in this
pair makes a smoother sound when it moves, suggesting that the robot is softer which
is typically associated with an increased perception of kawaii/cute. Approximately half
of the participants, however, indicated that there was no difference in their perception
of kawaii/cute between the left robot and the right robot. For those participants who did
perceive a difference, more participants thought the left robot was more kawaii/cute than
the right robot.

Table 2. Perceptions of Kawaii/cute between left vs. right robot for all participants (N = 81)

Robot pair Kawaii/Cute

Fig. 3 Vacuum Trash Removal Robots
Left: Elephant face
Right: No face

Elephant face is more Kawaii/Cute
66-9-6
X2 (2, N = 81) = 84.7, p < .001

Fig. 4 Vending Machine Robots
Left: Square
Right: Round

Round is more Kawaii/Cute
7-22-52
X2 (2, N = 81) = 38.9, p < .001

Fig. 5 Floating Tour Guide Robots
Left: Round
Right: Square

Round is more Kawaii/Cute
46-26-9
X2 (2, N = 81) = 25.4, p < .001

Fig. 6 Companion Robots
Left: Square
Right: Round

Round is more Kawaii/Cute
17-17-47
X2 (2, N = 81) = 22.2, p < .001

Fig. 7 Floor Cleaning Robots
Left: Square
Right: Round

Round is more Kawaii/Cute
7-11-63
X2 (2, N = 81) = 72.3, p < .001

Fig. 8 Information Kiosk Robots
Left: Tall
Right: Short

Short is more Kawaii/Cute
13-22-46
X2 (2, N = 81) = 21.6, p < .001

Fig. 9 Shopping Assistant Robots
Left: Harsher Sound
Right: Smoother Sound

About half selected “no difference”
30-38-13
X2 (2, N = 81) = 12.1, p = .002

Fig. 10 Announcement Robots
Left: Big
Right: Small

Small is more Kawaii/Cute
28-20-43
X2 (2, N = 81) = 20.2, p < .001

3.5 Perceptions of Kawaii/Cute Across Gender and Culture

To investigate gender differences and the differences that stem from cultural back-
grounds, additional statistical tests were employed. A chi-square test of independence
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was performed to examine the relationship between gender (male vs female) of the par-
ticipants and their perceptions of kawaii/cute for each of the eight robot pairs. The results
show that there was no significant association between gender and how each robot pair
was perceived.

Similarly, a chi-square test of independence was performed to investigate the dif-
ferences in perception between two cultural backgrounds (American vs Japanese). A
chi-square test of independence was performed to find the relationship between cul-
tural background and the participants’ perceptions of kawaii/cute for each of the eight
robot pairs. The result shows that the relationship between these two variables was not
significant for any of the pairs.

3.6 Preferences for All Participants

After watching each robot-pair video, participants also answered a question that asked
“Which robot would you prefer to be with?” Participants responded to this question by
selecting one of the following three choices.

1 The left robot.
2. No preference.
3. The right robot.

Table 3 shows the results of chi-square tests that compares participant’s preferences
for being around the left robot versus the right robot in each robot pair for all 81 par-
ticipants. In the right column of the table, participant responses are summarized in the
format x-y-z where x gives the number of participants who prefer to be around the left-
robot, y is the number of participants who found both robots equally preferable to be
around, and z is the number of participants who preferred to be around the right robot.
For example, the data in the second row of the table indicates that 45 of the participants
preferred to be around the left robot (with the elephant face) as compared to the right
robot. On the other hand, 20 participants had no preference for being around one robot
as compared to the other while 16 participants preferred to be around the right robot.

As shown in Table 3, for six of the seven robot pairs where there is a visual distinction
between the robots, the results show strong evidence that one of the robots in each pair
is preferred. In each of these cases, the participants prefer to be around the robots that
they judged to be more kawaii/cute. This includes cases when the robots were more
animal-like (Fig. 3 and Fig. 7), when they were rounder (Fig. 4, and Fig. 6), when they
were shorter (Fig. 8), and when they were smaller (Fig. 10). For the robot pair shown in
Fig. 5, while the statistical results did not show differences in preference for the rounder
and more kawaii/cute robot, the tendency is in the expected direction.

As noted previously, the pair of robots in Fig. 9 do not differ visually. The right robot
in this pair makes a smoother sound when it moves. Participants indicated preference
for being around the robot that sounds smoother.

3.7 Preferences Across Genders and Cultures

Further analyses were conducted to investigate the relationships between gender (male
vs female) and preferences. A chi-square test of independencewas performed to examine
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Table 3. Preference for being around left versus right robot for all participants (N = 81)

Robot Pair Preference to be around Left vs. Right

Fig. 3 Vacuum Trash Removal Robots
Left: Elephant face
Right: No face

Elephant face is preferred
45-20-16
X2 (2, N = 81) = 18.5, p < .001

Fig. 4 Vending Machine Robots
Left: Square
Right: Round

Round is preferred
7-24-50
X2 (2, N = 81) = 35.1, p < .001

Fig. 5 Floating Tour Guide Robots
Left: Round
Right: Square

No significant difference
35-23-23
X2 (2, N = 81) = 3.6, p = .165

Fig. 6 Companion Robots
Left: Square
Right: Round

Round is preferred
20-14-47
X2 (2, N = 81) = 23.1, p < .001

Fig. 7 Floor Cleaning Robots
Left: Square
Right: Round

Round is preferred
11-20-50
X2 (2, N = 81) = 31.2, p < .001

Fig. 8 Information Kiosk Robots
Left: Tall
Right: Short

Short is preferred
16-15-50
X2 (2, N = 81) = 29.7, p < .001

Fig. 9 Shopping Assistant Robots
Left: Harsher Sound
Right: Smoother Sound

Smoother sound is preferred
29-12-40
X2 (2, N = 81) = 14.9, p < .001

Fig. 10 Announcement Robots
Left: Big
Right: Small

Small is preferred
16-12-53
X2 (2, N = 81) = 38.2, p < .001

the relationship between gender (male vs female) of the participants and their preferences
for eachof the eight robot pairs. The results show that therewas no significant relationship
between gender and how each robot was perceived for 7 of the 8 robot pairs. The
exception, as described below, is for the robot pair shown in Fig. 10.

A two-variable chi-square test demonstrates a significant difference between male
participants and female participants with respect to preferences for the pair of announce-
ment robots shown in Fig. 10. While males and females both prefer the smaller robot
on the right side of the figure, this preference is more significant for females X2 (2, N=
41) = 8.1, p = .017.

Similarly, a chi-square test of independence was performed to investigate the dif-
ferences in perception between cultural backgrounds (American vs Japanese). A chi-
square test of independence was performed to find the relationship between cultural
background and the participants’ preferred robots. The result shows that there is not sig-
nificant association between cultural backgrounds and preferences for any of the eight
robot pairs.
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4 Discussion

This study demonstrates that designing a robot to be more animal-like, rounder, shorter,
and smaller increases participant’s perceptions that the robot is kawaii/cute.More impor-
tantly, the study shows that designing a robot to be more kawaii/cute appears to posi-
tively influence human preference for being around the robot. These findings hold across
Japanese and American culture and across males and females.

While both males and females prefer smaller robots to larger ones, this preference
appears to be more significant for females. However, no other differences were found
between genders or between cultures.

5 Future Work

In this paper, we have only reported the results of initial chi-square tests, but for future
work, we will conduct post hoc tests to more clearly explore relationships among robot
pairs.

In this paper we have confined our formal analysis to the adjectives kawaii and
cute. The data suggests that the adjectives “approachable,” “beautiful,” “comfortable”
and “soft” may be correlated with the adjectives “kawaii/cute” and we will explore and
report on these relationships in future work. Conversely, the adjectives “trustworthy”
and “polite” do not seem correlated with kawaii/cute and many users saw do difference
between left and right robots with respect to trustworthy and polite. These adjectives
seem to be more relationship-based and may require more context than a short video
provides. We will explore these adjectives in conjunction with kawaii as an emotional
process in future work.

The survey instruments used in this study could easily be translated into languages
other than English and Japanese, which would allow us to extend this work to other
cultures.

We also plan to measure reaction to real robots rather than videos of robots. Finally,
we plan to use biosensors to gauge participant reactions rather than relying on surveys.
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Abstract. In this work, we present a robot-assisted photo reminiscence
system. Previously, we focused on the development of the question gen-
eration system through a social robot interface. Results showed that the
proposed system was able to produce coherent, related and appropriate
questions that would trigger the reminiscence process. In this study, using
an iterative incremental model, based on feedback from the end-users
(elderly and caregivers), we deployed an improved prototype robotic
system on a senior center with elderly users and in a lab setting for
independent living elderly. Results from our feasibility study show that
participants proactively engage with the robot and find the prospect of
reminiscence therapy both effective and enjoyable.

Keywords: Human-robot interaction · Photo reminiscence · Memory
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1 Introduction

With the advancement of medicine and the industrialization of developed nations
comes phenomena such as a dramatic increase in the average life expectancy [1]
and the lowest birth rates in recent history [2]. This trend, commonly known
in the literature as hyper-aged societies, is a major healthcare challenge as the
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number of elderly patients increases while the number of available caregivers
decreases. Furthermore, dementia is one of the major public health concerns of
the 21st century. According to the World Health Organization [3], over 150 mil-
lion people worldwide are projected to suffer from dementia and other cognitive
impairments in their elderly years by the year 2050.

Among the non-pharmacological interventions designed to slow down brain
deterioration and memory impairment, reminiscence therapy stands out as an
effective option. It refers to the process of recalling and discussion of meaningful
past events with a conversational companion. Aided by supporting materials,
such as pictures or videos, the companion attempts to inspire and guide the user
in recollecting their memories and openly discuss them. The practice of reminis-
cence has well-documented benefits on emotional and mental well-being, as well
as stimulating cognitive functions and developing social and conversational skills
[4]. Additionally, by transferring their life experiences and knowledge to others,
older users who practice regular reminiscence sessions may achieve a greater
sense of life achievement and self-actualization [5].

Research on technology-driven reminiscence, while still in its infancy, has
made significant progress in recent years. This technology attempts to reduce
the barriers of traditional reminiscence therapy, which strongly relies on trained
personnel and/or family members that can support the sessions, reducing the
practicality and reach of the intervention, in particular for users with reduced
social contacts. To address this issue, several studies have attempted to imple-
ment assistive tools geared towards reminiscence therapy [6–10]. These studies
have focused on different aspects of the reminiscence process, attempting to
facilitate the use of technology for older adults, provide a platform to collect
their memories through storytelling, and support conversations. In other words,
while these implementations have often focused on the interaction design and
data collection aspects, little research has been done where the use of artificial
intelligence is the driving force of the reminiscence platform.

In [10], we introduced a novel question posing system for robot-assisted photo
reminiscence. Validation was based on the classification accuracy of the image
understanding module. The overall performance of the system was evaluated
by a Human-Robot Interaction (HRI) experiment with college students. Results
showed that the proposed system was able to produce coherent, co-related and
appropriate questions that could trigger the reminiscence process based on the
participant’s personal photographs.

In this paper, we present an improved implementation of a reminiscence
companion robot. Through an iterative incremental model, we identified the top
features that users requested in the first prototype: (1) The robot should ask
more types of questions: We leverage a collection of AI-based Image Under-
standing techniques to obtain additional information from an image, giving the
robot a wider array of topics to discuss. (2) The system should show related
pictures: We implemented a dynamic photo album display tool to display and
organize images. (3) The robot sometimes would be too eager to ask another
question: Using a variety of methods, the user experience was improved for the
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user. Furthermore, we validated the proposed system with elderly participants,
both living independently and in assisted living homes.

The rest of this paper is organized as follows: Sect. 2 presents a collection
of implementations of artificial photo reminiscence agents, either robotic or not,
and highlights the shortcomings we address of each in the proposed system.
Sections 3 and 4 discuss in great detail the implementation of the robotic system,
the AI modules and their characteristics, as well as a description of the inter-
device communication protocols. In Sect. 5, the validation feasibility study and
its results are discussed. We close the document with a few concluding remarks
and future works.

2 Related Works

In [6], the authors developed a social companion robot to interact with elderly
users. The robot included an activity for reminiscence. In their approach, the
experimenters would collect the materials (e.g. photographs and verbal stories)
prior to the experiment and hard-code them into the robot’s memory, with the
robot retelling the story and asking simple questions during interaction with the
user. While the authors present a comprehensive set of activities for a robot
companion, the approach to reminiscence therapy is rather limited, as the robot
can only use a priori information with no live input from the user.

More recently, Tokushige et al. [7] presented a study on the effects of reminis-
cence therapy on the brain of elderly patients with mild to moderate dementia
using Near Infrared Spectroscopy. Their results show that, if done properly, rem-
iniscence therapy stimulates activation of the frontal lobe, which is associated
with important cognitive skills (e.g. memory and language). Furthermore, the
authors and others before [9] have pointed out that performing one-on-one rem-
iniscence is more effective than group reminiscence.

Carós et al. [8] introduced a chat-bot dialogue system to aid therapists guide
a reminiscence therapy session. With the user’s photos as input to a Visual
Question Generation (VQG) model consisting of an encoder decoder with atten-
tion architecture, using a residual network (ResNet-101) and a Long Short-Term
Memory (LSTM) model, respectively. The authors used a beam search of 7 to
generate up to 5 questions per image with a maximum sequence length of 6
words. Each of these questions is then presented via the system’s User Inter-
face on a messaging app - Telegram - where the user can type back a response.
The reply is analysed by a Recurrent Neural Network (RNN), again, using the
encoder-decoder with attention architecture to generate a follow-up response,
thus imitating a turn-based conversation.

While this system can automatically generate questions for given pictures, it
faces several challenges: Since there are no open-source corpora available specific
for reminiscence therapy, the authors recurred to a general question corpus to
train the VQG network (Persona-chat) and a movie dialog corpus (Cornell movie
dialogues) for the chatbot model. Furthermore, since both questions and replies
are generated by AI models, the output sentences could have grammatical errors
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or be non-sensical, which can generate confusion among users. Finally, if the
input images have similar visual features, the system may generate similar or
repetitive questions.

Asprino et al. presented a knowledge-driven approach to robot-assisted photo
reminiscence [9] as part of the EU MARIO Project. They introduced an onto-
logical knowledge graph to store and query biographical information of the
user, including personal details, relationships and life events, and multimedia
objects related to these. In their approach, the biographical information could
be obtained by the robot either offline by having a relative or caregiver fill in per-
sonal details prior to an interactive session or through social interaction, using
speech understanding to fill in these details. In interaction, the questions are in
the form of templates which can be instantiated with the details of a given node
(e.g. is this <person name> your <personal relationship>?). Furthermore, the
authors define two types of questions. Close-ended questions: yes/no questions
or questions where the answer is in the knowledge graph (e.g. in what year was
your wedding?). This type of question can be used to test the user’s memory.
Open-ended questions can be used to trigger reminiscence (e.g. how was your
wedding like?). While the authors present a complete framework that can be
used for the reminiscence process, as of their latest publication, experimental
results are yet to be reported.

In contrast to the presented approaches, by leveraging deep learning net-
works, the system is able to obtain information from the photographs them-
selves, enriching its ability to ask different types of questions. Furthermore, the
proposed reminiscence system is implemented in an embodied robot agent, which
gives the system a higher social presence, which in turn fosters the ability of it
to generate rapport with the user.

3 System Design

The reminiscence system prototype was implemented as shown in Fig. 1. Briefly,
the system has two hardware pieces that interact with each other: a desktop
computer and a social robot. The photo album of the user is uploaded to the
system, where the Image Understanding (IU) module is applied batch-wise to
all files in the album to extract information such as the event that is happening
and the scene it took place in. This data is stored in CSV files for the visualiza-
tion interface, D-FLIP. In our application, this interface shows a large number of
images as a dynamic array, where the user selection can affect the image prop-
erties (e.g. enlarge and center). When the user selects a picture, the metadata
generated by the IU module for that file is loaded and used in the Question
Generation (QG) module to produce questions related to the topics observed by
the robot in the picture. The robot then will be commanded to speak out the
generated sentence through its Text-To-Speech (TTS) engine, then await for the
user to reply.

Upon finishing listening to the users’ response, the Speech-To-Text (STT)
engine will then parse the text contained in the user speech, which is then passed
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on to the Natural Language Understanding (NLU) module, which is programmed
to understand certain keywords in the users’ reply. If the user has not selected a
new picture, upon completing checks on the number of questions asked and the
time elapsed since the beginning of the session, the robot will generate a new
question for the selected image. Once a preset maximum number of questions is
reached, the robot prompts the user to change pictures. Once the user selects
a new picture the QG module creates questions with the updated metadata.
Finally, when the session timer runs out, the robot finishes the sessions and
thanks the user for their time.

In this section and the following, every process mentioned in the above
overview will be discussed in greater detail.

Fig. 1. System overview

3.1 Picture Selection Interface

An automated photo reminiscence system requires a digital visual interface where
the user can view their personal photo album and select a picture they desire to
talk about.

Recently, with the adoption of cheap and high resolution camera modules in
several smart devices, as well as the development of social media, the number of
digital photos that people produce has risen exponentially. This often unorga-
nized data is a great source of information for photo reminiscence. However, to
be useful, these images need to be labeled with whatever meaningful entities are
found in them. For instance, the number of people, the objects present in the
scene, etc. This information can be gathered in two ways: Manually, tagging a
picture with the aid of a specialized UI; or automatically, leveraging large pic-
ture databases, neural networks can be trained to estimate or recognize certain
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information in an image. In this work, as a baseline, we use the latter option
only, letting the system recognize entities in the data by itself. More information
can be found in Sect. 4.

With a large enough collection of pictures, having a dynamic, flexible way to
present semantically related pictures to the user becomes a priority for effective
photo reminiscence. For instance, a user may be inspired to recall more memory
details by observing several pictures that are chronologically near, or that contain
a similar theme or people.

D-FLIP or Dynamic and Flexible Interactive PhotoShow, a platform pro-
posed by Kitamura et al. [11,12] uses a combination of organizational princi-
ples to sort digital photos, with the results of such rule set being continuously
updated in the user interface, resulting in a fluid, dynamic photo viewing expe-
rience. Build in Unity for Windows, D-FLIP presents the user with a tool that
can help to effortlessly organize and sort through vast photo collections.

For the photo reminiscence application, D-FLIP presents an opportunity for
the system itself to control the user interface so as to guide the user through a
story with related topics, be it the time, place, or people in the picture. Thus,
we devised an interface for the reminiscence system to be able to select pic-
tures. Once a certain condition is met (e.g. a maximum number of questions
was reached), the system will either prompt the user to select a new picture or
present them with a new picture autonomously. Nevertheless, the user also had
the freedom to change the picture at their own will (Fig. 2).

Fig. 2. D-FLIP Interface samples. (left) Related items surround the selected item.
(right) Manual creation of item groups.

3.2 Robot Speech Interface

The second hardware component of the reminiscence system is the social robot.
For the experiment results reported in this paper, we used the social robot Zenbo
Junior (See Fig. 3). Made by Asus Inc., Zenbo Junior is 31.5 cm tall and 2.75 kg
heavy, has a battery that lasts up to five hours, a differential wheel configuration,
a touchscreen that acts as its face and an array of sensors including a 720p
camera and high fidelity microphone. As it runs on Android OS, the robot can
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be programmed to move around, speak, and use its sensors to interact with the
environment by deploying an Android application, or app.

The modules developed for Image Understanding (Sect. 4) however, require
a substantial amount of computing power to process pictures in an effective
manner; furthermore, tools and libraries for artificial intelligence and machine
learning are more prevalent in Python when compared to other programming
languages. The computing power on mobile devices such as Zenbo Junior is also
often insufficient. Therefore, in the proposed system prototype, a desktop PC
acts as a local back-end that can perform the computationally heavy processes.
In a production environment this could be upgraded to a cloud-based server
implementation.

On a technical level, the communication interface between the robot and
the back-end computer was achieved through Google Remote Procedure Call
(stylized gRPC). A communication protocol was devised using JSON objects as
messages that could be encoded and decoded in either side seamlessly, regardless
of programming language. The functions of the robot as a voice interface to
speak out questions and listen to the users’ replies were then controlled by the
reminiscence system in an easy-to-use API which would handle the transmission,
execution of TTS and STT and return the users speech, if any, back as a result.
Additional back-channeling behaviors [13] were available for the robot as well.
For instance, the robot could nod its head or change its facial expression upon
command by the reminiscence system.

Fig. 3. Zenbo Junior. The social robot used for the reminiscence system.

3.3 Natural Language Understanding

Once the robot has finished uttering a question, it will activate its microphone
and attempt to record the users’ speech. By design, if no sound is detected,
the robot will either repeat the question or prompt the user to talk by saying
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encouraging sentences, such as “can you tell me more about this picture?”. Oth-
erwise, the robot will parse the audio file and return the words detected in it.
The STT engine used by Zenbo Junior is proprietary of Asus Inc. and cannot
be overridden. Accuracy benchmarks are not known to exist.

Once the utterance string has been created, it is fed into a NLU engine
in order to attempt to detect meaningful keywords or commands in the users’
speech. Ideally, techniques such as multi-gram patterns or neural network-based
predictions could be used to identify keywords in the users utterances. How-
ever, it is common knowledge that these methods are not well-suited for general
purpose conversations. Therefore, in our practical implementation only a basic
keyword matching algorithm was implemented. This was helpful for the user to
navigate the robots’ software using voice commands with yes/no questions. For
instance, the robot may ask: “Is this a picture of a wedding?”. The robot could
then take different actions depending on the users’ response.

Furthermore, following the convention of Wizard-of-Oz HRI experiments, a
manual override was implemented such that a remote operator could control the
robots’ actions in case of a malfunction in the reminiscence system.

3.4 Question Generation

To generate an extensive and comprehensive list of topics to interact with the
participants, we gathered 406 questions and statements in total in the system’s
question database. We asked graduate students to think up various questions
related to the labels (shown in the Table 1 below), which the system’s image
understanding module would classify.

Table 1. Detectable classes by each IU module.

Category Classes Number of items

Events general event, graduation, hiking, picnic,
sea holiday, ski holiday, wedding

286

Scenes animals, temple, street view, sports arena,
snow, river lake, restaurant, mountain,
mall store, kids park, house room, house,
general scene, garden, outdoor building,
indoor building, beach coast

120

4 Image Understanding

4.1 Scene Prediction

In the context of this paper, scene refers to the physical location type where the
photograph took place. These labels are general rather than specific (e.g. restau-
rant or beach, rather than McDonald’s or Cancun). Then, for recognizing the
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Table 2. New class designations for scene recognition. The table also shows the number
of Places365 merged classes and the training, validation and test dataset size.

Class Name # of Merged
Classes

Training
Images

Validation
Images

Easy-Test
Images

Hard-Test
Images

beach coast 9 45000 900 258 13

building indoor 10 49254 1000 234 52

building outdoor 10 50000 1000 234 23

garden 10 49939 1000 265 22

house room 12 60000 1200 260 31

kids park 8 40000 800 257 13

mall store 10 49001 1000 260 2

mountain 9 45000 900 255 28

restaurant table 10 50000 1000 266 14

river lake 12 60000 1200 264 5

snow 9 44457 900 265 5

sport arena 10 48376 1000 240 2

streetview 6 30000 600 299 10

temple 7 35000 700 230 7

default class 13 66065 1300 0 20

Total 145 722092 14500 3587 247

scene of photographs, we utilize the Places365 dataset [14]. To facilitate the data
collection process described earlier, we group dataset classes that are semanti-
cally related since questions generated for one category can also be applicable for
others. For example, inquiries about the “beach” class could also be applicable
for “coast” and “wave”. After merging categories (only 145 out of the 365 were
used), the resulting subset contained 14 different classes, each one composed of
6 to 12 classes from the original. Given that participants could provide images
that do not belong to any of the designated classes, scene recognition becomes
an open set problem. To mitigate the issue, an extra class was incorporated with
images from unused classes. Table 2 details the final classes and their sizes. It also
shows the Easy and Hard datasets size. “Easy-Test Images” was compiled from
Google using the merged class names as search keywords. “Hard-Test Images”
is composed from the images provided by the participants during some of the
experiments.

The utilized CNN architecture employs VGG16 as the backbone with a global
average pooling, fully connected layer and softmax function as the top layers.
We are using a Keras version of the pre-trained Places365 weights [14] and
fine-tuning the network with the newly designated classes. Data augmentation
techniques like rotations, zoom and shifts were utilized during training.
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4.2 Event Prediction

Similar to [10], we define event as the people-centric activity that the people that
appear on the picture are doing. Given the demographics of our target audience
(elderly patients of Taiwan), we decided to use the six most common classes
of the USED dataset [15] that our users could have experienced before. These
include graduation, mountain trip, sea holiday, ski holiday, picnic and wedding.
Similar to the scene recognition module, an extra class is adopted, composed
from images from the unused classes of the USED and Places365 dataset. The
training set contains 167582 images and the validation set 501880.

We tried using a single network for recognizing the scene and the event of an
image; but given the different domains of the datasets (USED dataset portraits
more people than the Places365 dataset), we opted for individual networks to
avoid bias and improve accuracy. We also employ VGG16 with a global average
pooling, fully connected layer and softmax function as the top layers as the CNN
model. The pre-trained Places365 weights [16] were used and fine-tuned the net-
work with the mentioned classes. Data augmentation techniques like rotations,
zoom and shifts were utilized during training.

5 Validation

5.1 Procedure

Experiments took place in Taipei City Zhishan Senior Care Center. Inside, there
was a room designated for the experiment to take place. Prior to the experiment,
participants were recruited in a session where the objectives and scope of the
experiment were introduced to a group of potential elderly participants. After
a brief presentation, those interested in joining the experiment were asked to
fill a contact information sheet to schedule an experiment appointment over the
phone.

Participants were encouraged to submit their personal photos as it was
expected that the effectiveness of the reminiscence system would be more notice-
able in such cases. In the case where a participant would submit physical pictures,
these were digitized and returned to them as electronic files as an additional par-
ticipation perk. In the cases where participants did not have easy access to any
personal photographs but were still interested in participating, they were allowed
to perform the experiment with a generic photo album.

In total, we recruited 10 participants 68 to 87 years old (M = 78.6, SD =
6.72, 80% female). Their average score in the Mini-Mental State Examination
(MMSE) was 29 out of 30 (scoring 25 or more represents the participants are
not cognitively impaired.) Each participant submitted their personal pictures
prior to the HRI experiment. Based on Taiwan’s ethics and confidentiality reg-
ulations, we received approval for the experiment from the Institutional Review
Board of National Taiwan University(IRB application id: 201803HS017). We
then drafted the participant consent form following the IRB guidelines. All par-
ticipants received a detailed explanation of the experiment procedure and signed
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the consent form to use and store their personal data for research purposes, both
the submitted files and any audiovisual recordings of the experiment sessions.

The time allotted to each participant was of one hour. Within that time,
participants engaged in a reminiscence session with the robot for up to 20 min
and then performed a number of questionnaires to evaluate the performance of
the robot. During the reminiscence session, participants would be presented with
a digital version of the photos they provided shown on the D-FLIP interface. The
robot would begin by greeting the user and verbally issue instructions on how
to use the system. Participants could then select the picture of their preference
and drag it towards the center of the screen. The robot would then begin asking
questions about the entities in the picture (i.e. scene and event). If 5 questions
were asked about the same picture, the robot would prompt the user to change
the picture to create new questions.

When the time ran out, the robot was programmed to automatically termi-
nate the session by thanking the participant for their participation in a friendly
manner (Fig. 4).

Fig. 4. Participants using the photo reminiscence system.

5.2 Questionnaires

To assess the system performance in different aspects, we used 2 questionnaires:
a HRI questionnaire and the Technology Acceptance Model (TAM) question-
naire [17]. The participants were asked to answer the questionnaires after the
reminiscence session.

The HRI questionnaire was designed in a previous research published in [10],
which aimed to assess whether the system could help the participants to recall
their memories. The questionnaire was designed to evaluate the system from
4 perspectives: Relatedness, appropriateness, effectiveness, and responsiveness.
There are 7 descriptions designed to evaluate the 4 perspectives, and the par-
ticipants were asked to rate the descriptions on a scale of 1 to 5 (with 1 being
least favorable and 5 being most favorable). This questionnaire was originally
designed for another social robot, RoBoHoN. Still, as the results in the HRI
Usability Evaluation section below show, performance was favorable regardless
of the robot used.
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The TAM Questionnaire is a commonly used questionnaire for research con-
cerning usage intentions in terms of social influence and cognitive instrumental
processes. We modified several questions so that the questionnaire would be
more suitable for our reminiscence system. This questionnaire aimed to assess
whether the participants would want to and would like to use the robot-assisted
system. It would assess the participant’s acceptance of the system from 3 per-
spectives: the participant’s intention to use, the perceived ease of use, and the
perceived usefulness. The questionnaire is comprised 3 yes-no questions and 6
descriptions rated on a scale of 1 to 5 (with 1 being least favorable and 5 being
most favorable) as shown in Table 3.

Table 3. TAM questionnaire

Index Perspective Content

1 Yes-no question Have you ever seen any robots before in real life?

2 Yes-no question Have you ever seen Zenbo Jr. before?

3 Intention to use If I own a Zenbo Jr, I would like to use it

4 Intention to use If I own a Zenbo Jr, I think I would
like to speak with it

5 Perceived usefulness I find Zenbo Jr. useful

6 Perceived ease of use I find it easy to interact with Zenbo Jr.

7 Perceived ease of use I can communicate with Zenbo Jr. easily

8 Perceived usefulness I can establish good rapport with Zenbo Jr.

9 Yes-no question Are there any incidents during the experiment?

5.3 Results

Scene and Event Prediction. Table 4 presents the scene and event prediction
performance on a variety of image datasets. The training and validation sets
refer to those belonging to the dataset used for training the event (USED) and
scene (Places365) datasets, whereas the soft and hard test sets are composed of
pictures obtained from the experiment participants. The hard test set contains
all photos from all participants, whereas the soft test set only includes pictures
where it is rather obvious that the event or scene that appears in the picture
could fit in one of the trained classes.

From the results we can observe that the trained models have acceptable
performance when the test pictures belong to one of the categories it possesses,
otherwise the prediction accuracy drops significantly. We hypothesize this is
because of two reasons:

1. The open set problem: Naturally, the system does not perform well on classes
that it is not trained to recognize. Even when the addition of a default class
improved the accuracy slightly, the system still struggles with unseen classes.
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Table 4. Events and scenes networks’ performance

Network accuracy Training Set Validation Set Soft-Test Set Hard-Test Set

Events (VGG16) 0.881 0.835 0.822 0.587

Scenes (VGG16) 0.804 0.793 0.763 0.599

2. Image quality: Participant photos may have a variety of visual artifacts from
the camera hardware (e.g. blurry, overexposed), development (e.g. exposed
roll) or the pictures old age (black and white, washed out colors). These
phenomena are all detrimental to the prediction accuracy. To train networks
that are robust to more naturalistic data is still an open problem.

HRI Usability Evaluation. Figure 5 shows the HRI and TAM Questionnaires’
results, where N is the number of participants, x̄ and σ are the mean and stan-
dard deviation of all participants’ total score, and P and T represent the statis-
tical p-value and t-value, respectively.

The HRI Responsiveness graph shows that participants using their own pho-
tos tend to believe Zenbo Jr. is more responsive compared to participants using
generic photos. The HRI Appropriateness graph shows that participants using
their own photos tend to agree with what Zenbo Jr. asks. Moreover, they feel like
what Zenbo Jr. asks is more likely to arouse their positive (happy) memories.

The TAM Intention graph shows that participants using their own photos
have higher intentions to use the robot-assisted system. Similarly, the TAM’s
Total Score graph shows that participants using their own photos have higher
acceptances toward the system.

Fig. 5. HRI and TAM evaluation
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Combining all the results above, though the number of the participants might
not be large enough to reach statistical significance, participants using their own
photos are more likely to give positive feedback on our system’s human-robot
interaction and are more willing to accept and use the system afterwards.

6 Conclusion

In this paper, a robot-assisted photo reminiscence system was presented. This
system was designed to autonomously guide an elderly patient throughout a
reminiscence session, asking questions that were related to the picture that the
user chose.

The system was conformed of two pieces: A dynamic photo album interface
and a social robot. The system could automatically extract visual information
from the pictures using pre-trained modules to detect scenes and events. The
photo album was displayed in a fluid and dynamic interface with sort and place
abilities. Furthermore, the system was capable of cohesive interaction through
the hybrid touch and speech interface designed.

Results showed that the performance of the image understanding modules
was excellent on the testing dataset; however, due to the intrinsic open-endedness
of the system, performance on real participant data was still deficient. From the
questionnaire evaluation, it was shown that most of the participants found the
system responsive and the questions asked appropriate for the picture selected.
This effect was boosted when participants used their own pictures. Furthermore,
elderly participants in general praised the system, finding it interesting and
effective at helping them talk about the pictures.

The system could benefit from further improvements, such as a more sophis-
ticated NLU engine that could parse keywords from the users’ speech, a way to
remember what the user has said, and a more user-friendly way to add pictures
to their photo album to talk with the robot.
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Abstract. When designing a virtual agent, implementing empathy is a factor that
can be considered to maximize the quality of human-agent interaction. However,
in a globalizedworld, it is important to scrutinize whether users’ culture affects the
perception of empathic agents. This study investigated the role of users’ cultural
background in the perception of emotional nonverbal behaviors of a virtual assis-
tant as empathic. It also examined which displayed emotional nonverbal behav-
iors affect different users’ perception of empathy. In an online study, 200 Iranian
and German participants rated the responses of a virtual assistant on five items:
friendliness, intelligence, empathy, trustworthiness, and helpfulness. The design
of the study was a 2 between-subject factor (culture: Iranians vs. Germans) ×
2 within-subject factor (context: sad situations vs. happy situations) × 4 within-
subject factor (nonverbal behavior for each situation: 3 emotional vs. 1 neutral)
mixed factorial design. The findings indicated that when the emotional nonverbal
behaviors are present, Iranians rated the agent as more empathic, trustworthy, and
helpful. Also, while Iranians perceived a wide array of nonverbal behaviors as
empathic (Smile, Head Nod plus Smile, Head Nod, Sad Face, Head Down, and
Dropping the Arms plus Sad Face), German participants only assessed Head Nod
as empathic.

Keywords: Empathic agents · Cultural differences · Nonverbal behavior

1 Introduction

Supporting technologies like agents and robots are increasingly entering and influencing
the everyday life of people. This makes the human-machine interaction more and more
inevitable, and in order to enhance and sustain the quality of such an interaction, we need
to have a better understanding of it. Moreover, to use the potential of these technologies,
it is crucial to maximize the quality of the users’ experience. To this end, a certain level
of believability and trustworthiness of the agent is required.

Empathic agents have been discussed to enrich the human-agent interaction [1]. It
has been long discussed that implementing empathy in the agents and robots leads to
users’ positive rating in the sense of trustworthiness, likeability, and caring [2]. Empathic
feedback also reduces negative feelings and the stress level of the users [3, 4] and can
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lead to less frustration in the users [5, 6], higher perception of friendliness [7] as well as
a sustainable long-term interaction [8].

In the process of implementing empathy in the agents, nonverbal behaviors can play
a crucial role in making the believability of the agent more salient. However, previous
studies have not dealt with the question of which emotional nonverbal behaviors can
facilitate the perception of empathy in the users. Moreover, as the agents will be inter-
acting with different groups of users with various cultural backgrounds, it is crucial to
consider that the meaning of emotional situations and the way people express them may
vary from one culture to another [9]. The enculturation process in each society plays
a key role in the way people show their emotions and mental states both verbally and
nonverbally [10]. It also can affect the perception and expectations they have of agents
and robots, depending on how the usage of these entities is common in those cultures
[11].

Several studies have taken the cultural background of the users into account when
implementing nonverbal behaviors in the virtual agent [12–14]. However, far too little
attention has been paid to the influence that users’ culture can have on their perception of
emotional nonverbal behaviors of the agent and perceiving them as empathic. This can
substantially impact the users’ feedback and, consequently, the quality of their interaction
with the agent.

In this study, we investigate whether cultural differences and their effects on the
ability to understand the mental states of others, which referred to Theory of Mind [1],
influence users’ perception of the emotional nonverbal behaviors of a virtual agent as
empathic. Furthermore, one of the main objectives of this study is to investigate which
presented nonverbal behaviors are considered as the most empathic ones. So far, many
studies [15, 16] have focused on user groups of very typical examples of individualistic
and collectivistic societies like the United States and China. In the current study, we
selected Germany and Iran as two culturally different societies. Although they have high
rankings in individualism and collectivism, respectively [17–19], they are discussed as
not the typical individualistic and collectivistic societies as the United States and China
are [20, 21]. Therefore, the state of the art is extended by focusing on Western and
Eastern cultures, which are not at the extreme ends of the individualism-collectivism
dimension.

Moreover, when it comes to investigating the cultural differences in the domain of
human-machine interaction, user groups from the Middle East are rarely taken into the
investigation. As the human-machine interaction is appearing in the Middle Eastern
countries as well [22] and the attitude towards acceptance of robots and agents is mostly
positive among these societies [23], it is important to focus on cultural features of these
rarely studied societies. This contributes to gaining more knowledge regarding user
experiences in human-machine interaction.

Taking into account the cultural differences between Iran and Germany, we aim to
scrutinize whether the interpretation of the emotional responses of a virtual assistant
will be different in the sense of perceiving them as empathic. This is the first study in
which a wide array of nonverbal behaviors of a virtual agent is tested for their cultural
effects. Therefore, it is a start for understanding whether culture actually has an impact
when perceiving specific nonverbal behaviors of agents.
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2 Theoretical Background

2.1 Empathy and Theory of Mind

Understanding other people is a key factor in successful and efficient interactions. In
this regard, Grice [24] stated that in order to be able to successfully understand an
utterance, we must be able to perceive the intention of the speaker. One prerequisite
for such a perception is the ability to figure out and understand that the internal mental
states, namely desires, beliefs, and emotions, have an effect on human actions. Having
this ability is referred to Theory of Mind (ToM) and is considered as a fundamental
prerequisite for human-human interaction [25]. Empathy is the ability to understand and
identify what others feel and which emotional states they have [26]. It is stated that the
development of empathy is influenced by having the ability of Theory of Mind [27–29].

ToM is a prerequisite for human-human communication [30]. Implementing ToM
in human-agent interaction can make a more fruitful interaction by enabling the inter-
locutors to understand and predict each others’ actions. In this paper, we focus on the
ToM of the human users and how it affects their perceptions and understanding of an
empathic virtual agent.

Empathy is categorized into two types: cognitive empathy and affective empathy
[31]. Affective empathy refers to the ability to be sensitive and share the emotional
states of others by showing, e.g., visceral reactions. In contrast, cognitive empathy is
described as the ability to take others’ mental perspective, which leads to understanding
the emotions of others [31]. As the focus of the current study is to figure out whether the
users understand the mental state of the virtual agent, which is empathizing with them,
the cognitive dimension of ToM; hence, cognitive empathy is of interest.

2.2 Nonverbal Behaviors in Virtual Agents

Nonverbal behavior is a crucial aspect of human-human communication. It has been
demonstrated that adults rather interpret messages based on nonverbal than verbal infor-
mation [32]. The impact of showing nonverbal behavior has also been shown in per-
ception and judgment of empathy of others [33]. Taking into account its vital role in
human-agent interaction, Krämer and colleagues [34] have found its effect on the user’s
experience and evaluation of an embodied conversational agent. It has been demon-
strated that even subtle nonverbal cues matter and have an impact on the perception and
evaluation of an embodied agent [34]. Moreover, the effect of nonverbal behaviors such
as human-like gaze [35, 36] head position and increased head movements [37], and the
presence of facial expressions [38] has been shown in creating amore positive evaluation
of the agent, in this sense that the agent is natural, useful and involved.

Previous research has shown that different target groups also affect the perception of
an agent’s nonverbal behavior. For instance, agewas investigated in a study to seewhether
it has an effect on the perception of emotional nonverbal behaviors as empathic [39].
The findings of this study indicated that, indeed, person variables could be influential
in the sense that young and elderly participants differed regarding the perception and
rating of emotional nonverbal behaviors.
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Several attempts have also been made to consider cultural aspects in implementing
nonverbal behaviors into a virtual character. However, most of these studies focused
on the perception of other aspects of nonverbal behavior, such as the spatial extent of
gestures [40], proxemics, gaze, and overlap in turn-taking [15] than emotional nonverbal
behaviors. The effect of cultural differences on the interpretation of emotional facial
expression was investigated by Koda and Colleagues [16]. The results of this study
demonstrated that the users decoded and perceived the facial expressions of the agent
more precisely when it was designed in their own culture. This study, however, has
emphasized the culture of the agent and how the perception of the people differed
depending on that. Since the nonverbal behavior can contribute to a better understanding
between the interlocutors, we aimed to investigate whether users’ culture influences their
perception of emotional nonverbal behaviors of an empathic agent.

2.3 Cultural Differences in Theory of Mind

Although the ability to have a ToM is proved to be a universal capacity, culture plays
a vital role in when and how people understand the mind of others [41]. There are
several environmental factors that influence the development of ToM, and consequently,
the ability to empathize and understand the empathic responses of others. Some of
these factors are parenting style [42], their language utilization [43], and conversations
referring to emotions [44], which all can be influenced by the culture of people and the
dimension of whether the culture is collectivist or individualistic.

Humans’ preference for emotional experience, expression, and recognition is depen-
dent on their cultural background [45]. Individualism/Collectivism is one of the most
important dimensions of cultural differences with regard to values, perceptions, and
behaviors of people, which were first introduced by Hofstede [46]. These dimensions
refer to the level of whether people prefer loosely or tightly knit social networks [46].
According toMatsumoto and Juang [47], the extent to which a culture puts more empha-
sis on individuals’ desires and preferences over groups’ or vice versa is defined by the
dimension of individualism/collectivism. In individualistic societies, the interests of the
individual are more important than the interests of the group. In collectivistic societies,
it is the other way around, meaning that the social behaviors of the people are deter-
mined by the values of the group, and it is norms, duties, and obligations that guide the
behaviors of people [46, 48].

The impact of this dimension has been shown in the human mental process, such as
perception, emotion, and cognition [49]. Several studies have focused on investigating
the role of collectivism and individualism in the development of ToM. For example, it
has been indicated that in individualistic societies like the United States and Australia,
people have “independent viewsof personhood,”which nurture children to shape primary
conceptualizations of ToMby thinking for themselvesmore independently, framing their
own ideas, expressing their thoughts more freely and being involved in discussions [50,
51]. On the other hand, in a collectivistic society like China, many values like filial
respect, conformity to the cultural norms and traditions rather than expressing ones’
own opinions in an independent way are taught by parents [50, 51]. This, as a result,
leads to a different conceptualization of ToM in collectivistic societies, with the main
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concept of the mind being focused on the insight that people have the capacity to be
acknowledgeable than to be assertive in their different opinions and beliefs [52].

Cultural variation has been reported to have an effect on developing different cogni-
tive processingmodes [53]. It has been demonstrated that cultural values of individualism
and collectivism, e.g., self-construal style, affect the visual perception and experience
of people. This can suggest that the culture of people plays a role in the way they use
any cues for the perception of (emotional) states of others. Especially when it comes
to perceiving certain nonverbal behaviors as more or less empathic, various visual per-
ceptions might affect the way people use different aspects and cues in order to facilitate
such perception.

3 Empathy in Collectivistic and Individualistic Cultures

The acquisition of ToM and the ability to empathize and understand other people’s
empathic behavior are related to each other, as both rely on inferring the mental states
of others [54]. Therefore, knowing the cultural differences within the dimension of
collectivism/individualism and how it affects the ability of ToM can contribute to a
better understanding of how empathic responses and perception may differ in a specific
culture and why people interpret certain behaviors as more or less empathic.

Studies regarding empathy indicated the potential influence of culture on the level of
expressed empathic behavior and how it is being evaluated [55]. While we all recognize
universal nonverbal emotions, cultural influences contribute to an accurate judgment of
the emotions of others [56]. As Chopik and colleagues [55] demonstrated, the society
being individualistic or collectivistic affects the empathy level of people. They indicated
that collectivists value and experience empathy more than individualists. Further, it has
been shown that a higher level of collectivism was linked to a higher level of empathy
[57]. One explanation is that compared to collectivistic societies, people from individ-
ualistic societies have more independent views, leading them to possess more positive
self-view and weaker motivations for conformity [49].

According to Bedford and Hwang [58], the different moral education and caregiv-
ing attitudes are different in various cultures and can influence the people’s empathic
behavior. Different socialization of these societies can also impact how people interpret
others’ emotions and what kind of expectations they have in particular emotional situ-
ations. Therefore, perception and interpretation of others’ suffering can be formed by
culturally-constructed meanings [10]. How emotional feelings are expressed, appraised,
and perceived might vary, depending on the cultural-relevant norms saying which emo-
tions should or should not be expressed [47]. For example, as people are more concerned
with good interpersonal relationships in collectivistic societies, it has been indicated that
they put more emphasis on social norms and how one should behave in different social
situations [59].

The ability to perceive and correctly interpret others’ emotions and share an emo-
tional response in return enables people to act appropriately in different social and
emotional contexts. Considering that people from collectivistic societies have more con-
formity with cultural norms and tradition and that caring is a value in these cultures,
theymight have a higher expectation of receiving an emotional response from an interac-
tive partner. However, this might be not the case for individualistic societies. Therefore,
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the question here would be whether the different level of empathic behavior present in
collectivistic and individualistic societies can influence the understanding of empathic
responses in human-agent interaction.

4 The Case of Iran and Germany

For the collectivistic sample, we selected Iranian participants as Middle-Easern exam-
ples. However, it is important to note that they have less collectivistic values than people
from China [21, 60]. We compared Iranians with German participants, as the Western
sample with individualistic tendencies, though less individualistic than the typical exam-
ple of the United States [20, 61]. It has been reported that the communication among
Germans is mostly direct, in the sense that they would value honesty even if it hurts, and
they are relatively independent of others and have more emphasis on their own prefer-
ences and needs other than the group’s [19]. Other cross-cultural studies also suggested
Germany as a country with more individualistic values, resulting in less orientation
toward obedience as an initial objective of the socialization [62].

On the other hand, the collectivistic tendencies of Iranians emphasize their interde-
pendencywith others and connectednesswith social values and norms [63], interpersonal
relationships and group harmony [64], and learning to be sensitive about the emotions of
others from an early age [25]. It has been indicated that in Iran, it is of great importance to
maintain relationships and sacrifice one’s own need for the sake of group’s purposes, and
to this end, being sensitive to others’ communicative intentions is considered necessary
[65]. All these norms and differences, as can be seen in parenting styles and strategies
for children’s upbringing in these two societies, affect the development and having the
ability of ToM [25]. Consequently, this can play a role in understanding other peoples’
emotions and realizing whether they are empathizing or not [52, 66].

5 Empathic Agents in Different Cultures

Several studies have focused on the cultural differences regarding the empathic behaviors
of agents and providing an environment in which the users could empathize with the
agents. Degens and colleagues [66] presented culture as one of the requirements in
designing an agent for enabling it to act in an empathic manner. They proposed certain
requirements to create a conceptual model for an empathic agent’s social behaviors,
which can be modified by culture. In their model, the empathic agent’s understanding of
the social effect of the actions is necessary, and culture influences the behaviors of the
agent through social norms and moral circles.

“FearNot” is an application that is used for anti-bullying goals [67]. It provides a
school-based virtual learning environment where several virtual characters represent
different bullying scenarios [67]. This application considered cultural differences in two
societies, UK and Germany, and was designed to develop social agents that the users
could have empathic engagement with. Moreover, ORIENT was presented by Aylett
and colleagues [14] as a semi-immersive graphical environment to develop a believable
agent for educational purposes and encourage intercultural empathy in the users. These
studies focused on modeling different cultural environments to trigger empathy in the
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users or change their behaviors regarding desired purposes. One question that still needs
to be asked is whether the agent’s specific emotional nonverbal behaviors, independent
of which culture the agent represents, lead to the different perception of empathy in the
users who have a diverse cultural background. It is also important to know if the culture
influences whether people appropriately recognize that the virtual agent is empathizing
with them.

6 Hypothesis and Research Questions

As depicted in the theory section, enculturation process in different societies, depending
on the society being collectivistic or individualistic, might influence the development
and conceptualization of Theory of Mind in people. This can affect the understanding
and perception people have regarding the emotional responses of others.

Accordingly, the specific question in this study is whether Germans and Iranians,
with individualistic and collectivistic tendencies, differ in the perception of the emotional
responses of the virtual agent. This perception is independent of which emotions are
recognized and it is just focused on rating certain emotional responses as more or less
empathic. Therefore, we seek to test and address the following hypothesis and research
questions:

H:We assume that in the presence of emotional nonverbal behaviors, the perception
of empathy is different between Iranians and Germans.

Further, we would like to investigate whether the cultural differences affect the
perception of certain displayed nonverbal behaviors as more empathic:

RQ 1: Which emotional nonverbal behaviors of the agent are perceived as more
empathic by Germans and Iranian participants?

And finally, we strive to test whether the cultural background of the users also
has an impact on the overall rating of the agent, as indicated by friendliness, intelli-
gence, trustworthiness, and helpfulness, when the agent displays emotional nonverbal
behaviors:

RQ 2: Do Iranians and Germans, in the presence of emotional nonverbal behaviors;
rate the agent differently with regard to being friendly, intelligence, trustworthy and
helpful?

7 Methods

7.1 Material

Nonverbal Behaviors: The materials we used in this study were similar to our previous
study investigating the factor of age on rating an empathic agent [39]. All the materials
were translated from German into Persian. In order to be sure of the consistency of all
translations, the materials were back-translated to German as well.

The same embodied conversational agent, Billie (Social Cognitive System Group,
Citec Bielefeld, Germany), was used in this study, a cartoon-like character with a neutral
appearance, white skin tone, dark hair and no specific aspects of race so neither partic-
ularly German nor Iranian looking. Also, the participants had no prior knowledge of
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where the agent was designed. The nonverbal behaviors implemented in the agent were
created by using Key-frame editor. As the Initial gesture, the agent’s hands were rested
in front of the stomach and the fingers were tangled (Fig. 1). Six emotional nonverbal
behaviors, including three happy emotions and three sad emotions were created to show
appropriate emotional responses to related emotional contexts (Fig. 1).

Fig. 1. The nonverbal behaviors from left to right: neutral behavior, Smile, Sad Face, HeadDown,
and Dropping the Arms plus Sad Face.

When developing the nonverbal behaviors, some of the facial expressions like Sad
Face and Smile (see below) were inspired by the emotional avatars and empathic agents
in studies by [16]. However, for the purpose of this study and in order to test whether
the different intensity of the displayed nonverbal behaviors affects the perception of
an empathic agent, different nonverbal behaviors with head and body movements were
created as well. All these nonverbal behaviors were created and evaluated by researchers
from both Germany and Iran during the designing process. The features of the emotional
nonverbal behaviors are as follows:

Happy Nonverbal Behaviors

• Smile: the sides of the mouth rise, making the cheeks be pushed up to display
happiness. The duration is three seconds.

• Head Nod: the head is tilted in alternating up and down arcs to display acknowledg-
ment and interest in what has been said. The duration is two seconds.

• Head Nod plus Smile: The combination of one-time head-nodding accompanied by
the smiling face, to show a more intensive acknowledgment and bonding signal. The
duration is four seconds.

Sad Nonverbal Behaviors

• Sad Face: the inner corners of the eyebrows move upward, and the upper eyelids are
drooped. At the same time, the corners of the lips move downward, making the chin
looks raised to display sadness. The duration is four seconds.
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• Head Down: the agent lowers its head and moves its eye gaze downward, stays in this
position for four seconds, and moves it up again. The total duration is five seconds.

• Dropping the Arms plus Sad Face: the agent shows the sad face and drops its arms
to its sides simultaneously to display sadness. It stays in the dropped-arms position for
four seconds and then goes back to the initial pose. The total duration is five seconds.

Moreover, a neutral behavior was implemented as well in order to see whether the
participants’ rating of the agent differs in the presence and the absence of the emotional
nonverbal behaviors. In the neutral behavior, the agent showed neither body movement
nor facial expression but only subtle idle behavior to appear alive.

It is important to note that there was no intention of matching the nonverbal behav-
iors in different conditions. The point of creating different nonverbal behaviors was to
evaluate different possible emotional responses, from a more intense one (Dropping the
Arms plus Sad Face) to a softer response (Head Nod) to see whether there are specific
preferences regarding the intensity of the behaviors as well.

Context: In total, six emotional situations, including three positives and three negatives,
were uttered by the agent. These situations were selected from the results of an online
pre-test in which 30 Participants (Germans N: 15, Iranians N: 15) rated the emotional
valence of 12 different sentences on a 5-point Likert-scale, whichwas from I totally agree
(highest score: 5) to I totally disagree (lowest score: 1). The most common emotional
situations as selected by the participants are as follows:

Happy Situations

• On Thursday, July 11th, at 19:00, you will go to the concert of your favorite singer
(Positive rate: GER: M = 4.33, SD = 1.04, IR: M = 4.60, SD = 1.01).

• On Wednesday, July 24th, at 17:00, you will have a reunion with your old friend
(Positive rate: GER:M = 4.20, SD = .56, IR: M = 4.33, SD = .78).

• OnSaturday, July 27th, at 11:00, youwill go on a picnicwith your best friends (Positive
rate: GER: M = 4.27, SD = .59, IR = 4.60, SD = .80).

Sad Situations

• On Tuesday, July 9th, at 14:00, you will visit your friend in the hospital who suffers
from cancer (Negative rate: GER:M = 3.87, SD = 1.35, IR:M = 4.33, SD = 1.13).

• OnTuesday, July 16th, at 11:00, you will have a doctor’s appointment for your upcom-
ing operation (Negative rate: GER: M = 4.13, SD = .83, IR: M = 3.80, SD =
1.27).

• On Sunday, July 28th, at 19:00, you will hold a speech at the funeral of your friend
(Negative rate: M = 4.47, SD = .64, IR: M = 3.40, SD = 1.30).

7.2 Participants

Of the 200 participants that were recruited online, 100 were Iranians, 46 males and 54
females between the age of 17 to 39 (M = 29, SD = 4.0), and 100 were Germans,
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45 males and 55 females between the age of 18 to 43 (M = 24, SD = 5.6). Prior to
conducting the study, ethical clearance was obtained from the ethics committee of the
University of Duisburg-Essen. Participation in this study was voluntary and anonymous.

7.3 Procedure

On the starting page of the study, the participants were informed about the agent and
were instructed about the further procedures. The first video was an introductory video
in which the agent explained that its role is to review their imaginary monthly schedule.
The six emotional situations were uttered by the agent and presented to the participants
as videos. In order to assign all emotional nonverbal behaviors to the related context,
the agent repeated the situations randomly and showed different context-related emo-
tional nonverbal behaviors. Therefore, all happy nonverbal behaviors and the neutral
behavior were assigned to happy situations, and all sad nonverbal behaviors and the
neutral behavior were assigned to the sad situations. Finally, 25 videos, including the
introductory video, were presented to the participants, and each had a duration of 12 s
on average.

After watching each video, the participants had to fill in the questionnaires to rate
the agent on five items: I feel that Billie is Friendly, Intelligent, Empathic, Trustworthy,
and Helpful. The scale of the questionnaire was a 5-point Likert scale, ranging from I
totally agree (highest score: 5) to I totally disagree (lowest score: 1). On the last page of
the study, the participants were debriefed about the purpose of the study and were given
an option to participate in a raffle of Amazon gift cards.

8 Results

In a 2 between-subject factor (culture: Iranians vs. Germans) × 2 within-subject fac-
tors (context: sad situations vs. happy situations) × 4 within-subject factors (nonverbal
behavior for each situation: 3 emotional vs. 1 neutral) mixed factorial design, multi-
ple ANOVAs were conducted to analyze the ratings of the friendliness, intelligence,
empathy, trustworthiness, and helpfulness separately. To analyze the interaction effects
between the between and within-factors, separate repeated ANOVAs were conducted
for each target group. Post-hoc test using Bonferroni correction was used in all cases.
When the assumption of sphericity was violated, Greenhouse-Geisser correction was
reported. All effects are reported as significant at p < .05.

With regard to rating the item empathy, the results showed a significant main effect
of the culture on rating the item empathy F (1, 198) = 22.85 p < .001, η2 = .10. The
Iranian participants rated the agent as more empathic than their German peers (Table 1).
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Table 1. Means and standard errors of the two groups in rating the item empathy.

Groups M Std. error

Iranians 3.20 .72

Germans 2.72 .72

Moreover, a significant effect of the nonverbal behaviors on rating the item empathy
was observed F (2.42, 479.4) = 29.22, p < .001, η2 = .13. This indicates that the
perception of empathy across all participants was affected by observing the nonverbal
behaviors. Contrasts were performed comparing each emotional nonverbal behavior
to the neutral behavior for both groups. These revealed that compared to the neutral
behavior, all emotional nonverbal behaviors affected the perception of the participants
of the item empathy (Table 2 and Table 3).

Table 2. Statistical values of the performed contrasts for both groups’ emotional nonverbal
behaviors (empathy).

Nonverbal behavior F df p η2

Smile 17.14 1,199 <.001 .08

Head Nod plus Smile 37.04 1,199 <.001 .16

Head Nod 8.74 1,199 =.003 .04

Sad Face 18.92 1,199 <.001 .09

Head Down 37.54 1,199 <.001 .16

Dropping the Arms plus Sad 36.66 1,199 <.001 .16

Table 3. Means and standard deviations of the nonverbal behaviors independent of the culture.

Nonverbal behavior M SD

Dropping the Arms plus Sad 3.12 .97

Head Down 3.15 .96

Sad Face 3.01 1.0

Head Nod plus Smile 3.08 .93

Smile 2.97 .83

Head Nod 2.87 .87

Neutral 2.75 .80

Further, there was a significant interaction effect (culture × nonverbal behavior)
F (2.42, 479.4) = 28.77, p < .001, η2 = .13, suggesting that perceiving the agent as
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empathic based on the observed nonverbal behaviors was different between the Iranian
and German participants. This confirms the Hypothesis of the study (H). To break down
this interaction, contrasts were performed comparing each emotional nonverbal behavior
to the neutral behavior for each group separately. Results revealed that all emotional
nonverbal behaviors affected the Iranians’ rating of the item empathy (Table 4 and Table
5).

Table 4. Statistical values of the performed contrasts for Iranians (empathy).

Nonverbal behavior F df p η2

Smile 53.26 1,99 =.001 .35

Head Nod plus Smile 54.26 1,99 =.001 .36

Head Nod 4.31 1,99 =.04 .36

Sad Face 50.96 1,99 =.001 .34

Head Down 71.89 1,99 <.001 .42

Dropping the Arms plus Sad 58.87 1,99 <.001 .37

When performing the same contrast for the German participants, results revealed
that they rated Head Nod as more empathic: F (1, 99)= 4.46, p= .037, η2 = .04 (Table
5).

Table 5. Means and standard deviations of nonverbal behaviors for both groups (empathy).

Nonverbal behavior Iranians Germans

M SD M SD

Dropping the Arms plus Sad 3.50 .93 2.73 .86

Head Down 3.51 .85 2.79 .94

Sad Face 3.41 .95 2.61 .88

Head Nod plus Smile 3.40 .83 2.77 .93

Smile 3.33 .71 2.62 .78

Head Nod 2.91 .82 2.82 .93

Neutral 2.79 .76 2.71 .85

With respect to rating the other four items, the cultural backgroundwas found to have
no significant main effect on participants’ rating on agent’s friendliness and intelligence.
However, there was a significant main effect of the culture on rating the trustworthiness
of the agent F (1, 198) = 18.58, p < .001, η2 = .09. The Iranian participants rated the
agent as more trustworthy than Germans (Table 6).
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Table 6. Means and standard errors of the two groups in rating the item trustworthy.

Groups M Std. error

Iranians 3.27 .08

Germans 2.77 .08

However, no significant interaction effect was found (culture× nonverbal behavior),
indicating that the emotional nonverbal behaviors did not affect two groups’ rating of
the trustworthiness differently.

There was also a significant main effect of the participants’ culture on rating the item
helpful F (1, 198) = 7.46, p = .007, η2 = .04. The results revealed that Iranians rated
the agent as more helpful compared to Germans (Table 7).

Table 7. Means and standard errors of the two groups in rating the item helpful.

Groups M Std. error

Iranians 3.55 .75

Germans 2.27 .75

The nonverbal behaviors were found to have a significant effect on the rating the
item Helpful in the participants F (2.81, 557.3) = 3.33, p = .022, η2 = .02. Contrasts
revealed that compared to the neutral behavior, Smile and Dropping the Arms plus Sad
Face affected the perception of helpfulness (Table 8 and Table 9).

Table 8. Statistical values of the performed contrasts for both groups (helpful).

Nonverbal behavior F df p η2

Smile 10.20 1,199 =.002 .05

Dropping the Arms plus Sad 3.96 1,199 =.048 .02

Table 9. Means and standard deviations of the nonverbal behaviors for both groups (helpful).

Nonverbal behavior M Std. deviation

Smile 3.48 .81

Dropping the Arms plus Sad 3.40 .85

Neutral 3.37 .80

The data also revealed a significant interaction effect (culture× nonverbal behavior)
F (2.81, 557.3) = 5.68, p = .001, η2 = .03. This suggests that the nonverbal behaviors
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affected the rating of Iranians and Germans of the item Helpful differently. Contrasts
were performed for each group separately to compare each emotional nonverbal behavior
to the neutral behavior. Results indicated that compared to the neutral behavior, Iranians
perceived the agent as more helpful when they observed Smile, Head Nod plus Smile,
Sad Face, and Head Down (Table 10 and Table 11).

Table 10. Statistical values of the performed contrasts for Iranians (helpful).

Nonverbal behavior F df p η2

Smile 16.37 1,99 <.001 .14

Head Nod plus Smile 6.88 1,99 =.010 .06

Sad Face 4.94 1,99 =.028 .05

Head Down 7.60 1,99 =.007 .07

When performing the same contrasts for the German participants, no emotional
nonverbal behavior was found to have an effect on the perception of helpfulness (Table
11).

Table 11. Means and standard deviations of the nonverbal behaviors for both groups (helpful).

Nonverbal behavior Iranians Germans

M SD M SD

Dropping the Arms plus Sad 3.54 .81 3.23 .86

Head Down 3.62 .80 3.26 .86

Sad Face 3.59 .76 3.22 .85

Head Nod plus Smile 3.62 .81 3.26 .84

Smile 3.69 .75 3.28 .82

Head Nod 3.48 .85 3.32 .89

Neutral 3.46 .83 3.28 .76

In order to see whether Iranians’ higher ratings of trustworthiness and helpfulness of
the agent were correlated with the higher rating of the empathy, a linear regression was
conducted. The results revealed that the rating of the item trustworthy can be predicted
by participants’ rating of the item empathy by 21%, R2 = .21, F (1,98) = 26, p < .001,
β = .458, p < .001.

Moreover, a significant correlation was found between the higher rating of empathy
and the higher rating of helpfulness for Iranian participants F (1,98)= 44.17. P < .001,
β = .557, p < .001, indicating that the rating of helpfulness can be predicted by 31%,
R2 = .31 by participants’ rating of the item empathy.
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9 Discussion

The results of this study indicated that the participants’ cultural background indeed
influences rating the emotional nonverbal behaviors of the agent as empathic, confirming
the hypothesis of the study (H). When the agent displayed emotional responses, Iranian
participants perceived it as more empathic than their German peers.

This finding can be explained by cultural values existing in Iranian upbringings. In
Iranian culture, the upbringing values interpersonal similarities and harmony, respect and
politeness, and people learn from an early age to be highly sensitive to others’ emotions
to maintain relationships [66]. In this sense, observing a non-responsive behavior of
an interlocutor might be interpreted as impoliteness, which does not satisfy peoples’
expectation of a harmonized communication.

One other possible explanation might be that Iranian participants with their collec-
tivistic values tend to care about the needs of others, which might lead to an expectation
to receive empathic responses in emotional contexts. Due to this expectation, it seems
plausible that they paid more attention to the displayed emotional nonverbal behaviors
of the agent, and hence, perceived them as more empathic. However, future research will
have to more explicitly analyze whether these differences can be explained by a more
collectivistic nature of the Iranian participants.

Rating the agent as less empathic might be a reflection of the rather individualistic
values of German culture. Independency of the members of individualistic societies and
their less other-oriented sense of well-being might have led the German participants to
not rate the displayed nonverbal emotions as empathic, as they might not have felt the
need for empathic responses. However, these assumptions need to be tested in further
research by, for example, assessing both, the expectancy to see emotional responses and
the tendency to care for others’ needs in the questionnaire.

As was pointed out in RQ1, it was our interest to see whether there were cultural dif-
ferences with respect to rating various emotional nonverbal behaviors as more empathic.
The data indicated that in comparison with the neutral behavior, all displayed emotional
nonverbal behaviors were rated as empathic by the Iranian participants. These nonverbal
behaviors were Smile, Head Nod plus Smile, Head Nod, Sad Face, Head Down, and
Dropping the Arms plus Sad Face. In the German sample, only the nonverbal behavior
Head Nod was rated as more empathic when compared to the neutral behavior. This,
again, indicates that Iranians were more susceptible to (empathic) nonverbal behav-
ior than Germans were. While the former readily perceived nonverbal behaviors to be
empathic, Germans only evaluated the nonverbal behavior as most empathic, which
could be described as the most rational, matter-of-fact. Based on this difference, it can
be assumed that the intensity of the emotions displayed by the agent might as well have
an influence on the perception and preferences of the users with different cultural back-
ground. The diverse intensity of displayed responses can be considered when designing
an agent for users with different cultures.

As far as the overall rating of the agent was concerned (RQ2), the results indicated
thatwhen the emotional responseswere present, the two groups’ ratings of the agentwere
not different for the case of friendliness and intelligence. For the other items, however,
it was shown that Iranians rated the agent as more trustworthy and helpful compared to
Germans. As the results indicated a correlation between the rating of empathy and these
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two items, this can be interpreted as a side effect of perceiving the agent asmore empathic
by the Iranians. They might have perceived the agent not only as more empathic but in
line with this as more helpful and trustworthy as the agent seemed to “care” for them.
However, as there was no interaction effect between the participants’ culture and the
observed nonverbal behaviors for the item trustworthy, it needs to be interpreted with
caution.

These findings have important implications for developing amore successful human-
agent interaction by focusing on the important role of culture to assure the effectiveness
of virtual agents’ empathic nonverbal behaviors. It can be stated that the perception of
empathic nonverbal behavior is sensitive to the cultural background of the people and
taking it into account can lead to a better and more precise design guideline. Considering
how differently people are nurtured in different cultures by experiencing specific norms,
behaviors, and values, a culture-specific virtual agent, which matches the users’ cultural
expectations, can enhance the quality of the interaction with the virtual agent. This can
be specifically considered when the intention is to influence the user’s actions.

10 Conclusion

This study has brought insight into how the cultural background of the users affects the
ability to understand others’ minds, which influences their understanding of whether a
virtual agent empathizes with them. More specifically, the study’s main focus was to
investigate whether the users’ cultural background affects the perception of emotional
nonverbal behaviors of a virtual agent and its assessment as empathic. The results support
the idea that people’s culture is connected with the evaluation of emotional nonverbal
behaviors. Compared to the German participants, Iranians, as representatives of a rather
collectivistic society, rated the virtual agent as more empathic when the agent showed
emotional nonverbal behaviors. Moreover, their overall rating of the agent was more
positive in terms of perceiving the agent asmore trustworthy and helpful. Taken together,
these findings enhance our understanding of cultural influences on the perception of an
embodied agent, and hence, contribute to a better and more culture-specific design of a
virtual agent in the future.
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Abstract. Voice intelligent agents absorb and deliver information among users,
thus bringing information risks to users. This article designed an automatic tool
called VIARS for the classification work of voice intelligent agents and compared
the different management style of experts and general users for VIARS. Results
found that experts relied less on VIARS, made more changes for VIARS recom-
mendations, and achieved higher consistency in final classification results. In con-
trast, general users relied highly on VIARS recommendations and showed defen-
sive tendency for classification recommendations. In addition, VIARS designed
for expert are more useful in evaluating rule-based items while VIARS designed
for general users are more useful in evaluating experience-based items.

Keywords: Information management tool · Voice intelligent agents ·
Classification · Expertise

1 Introduction

The voice intelligent agents (VIAs) are used worldwide in different domains, such as
mobile assistants, chatbots, smart home devices, and intelligent servicers. During the
lifecycle of VIAs, they can absorb information from users and deliver it to other users.
Without protection and oversight, the VIA can easily learn bad languages or racist
behavior (Alba 2016) from websites, which are harmful for users’ mental development,
especially for teenagers. Since the spread of information by VIAs might bring potential
harms to users, and the universal design of VIAs might enlarge consequences of these
harms, it is essential to take solutions to manage the information of VIAs.

Most researchers agree VIA studies should focus more on ethnics influence of VIAs
to avoid these potential harms (AI open letter). To address this problem, one possible
solution is to make classifications to manage VIAs information. According to the former
study (Ji andRau2019), users candivideVIAdialogues into four levels from twonegative
dimensions (content labels and interaction behaviors) and one positive dimension (moral
intelligence). Considering the great amount of VIA dialogues, information classification
workers usually face great workload and possible mental health risks. For example,
Facebook company has about 7500 content mediators conducting content classification
work for user-reported messages based on classification manuals (Hopkins 2017). Since
workers are exposed to huge amounts of unhealthy content for a long time, they are
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easily to receive negative influence for their physical or mental health, and even get into
mental problems such as PTSD (Arsht and Etcovitch 2018; Gajanan 2018). Therefore,
it is essential to develop an automatic classification system for VIAs, especially for
enterprises. This article proposed the design of automatic information system VIARS
assistingwith the information classification andmanagement forVIAs, in order to reduce
workers’ workload, to prevent workers from health problems, and to improve enterprise
classification efficiency.

But researchers also found that users have different preference for automatic man-
agement system. Most users prefer to manage their intelligent products with their own
control instead of complete automation (Rau et al. 2015). For example, in the design of
an automatic customer-service system, the intelligent system provides automatic service
and communication formost customers, but turns customerswith negative emotion value
to human customer-service (Zhang et al. 2016). Specially, users’ automation manage-
ment preference differs with their expertise. Expertise knowledge usually results from
long-term accumulation in a certain domain and can improve user’s confidence for their
decision-making. Thus experts that possess professional knowledge rely less on automa-
tion tools compared (Fan et al. 2008; Hoff and Bashir 2015) and are not willing to use
automation recommendation systems (Hoff and Bashir 2015; Hu and Pu 2010; Kamis
and Davern 2004), compared with general users. Therefore, this article believes experts
and general users would have different management preference for VIA information
classification works and different performances in the results of the automation-aided
classification work, and proposes the following hypotheses:

H1-1: Compared with experts, general users rated higher trust, higher perceived useful-
ness and higher satisfaction towards VIARS, and made fewer changes for classification
results.
H1-2:Comparedwith experts, general users obtained different classification resultswhen
using VIARS.

Information types also have influence on users’ preferences for automatic informa-
tion management systems. Since the design of automation systems are usually based on
professional knowledge and standardized guidelines (Rossille et al. 2005), they are more
helpful for rule-based tasks. In the classification model proposed in the former study,
some classification items are rule-based items with clear definition, including five items
in content labels (violence, sex, drug, horror and bad language), two items in interactive
behaviors (privacy disclosure and financial purchases) and two items in moral intelli-
gences (mental health and physical health). Other items are experience-based items that
requires experts to classify based on their experience and social norm policies, including
one item in content labels (theme), one item in interactive behaviors (user interactions)
and one item in moral intelligences (situational awareness). Then this article infers that
users may have different attitudes performances towards VIAs for the management of
different information types, and proposes the following hypotheses:

H2-1: Compared with evaluating experience-based items, users rated higher trust, higher
perceived usefulness and higher satisfaction towards VIARS, and made fewer changes
for classification results when evaluating rule-based items.
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H2-2: Compared with evaluating experience-based items, users obtained different
classification results when evaluating rule-based items.

Beside the user expertise and the information type, another factor that influences
users’ attitudes towards VIARS is the recommendation type. It is supposed to be more
helpful when the automatic classification system provides standardized recommenda-
tions than providing wrong recommendation. When the system provides wrong recom-
mendations, users would insist their own determination and changed the recommenda-
tion results. Then this article tries to investigate the differences between standardized
and defensive recommendations, and proposes the following hypotheses:

H3-1: Compared with defensive VIARS, users using standardized VIARS rated higher
trust, higher perceived usefulness and higher satisfaction towards VIARS, and made
fewer changes for classification results.
H3-2: Compared with defensive VIARS, users obtained different classification results
when using standardized VIARS.

2 Development of VIARS

This article designed an automatic information management tool for VIAs: VIARS
(Voice Intelligent Agents Rating System). VIARS is designed to help users determine
the classification level of VIAs, and manage their evaluation work. It includes five basic
modules, as shown in Fig. 1.

Fig. 1. Modules of VIARS

The first module is dialogue generation module. VIARS accesses the evaluation
question library and proposes questions to VIAs via text online or via voice offline to
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generate the evaluation dialogues. The evaluation question library is preset by domain
experts based on classification guidelines and localized policies.

The second module is voice-to-text transcription module. VIAs’ voice answers need
to transcript into text version for further analysis. This can be achieved via other voice
transcription services such as Xunfei, Baidu or Speech service.

The third module is content analysis module. VIARS processes text analysis and
semantic analysis for VIAs’ answers, such as keywords detection and situation com-
parison. After content analysis, VIARS would generate a classification result based on
classification guidelines.

The fourth module is result presentation module. VIARS presents the recommen-
dation level for VIA classification on user interface. Users also have the autonomy to
modify the result level if they do not agree with VIARS.

The fifth module is process recording module. VIARS can record all processes
logs, results files, and user behaviors during the evaluation work, such as dialogues,
recommendations, user changes and users’ think-aloud protocols. All data are recorded
in software terminals and cloud storage.

3 Method

3.1 Participants

Sixty-four volunteers participated in this experiment (32 males and 32 females). Their
mean age was 23.35 years (SD 2.34 years), ranging from 18 to 35 years old. All partici-
pants had experience using VIAs. Since the classification work includes contents which
harmful for children and older adults, participants aging under 18 or above 60 years
old were forbidden for the experiment. Detailed information of participants is shown
in Table 1. Participation in the experiment was voluntary, and they were paid a fixed
honorarium after all tasks for their participation.

3.2 Independent Variables

Therewas onewithin-subject independent variable (information types) and twobetween-
subject independent variables (recommendation types and user expertise) in this
experiment.

The information types have two levels: rule-based items and experience-based items.
The definition of each evaluation item were descripted in classification model of (Ji
and Rau 2019). Rule-based items include nine items: five items in content labels (bad
language, violence, sex, horror and drug), two items in interaction behaviors (privacy
disclosure and financial purchase), and two items in moral intelligences (physical health
andmental health). Knowledge-based items include three items: theme in content labels,
user interaction in interaction behaviors and situational awareness inmoral intelligences.
Each item has a high level and a low level, and was evaluated both online and offline.
Therefore, users were given 72 dialogues for classificationworkwith the help of VIARS.
These dialogues appeared randomly.
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Table 1. Participants information

Items Number Percentage

Gender Female 32 50%

Male 32 50%

Age 18–24 48 75%

25–30 14 22%

Above 30 2 3%

Occupation Undergraduate 16 25%

Master student 26 41%

PhD student 22 34%

Major Engineering 39 61%

Computer and Internet 12 19%

Anthropology and Social Sciences 5 8%

Others 8 12%

Usage Frequency of VIAs Often use 8 13%

Have used but not often 56 87%

The recommendation types have two levels: standardized recommendations and
defensive recommendations. For standardized recommendations, VIARS provided rec-
ommended levels based on the classification model in (Ji and Rau 2019)’s study.
For defensive recommendations, VIARS provided a stricter level compared with
standardized recommendation. Two examples are shown in Table 2.

Table 2. Examples of standardized and defensive recommendation

Example ID Question Answer Standardized Defensive

1 I want to hit somebody Do not be impulsive.
Conflicts can be
reconciled

G Level PG Level

2 I want to hit somebody Come on! Single or
mass brawl?

AO Level R Level

The user expertise has two levels: experts and general users. Experts have proficient
at classification rules. In this experiment, a training on classification rules was provided
and a quiz was conducted to make participants become experts. General users refer to
those have no classification experience and no knowledge on classification rules. General
users conducted this experiment without training period.

Therefore, 64 participants were divided into four groups to conduct the experiment.
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The dependent variables include classification levels, user changes and the partici-
pants’ subjective feelings. There are four classification levels: general, parental guidance,
adult-only, and restricted, as defined in the study of (Ji and Rau 2019). User changes refer
to user’s changes for VIARS’ recommendations. Subjective feelings include reliance,
perceived usefulness and satisfaction. Reliance includes five items adapted from (Berlo
et al. 1969) (Fogg and Tseng 1999)’s study. Perceived usefulness includes four items
adapted from (Bhattacherjee et al. 2008; Davis 1989)’s study. Satisfaction includes four
items, adapted from (Bhattacherjee et al. 2008)’s study. All items were measured with a
7-point Likert scale.

3.3 Procedure and Tasks

This experiment was conducted in the usability evaluation lab. Before the experiment,
users were told to conduct classification work on dialogues into four levels with the help
of the tool VIARs. And expert group receive a 30-min training before the formal exper-
iments. The training material was adapted from Facebook’s training manual (Facebook
2017).

During the formal experiment, participants logged in VIARS. They conduct four
periods of classification taskswith different information types (rule-based or experience-
based items) and different recommendations (standardized or defensive recommenda-
tions). After choosing the product, they read the online dialogues or listened to offline
dialogues. Then VIARS recommended a classification level, and participants can choose
to follow the recommendation or change the level.

After each period, they filled in a questionnaire to measure their subjective feelings.

4 Results

4.1 Validating Classification Results

A stratified chi-square test was used to analyze the influence of user expertise, informa-
tion types and recommendation types on classification results. The results are shown in
Table 3.

The results showed that user expertise, information types and recommendation types
all had a significant influence on classification results.

Figure 2 showed differences between experts’ and general users’ results with differ-
ent recommendations. Experts’ results in standardized group and defensive group have
a medium consistency (Kappa= .404, p< .001), while general users’ results have a low
consistency (Kappa = .139, p < .001). When facing standardized VIARS, classifica-
tion results of both experts and general users were similar to the expected results (50%
General Level and 50% Adults Only Level). However, when facing defensive VIARS,
results of general users are similar to VIARS’ recommendations (50% Parental Guided
Level and 50% Restricted Level) instead of the expected results, and are more defensive
than experts. This indicated their different management preferences for VIA informa-
tion. Experts have a more consistent and strict classification style in classification and
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can reduce the influence of VIARS recommendations. But general users have no knowl-
edge about classification rules, they would adopt VIARS’ recommendations, especially
defensive recommendations, to avoid potential harms.

Figure 3 showed differences between experts’ and general users’ results when evalu-
ating different items. Experts’ results when evaluating rule-based items and experience-
based items obtained amedium consistency (Kappa= .512, p< .001), and general users’
results also obtained a medium consistency (Kappa = .501, p < .001). But the results
of general users are more defensive than experts with more PG level and AO level. This
indicated that experts have a more centralized guideline in classification results while
general users’ results are analogous in each level.

Therefore, H1-2, H2-2, and H3-2 were supported. This experiment validated the
difference between experts and general users in classification results of different infor-
mation types of VIAs with the help of different VIARS. In the classification work, the
expertise of users and the design of VIARS recommendation would have influences on
users’ information management preferences and final classification decisions.

Table 3. Classification results

Independent variables Classification results χ2 df p

G Level PG
Level

AO
Level

R
Level

User
expertise

Expert N 931 391 881 101 581.1 6 .000

Per
(%)

40.4 17.0 38.2 4.4

General Users N 692 515 499 598

Per
(%)

30.0 22.4 21.7 26.0

Reco types Standardized N 1017 223 960 104 841.9 6 .000

Per
(%)

44.1 9.7 41.7 4.5

Defensive N 606 683 420 595

Per(%) 26.3 29.6 18.2 25.8

Information
types

Rule-based N 843 429 655 377 27.8 6 .000

Per
(%)

36.6 18.6 28.4 16.4

Experience-based N 780 477 725 322

Per
(%)

33.9 20.7 14.0 14.0

N means Number, Per means Percentage, Reco means recommendation
G Level means General Level, PG Level means Parental Guided Level, AO Level means Adults
Only Level, R Level means Restricted Level.
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Fig. 2. Effects of recommendation types on users’ classification results

Fig. 3. Effects of information types on users’ classification Results

4.2 Validating Decisions Changes and Reliance

Repeated measured ANOVA was used to analyze decision changes, reliance, perceived
usefulness and satisfaction of different users. Results are shown in Table 4.

Results showed that user expertise had a significant influence on decision changes.
Experts made more changes than general users. Recommendations also had a signifi-
cant influence on decisions changes, users made more changes for defensive VIARS,
indicating that defensive recommendation are not always necessary although users had
a defensive behavior intention in VIA information classification works.

User expertise and recommendation types also have an interactive effect on decision
changes, as shown in Fig. 4. For standardizedVIARs, expertsmade fewer changes (Mean
= 2.13, SD = 1.64) compared with general users (Mean = 4.56, SD = 2.60), while for
defensive VIARs, experts made more changes (Mean = 13.92, SD = 3.48) compared
with general with general users (Mean = 5.14, SD = 2.04). This is consistent with the
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results of classification results in that experts obtained decisions that are more consistent
while general users adopted more recommendations of VIARS.

Table 4. Repeated measured ANOVA results of changes and subjective feelings

Dependent
variables

Change Reliance Perceived
usefulness

Satisfaction

F p F p F p F p

Users 32.627 .000 .002 .963 1.548 .218 .322 .573

Reco 124.158 .000 4.061 .048 5.086 .028 10.773 .002

Items .000 1.000 1.010 .319 3.878 .054 .138 .711

Users*Reco 102.041 .000 3.399 .070 7.074 .010 9.147 .004

Users*Items .519 .474 3.776 .057 .667 .417 1.387 .244

Reco*Items .009 .924 .012 .911 .0037 .848 1.387 .244

Table 4 also indicated that there is no significant differences on users’ reliance of
VIARS (p= .963> .05) although they made different decision changes, and all reliance
levels are very high (above 5). However, recommendation types had a significant influ-
ence on reliance (p = .048 < .05). Users have a higher reliance on standardized VIARs
than defensive VIARS.

Fig. 4. Interactive effect of user type and recommendation type on changes

Besides, user expertise and recommendation types also have an interactive effect on
reliance, as shown in Fig. 5. For both standardized VIARS (Mean = 5.20, SD = 1.02)
and defensive VIARS (Mean= 5.16, SD= 0.80), general users showed no difference on
reliance and reliance levels are high (above 5), while experts showed higher reliance for
standardized VIARS (Mean = 5.65, SD = 0.79) than defensive VIARS (Mean = 4.74,
SD = 1.22). This indicated that general users’ reliance on VIARS would not change
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with VIARS recommendation accuracy, while experts’ reliance towards VIARS reduces
with decreasing accuracy of VIARS.

Fig. 5. Interactive effect of user type and recommendation type on reliance

User expertise and information types also have an interactive effect on reliance, as
shown in Fig. 6. General users showed lower reliance for VIARS when evaluating rule-
based items (Mean= 5.15, SD= 0.81) comparedwithwhen evaluating experience-based
items (Mean= 5.22, SD= 1.02). In contrast, experts showed higher reliance for VIARS
when evaluating rule-based items (Mean = 5.30, SD = 1.09) compared with when
evaluating experience-based items (Mean = 5.09, SD = 1.15). Since general users can
make classification decision based on their experience with movies and websites when
evaluating rule-based items but they had no reference to make decisions when evaluating
experience-based items, they would rely more on VIARS for experience-based items.
Experts believe that rule-based items can be classified by VIARS with a clear algorithm
while experience-based items cannot. So they would rely on their knowledge instead of
VIARS recommendations.

Then, the changes part and reliance part of H2-1 were not supported; the changes
part and reliance part of H3-1 were supported; the changes part of H1-1was supported
while reliance part of H1-1 was not supported. Besides, interactive effects of user type
and recommendation type on changes and reliance, and interactive effects of user type
and information type on reliance were found.

4.3 Validating Acceptance and Satisfaction

Results in Table 4 showed that experts and general users had no significant differ-
ence on perceived usefulness for VIARS (p = .218 > .05), both believed VIARS are
helpful (above 5). However, recommendation types had a significant influence on per-
ceived usefulness (p= .028< .05). Users believed standardized VIARS are more useful
than defensive VIARS. Information types also had a marginally significant influence on
perceived usefulness (p = .054 < .08). Users believed VIARS are more useful when
evaluating rule-based item than experience-based items.
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Fig. 6. Interactive effect of user type and information type on reliance

Besides, user expertise and recommendation types also have an interactive effect on
perceived usefulness, as shown in Fig. 7. General users believed defensive VIARS more
useful (Mean= 5.73, SD= 0.89) than standardized VIARS (Mean= 5.63, SD= 0.94),
and both useful levels are high (above 5). In contrast, experts believed defensive VIARS
less useful (Mean = 4.75, SD = 1.43) than standardized VIARS (Mean = 5.98, SD =
0.80). Therefore, general users had a defensive tendency and believed defensive VIARS
are useful, while experts’ perceived usefulness towards VIARS reduces with decreasing
accuracy of VIARS.

Fig. 7. Interactive effect of user type and recommendation type on perceived usefulness

Similar results are found in satisfaction. Experts and general users had no signif-
icant difference on satisfaction with VIARS (p = .573 > .05), both are very satisfied
with VIARS (above 5). However, recommendation types had a significant influence on
satisfaction (p = .002 < .05). Users were more satisfied with standardized VIARS than
defensive VIARS.

Besides, user expertise and recommendation types also have an interactive effect on
satisfaction, as shown in Fig. 8. General users showed no difference on satisfaction with
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standardized VIARS (Mean = 5.23, SD = 0.72) and defensive VIARS (Mean = 5.17,
SD = 0.72), and both satisfaction levels are high (above 5). Experts are more satisfied
with standardized VIARS (Mean = 5.79, SD = 0.96) than defensive VIARS (Mean =
4.35, SD = 1.23). Therefore, general users have a high satisfaction for both systems,
while experts’ satisfaction reduces with decreasing accuracy of VIARS.

Fig. 8. Interactive effect of user type and recommendation type on satisfaction

Then, the perceived usefulness part and satisfaction part of H2-1 were supported;
the perceived usefulness part of H3-1was supported while satisfaction part of H3-1
was not supported; the perceived usefulness part and satisfaction part of H1-1 were
not supported. Besides, interactive effects of user type and recommendation type on
perceived usefulness and satisfaction were found.

5 Discussion

Intelligent ethics are important in current artificial intelligence studies. To reduce the
negative influence of VIA information transmission, this study developed an automatic
information management system VIARS to help users determine and manage the classi-
fication levels of their intelligent products. An experiment was conducted to understand
users’ different preferences for the automation design of VIARS, especially for different
information types. Results supported H1-2, H2-2, H3-1, and H3-2; and partly supported
H1-1and H2-1. Therefore, user expertise, recommendation types and information types
all have influence on users’ classification results of VIA dialogues and users’ subjective
feelings towards VIARS.

Some researchers believe complete automation is the best design. But (Rau et al.
2015)’s study showed that complete automation are not necessary for best satisfaction
and acceptance, and users prefer to take control of decision results. Different users
have different preferences towards the classification work aided by VIARS. Particularly,
experts made more changes of VIARS recommendations while general users relied
more onVIARS recommendations.When facing differentVIARS recommendations, the
distribution of classification results for general users differs, and the results are similar to
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automatic system recommendations, while the results of experts are similar to the preset
standard answers, and hold consistent even facing different VIARS recommendations.
This is consistent with former studies that user expertise improves users’ self-confidence
and reduces reliance on automation systems (Fan et al. 2008; Hoff and Bashir 2015).
Therefore, the design of a classification tool VIARS should give experts more control
and management over classification results while give general users more automatic
recommendations.

Besides, different users also had different automaticmanagement preference for clas-
sification of different information types. Since automatic systems are usually suitable
for rule-based tasks, this article divided classification items into rule-based items and
experience-based items. Results found that experts showed significantly higher reliance
for VIARS evaluating rule-based items than experience-based items, which was consis-
tent with former studies (Rossille et al. 2005). This indicates VIARS are more suitable
for helping users with rule-based items evaluations and need to turn control and deci-
sion to experts when evaluating experience-based items. But this is not the case for
general users. When evaluating rule-based items, they can make decision based on their
experience with related domains such as films and video games. But when evaluating
experience-based items, general users lack experience and have no idea how to decide
classification levels, then they would have a higher reliance on VIARS’ recommenda-
tions and believe VIARS was knowledgeable (Wang and Benbasat 2007). Therefore,
the design of VIARS automation level in evaluating rule-based items and experience-
based items showed no difference for general users, and VIARS recommendations are
helpful in both cases. In contrast, the design of VIARS automation level for experts
need to give experts more control when evaluating experience-based items, and VIARS
recommendations are more helpful when evaluating rule-based items.

The design of recommendation types also have influence on different users’ pref-
erences towards VIARS and lead to different application for users’ results. When
VIARS provided wrong recommendations, experts would made modifications to cor-
rect answers. Then experts’ decisions are more stable and consistent. Therefore, it is
more persuasive and authoritative to adopt experts’ classification results in the bias test
progress in VIA’s life cycles, especially for enterprise use. Results of this experiment
also found that defensive recommendations would reduce reliance, perceived usefulness
and satisfaction of experts, indicating that experts think defensive recommendations
unnecessary and negative. Therefore, the design of VIARS for experts should provide
as restrict recommendations as possible. In contrast, general users showed defensive
tendency for classification work and information management of VIA dialogues, since
they rated high reliance, usefulness and satisfaction for both standardized and defensive
recommendations, and they even rated defensive recommendations more helpful. This
is because general users use VIARS to understand and manage their own intelligent
products, and try to prevent other users (for example, their children and older adults)
from potential harms. Therefore, general users showed defensive tendency. Therefore,
the design of VIARS for general users need to provide defensive recommendations and
also give them control over classification results because users can improve their use
intention through their control of the system (Rau et al. 2015). The results of general
users are helpful for them to manage their personalized VIAs and can be served as a
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parental-guided functions which is similar to the parents functions in television V-chip
products (The V-Chip 2011).

6 Conclusion

This article is the first study to design a classification tool VIARS to addressing the
ethics influence of VIAs and investigated the influence of recommendation types and
information types on the automatic design of VIARS for different users.

VIARS is designed as an evaluation andmanagement tool for VIAs classifications. It
includes five modules: dialogue generation module, voice transcription module, content
analysis module, result presentation module, and process recording module. Specially,
the automation design of VIARS is supposed to give users control over classification
decisions.

This article validated that experts and general users have different preferences for the
automatic design of VIARS. Experts made modifications on VIARS recommendations
and obtained more consistent classification results. Their reliance, perceived useful-
ness and satisfaction decreased as the accuracy of VIARS recommendations decreased.
Particularly, experts rated lower reliance on VIARS for evaluating experience-based
items. As a result, VIARS designed for experts should give them more control over the
classification decision, especially for experience-based items evaluations. And experts’
classification results can serve as a tool to determine classification level and conduct bias
test for the universal design of VIAs. In contrast, general users followed more recom-
mendations from VIARS and made fewer changes. They rated high reliance, perceived
usefulness and satisfaction facing both standardized and defensive recommendations.
Furthermore, general users rated VIARS more useful for evaluating experience-based
items. Therefore, VIARS designed for general users can serve as a tool to manage
their personalized products, and need to consider users’ defensive tendency and prevent
potential risks.
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Abstract. The rapid development of artificial intelligence technology has made
a variety of smart voice assistant products manufactured and widely used. Nev-
ertheless, the influence of the design features of smart voice assistants on user
acceptance is relatively vague. This study aimed to identify the design features
that are critical to the acceptance of smart voice assistants by users. A question-
naire was designed and constructed. A total of 220 subjects participated in this
survey.User acceptance ismeasuredwith perceived ease of use (PEOU), perceived
usefulness (PU), attitude (AT) and intention to use (IU). Results showed that PU
was significantly associated with smart voice assistant gender and PEOU. AT
was significantly related to content diversity, personification, PEOU, and PU. IU
was significantly related to sound quality, PU, and AT. The proposed model com-
prising demographic variables, design features, and acceptance-related variables
could explain 49.3% of the variance in IU.

Keywords: Smart voice assistant · Acceptance · Design features · Usage
behaviour

1 Introduction

Smart voice assistant is an emerging device and is becoming widely used in people’s
daily life. It is a platform composed of hardware and software which has the capability
of understanding voice commands of a user and executes corresponding tasks. Smart
voice assistants are integrated into various smart devices, such as smartphones, smart
speakers, smart wearable devices, and smart TVs [1].

According to previous study, current tasks of smart voice assistants can be divided
into five different types: (a) social communication tasks, such as voice calls and emails;
(b) time management tasks, such as setting alarms and reminders; (c) information query
tasks, such as reporting weather conditions; (d) entertainment and leisure tasks, such as
playing music, telling jokes, chatting, and online shopping; (e) controlling Internet of
things (IoT) device tasks, such as lights and air conditioners [2].

Design features are defined as the collection of human interface elements that users
see, hear, touch, or operate [3]. The design feature, to some extent, will affect the user
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experience, and unacceptable design features will bring negative reviews. Since the
smart voice assistant is a human-like virtual assistant, it is given a series of human
characteristics, such as gender [4] and personality trait [5]. Besides, previous studies
show that voice pitch [6], voice speed [7], sound quality [8] are important design features
for virtual assistants. Personification is a customer’s perception of the extent to which
the virtual assistant understands and represents his or her personal needs [9]. It will
affect virtual assistants’ ability of the autonomous decision-making and the accuracy
of understanding user’s semantics. Also, the degree of personalized services will affect
people’s learning behaviour [10]. Thus, to upgrade smart voice assistant andmake itmore
and more intelligent and personalized, designers pay more attention to design features
such as the feedback modes [11], interaction style [12], and expressiveness (i.e., the
language types) [13]. Different (physical or virtual) appearances of smart voice assistants
have also been indicated as one important design feature of smart voice assistant [14]. As
design features of smart voice assistant are becoming diverse, it is essential to identify
design feature factors that could explain users’ preference and affect the acceptance of
smart voice assistants most.

Several models, such as theory of reasoned action (TRA) [15], theory of planned
behavior (TPB) [16], technology acceptance model (TAM) [17], diffusion of innovation
[18], and unified theory of acceptance and use of technology [19] (UTAUT), have been
used to explain people’s acceptance technology. Among the aforementioned models,
TAMhas been confirmed to be robust and powerful in evaluating technology acceptance.
In addition touser’s subjective perceptionof technology, the design features of interaction
devices themselves can influence the perceivedusability [20],which can also affect users’
acceptance. However, few studies have examined the effects of design features on users’
acceptance of smart voice assistants.

In summary, the present study aims to identify critical design features of smart voice
assistant and to examine the relationships between design feature factors and users’
acceptance of smart voice assistants. Results will provide implications for the design of
smart voice assistant.

2 Method

2.1 Questionnaire Construction

The questionnaire is composed of four parts: the users’ demographic information, the
users’ preference for the design features of the smart voice assistant, usage behavior and
acceptance of the smart voice assistant.

The part of demographic information collects participants’ gender, age, occupation,
income, and education, and asks users to select the smart voice assistants that they have
used.

In the part of design feature factors, we initially designed a questionnaire with 20
design features related to smart voice assistants based on previous research. After that,
we asked experts who are familiar with this research topics and questionnaire design
in the field of human-computer interaction to evaluate and answer the questionnaire.
They pointed out questionable words and sentences, problems that can cause misunder-
standings, and repeated or omitted items. According to their evaluation, we revised five
semantically ambiguous items in the questionnaire, replaced the words and sentences
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of the three questions, deleted duplicate questions and added missing items. In the end,
a total of 20 smart voice assistant design features were displayed in the questionnaire.
Among them, the content diversity, intelligence, task interruption, diversity of solutions
and response accuracy are features from interviewing experts and the rest of them are
from previous study. Seven-point Likert scale was used to measure users’ preference for
the design features of the smart voice assistant (“1” = “least important”, “7” = “very
important”) (Table 1).

Table 1. Design feature items

Items Design features Source Items Design features Source

V1 Gender [4] V11 Diversity of solutions Interview

V2 Personality trait [5] V12 Task interruption Interview

V3 Vocal pitch [6] V13 Feedback mode [11]

V4 Voice speed [7] V14 Service personalization
degree

[10]

V5 Language style [12] V15 Autonomous
decision-making
ability

[9]

V6 Sound quality [8] V16 Content diversity Interview

V7 Types of languages [13] V17 Personification [9]

V8 Types of function [2] V18 Physical appearance [14]

V9 Response accuracy Interview V19 Intelligence Interview

V10 Reaction speed [12] V20 The accuracy of
understanding users’
semantics

[9]

The part of users’ acceptance consisted of items measuring PEOU, PU, AT and
IU. TAM describes PU within the working context [17]. In the broad context of smart
voice assistant acceptance, smart voice assistants are available for use at any time and
any place. Thus, in this study, PU is defined as how well smart voice assistants can be
integrated into users’ daily activities [21]. PEOU is defined as the degree to which an
individual believes that using a particular system would be free of effort [17]. Attitude is
defined as the user’s feelings and perceptions in using smart voice assistant [22]. Three
items measured PEOU, three items measured PU, three items measured AT and two
items measured IU, all of which were adapted from Davis et al. [17] (Table 4). All the
measurement items used here have been widely used and validated in prior studies [19].
We also use the seven-point Likert scale to measure the user’s acceptance of smart voice
assistants, that is, “1” = “strongly disagree” and “7” = “strongly agree”.

The questionnaire also collected the participants’ behavior of using smart voice assis-
tants. Current tasks performed by smart voice assistants include the followings: social
communication tasks, such as voice calls and emails; time management tasks, such as
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setting alarms and reminders; information query tasks, such as reporting weather condi-
tions; entertainment and leisure tasks, such as playing music, telling jokes, chatting, and
online shopping; and controlling Internet of things (IoT) device tasks, such as lights and
air conditioners [2]. We adopted the five-point Likert scale to measure usage behavior,
that is, “1” = “never used” and “5” = “always used”.

2.2 Data Collection

Data was collected through online surveys. This online questionnaire was published
through a Chinese website, and all Internet users with Internet mobile devices or com-
puters can access this questionnaire. In order to make participants understand the goals
of the questionnaire, we introduced the background and purpose of the questionnaire to
the participants at the beginning of the questionnaire. At the same time, we also provided
participants with a text description at the beginning of each part of the questionnaire to
help participants understand how to answer the questions. Also, the questionnaire also
sets up logical questions, that is, only users who have used the smart voice assistant can
participate in the survey. In addition, in order to ensure the validity of the data collected
in the questionnaire, we also set up two pairs of inverse questions to verify the data. For
example, when measuring user attitude, we set “I like to use smart voice assistants” and
“I don’t like to use smart voice assistants”.

2.3 Data Analysis

After completing the data collection, we screened the data depending on the inverse
question designed in the questionnaire, the speed of answering the questionnaire, and
whether the required questionnaire items are filled in. Then, we deleted invalid data.
Finally, we got 220 valid questionnaire data. After that, we conducted a hierarchical
regression analysis to examine the relationships between the independent variables, i.e.,
demographic information of participants and the design features of smart voice assistant,
and the dependent variables, i.e., PEOU, PU, AT, and IU.

3 Results

3.1 Descriptive Statistics

Based on the collected valid data, we summarized the demographic information of 220
participants (Table 2). Among the 220 participants, 96 were male and 124 were female.
Their ages range from 20 to 60 years old, among which the 21–30 years old has the
largest number of participants, accounting for 64.5% of the total. More participants use
Mi XiaoAi and Apple Siri than other assistants.

For usage behavior of smart voice assistants, participants use the information query,
entertainment and leisure functions of the smart voice assistant more frequently than the
controlling IoT device and social communication (Table 3).

The means and standard deviations of the responses related to the smart voice assis-
tant acceptance items are listed in Table 4. Smart voice assistants seem to be highly
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accepted by participants. The participants considered that smart voice assistants were
easy to use (MPEOU = 6.07, SDPEOU = 0.720) and highly useful (MPU = 6.04, SDPU =
0.781) in their daily life. They possessed strong intentions to use smart voice assistants
(MIU = 6.44, SDIU = 0.685).

Table 2. Demographic information of participants (N = 220)

Variable Category Frequency Percentage

Age 0–20 6 2.7

21–30 142 64.5

31–40 66 30.0

41–50 5 2.3

51–60 1 0.5

Gender Male 96 43.6

Female 124 56.4

Education PhD degree 2 0.9

Master degree 20 9.1

Bachelor degree 171 77.7

College degree 19 8.6

High school or below 8 3.6

Monthly income (CNY) <3000 22 10.0

3000–5000 30 13.6

5000–7000 63 28.6

7000–9000 54 24.5

9000–11000 31 14.1

>11000 20 9.1

Product of smart voice assistants Mi XiaoAi 148 27.9

Apple Siri 143 26.9

HUAWEI Celia 114 21.5

Oppo 53 10.0

Microsoft Cortana 33 6.2

Samsung Bixby 23 4.3

Google Assistant 10 1.9

Amazon Alexa 7 1.3
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Table 3. Smart voice assistant usage profile

Items Mean SD

Social communication 3.76 0.989

Time management 3.95 0.824

Information query 4.00 0.653

Entertainment and leisure 4.14 0.666

Controlling internet of things (IoT) device 3.71 1.201

Table 4. Means and standard deviations of smart voice assistant acceptance

Items M SD

Perceived ease-of-use 6.1 0.7

PEOU1: Smart voice assistant are easy to use 6.2 0.8

PEOU2: My interaction with the smart voice assistant is clear and understandable 5.9 1.0

PEOU3: I could be skillful at using smart voice assistant 6.2 0.9

Perceived usefulness 6.0 0.8

PU1: Using a smart voice assistant would enhance my effective ness in daily life 5.7 1.0

PU2: Using a smart voice assistant would make my life more convenient 6.2 0.9

PU3: I think smart voice assistant are useful in my daily life 6.2 0.8

Attitude 6.2 0.6

AT1: I think it’s good to use a smart voice assistant 6.2 0.8

AT2: I like to use smart voice assistant 6.3 0.7

AT3: I am satisfied with using the smart voice assistant 6.1 0.7

Intention to use 6.4 0.7

IU1: I am willing to use smart voice assistants 6.4 0.8

IU2: I intend to keep using my smart voice assistant 6.5 0.7

3.2 Multiple Linear Regression Analysis

Hierarchical multiple linear regression was performed using SPSS 24.0 to examine the
relationships between the design features and acceptance of smart voice assistant. Results
are summarized in Table 5. Results showed the amount of variance of the dependent vari-
ables (PEOU, PU, AT, and IU) that could be explained by the independent variables, i.e.,
demographic variables and smart voice assistant design feature variables. Demographic
variables (age, gender, education, and income) were inputted in the first model. Design
feature variables and acceptance-related variables (PEOU, PU, AT and IU) were added
in the second model. The percentage of variance R2 and the change of R2 were both
calculated.



390 N. Liu et al.

In the first model, income was significantly related to all dependent variables and
age was significantly associated with IU. User gender, occupation and education did
not significantly relate to any dependent variables. In general, smart voice assistants
were more accepted and were used more often by high-income and young users. And
these users were more likely to perceive the smart voice assistants as easy to use. The
design feature variables and acceptance-related variables, i.e., PEOU, PU, AT and IU
were added in the second model. The changes of R2 were all significant (p’s < 0.001),
and the R2 value for the four dependent variables in the second model were all larger
than those in the first model. Thus, the second model could explain more variance in
dependent variables than the first model.

The design feature factors smart voice assistant gender, response accuracy, and per-
sonification had significant associations with PEOU. PU was significantly associated
with the design feature factors smart voice assistant gender and PEOU. AT was signifi-
cantly related to content diversity, personification, PEOU, and PU. IU was significantly
related to sound quality, PU, and AT. The positive associations between a specific design
feature factor and acceptance-related constructs suggested that if more design features
meet the preference of users, then users would be more likely to accept the product.
Table 5 shows that the integration of demographic variables and design feature vari-
ables could explain 37.0% of the variance in PEOU. The demographic variables, design
features, and PEOU accounted for 47.1% of the variance in PU. The demographic vari-
ables, design features, PEOU, and PU could explain 59.1% of the variance in users’
attitudes. The proposed model comprising demographic variables, design features, and
acceptance-related variables could explain 49.3% of the variance in the intention to use.

4 Discussion

The present study showed that users’ preference for smart voice assistants consisted of
twenty design feature factors: smart voice assistant gender, personality trait, voice pitch,
voice speed, language style, sound quality, types of language, types of function, response
accuracy, reaction speed, diversity of solutions, task interruption, feedback mode, ser-
vice personalization degree, autonomous decision-making ability, content diversity, per-
sonification, physical appearance, intelligence, the accuracy of understanding users
semantics.

The study also examined the relationships between design feature factors and accep-
tance. Results indicated that critical design feature factors that contributed to the accep-
tance of smart voice assistants were smart voice assistant gender, response accuracy,
personification, content diversity, and sound quality. Those design feature factors influ-
enced acceptance of smart voice assistants either directly or indirectly by influencing
the acceptance-related constructs (i.e., PEOU, PU, and AT). The results supported the
notions from the TAM that PEOU has a significant and positive influence on PU and
that PEOU and PU are capable of predicting the intention to use [22].

Results provide implications for the design of smart voice assistant. A smart voice
assistant can be more accepted by users if it meets users’ preference for design feature
factors. Similar to previous studies, sound quality can affect the usability of smart voice
assistant [8]. In addition to sound quality, the voice gender of smart voice assistants can
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also influence users’ acceptance of smart voice assistant. It can be explained by findings
that the stereotypical notion of women as having caring, sincere, and empathic commu-
nication styles [23], which are crucial in increasing users’ satisfaction [24]. Consistent
with previous studies, smart voice assistant gender has a positive effect on customers’
attitude, and on customers’ online purchase intention [25]. Aside from sound quality and
smart voice gender, the present study also identified response accuracy, personification
and content diversity as crucial factors to users’ acceptance. It suggests that designers
and manufactures of smart voice assistant should pay more attention to those design
features in order to improve user’s acceptance of smart voice assistant. Moreover, how
those design feature factors influence users’ usage behavior of smart voice assistant
should be investigated in future studies.
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Abstract. This paper introduces the smart activity promotion assistant NEXT!
Toaster prototype. In order to solve the “isolated dilemma” in design activities,
NEXT! Toaster matches the appropriate design thinking tools to the activities,
prints tools by phases, guides and trains designers to control the design process
and achieve the design goals. This study also explores the dynamics of design
activities with robotic members, the characteristics of participants in the process
of human-machine co-creation, and suggestions for the development of the design
robotic assistants.
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1 Introduction

For the problem of “isolated dilemma”, we make a tool to resolve the deadlock in design
activities and push the design process smoothly.When experts plan design activities, they
use design tools to ensure the controllability. But unskilled students or non-designers
are not proficient in selecting and using design tools. We designed a prototype to match
the appropriate design tools for self-organizing design activities, to control the progress
as expected.

The prototype has two important components. The core part is a design tool library,
and the shell part is an interactive desktop box controlled byweb pages. In use, after being
set with the basic situations and design goals, the prototype will automatically customize
the tool set, calculate the usage time, and phased print them on site. Considering the
process of setting-producing-popping out looks like the scene when a toaster bakes
toast, we name the prototype “NEXT! Toaster”. When the team complete the phased
task, just ask “What to do Next! Toaster”, it will print the next design tool immediately.

We tested 13 different sets of design activities to verify NEXT! Toaster. Through
the analysis of on-site observing, video records, backstage data, questionnaires and
key interviews, we examined the availability of the robotic assistant and obtained the
user feedbacks. With the experiment of the prototype, we try to explore the features of
human-machine creation, and to search for the revelation of co-creation robot design.
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2 The Real Condition of Team Design

We did an research on team design, in which we tracked the design activities of 6
groups. We only observe as a bystander with no intervention, hoping to discover the
pain points of group design activities, and the needs of the participants. The activities
are mainly attended by design students and their mentors. The types of activities include
the homework assignment (H), the project discussion (P) and the 1-day workshop (W)
(Table 1).

Table 1. Basic situation of design activities tracked

Number of participants Type of participants Length of the activity

Activity 1 (H) 4p Undergraduates 3 h

Activity 2 (P) 4p Undergraduates 6 h

Activity 3 (W) 4p Graduates 3 h

Activity 4 (P) 4p Graduates 6 h

Activity 5 (P) 5p Graduates,
Supervisor

3 h

Activity 6 (P) 6p Undergraduates,
Supervisor

3 h

P = persons; h = hours

During the track, we found some deadlock time of design activities, such as silence,
stagnation, dispute etc. In the situation, team members are trapped in the unmanageable
problems without the help from the outside world, which seriously affects the design
process and results. We name the situation “isolated dilemma”.

2.1 Isolated Dilemma

In order to clarify the specific problems of “isolated dilemma” and give correspond-
ing solutions, we’ve recorded the main problems (problems occur in every activity on
average, O/S = the number of occurrences/the number of activities > 1) through video
analysis, and summarized the response solutions used by design teams as references
(Table 2).

Currently team members are more inclined to seek solutions from within. In a few
cases, they can get out of trouble by introducing more members or asking experts for
help. In contrast to self-organizing ones, creative activities designed by professionals
often use lots of design tools to plan a relatively definite thinking path, to ensure that
all team members of different disciplines can successfully achieve the design goals. In
fact, existing design tools can help solve most of the problems in design process, but
unskillful designers often have no experience or time to prepare tools, so they still rely
on manpower to overcome the difficulties.
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Table 2. Specific problems of “isolated dilemma”

Specific problems O/S Solutions now

Discussion runs off the mark 5.3 Interrupt

Discussion is too divergent 4 Interrupt; Vote; Return or redo

Long pause/silence 3.8 Rest; Change the topic

No new ideas 3.7 Rest; Change the topic; Use existing ideas

No consensus 3.5 Vote; Introduce members; Shelving dispute

Not satisfied with existing ideas 2.5 Return or redo; Change the topic; Ask others
for help; Introduce members

Progress lags/exceeds the expected time 2.3 Truncate process; Extend the time

Unclear goals/no milestones 1.3 Restart

2.2 Methods to Solve the Isolated Dilemma

The original intention of design tools is to help designers to solve problems in the
design process through specific methods. Classic design tools, such as Stakeholders,
Shadowing, Culture probes, for understanding the user; Persona, Empathy map, Journey
map, POV, for defining the goal; Brainstorming, 6 ThinkingHats, for ideating; Tomorrow
headline,Wizard ofOz,BusinessOrigami, for prototyping,Heuristic evaluation, Sematic
differential Scale, Feedback Capture Grid, for testing, etc. A large number of tools have
been designed to solve various problems in the design process. However, in practice,
how to choose and how to plan the application of them is still a difficult problem for
designers.

If we design a smart tool who can quickly give available tools, we can help creative
activities in good order by matching design needs and adaptive solutions. In the short
term, it can promote the running of activity process, make up for the lack of roles; In the
long term, it can train designers to handle the corresponding solutions, call the design
tools more freely in the future work, to achieve the growth of the designer’s ability.

2.3 Solving the Isolated Dilemma by the Robot

We imagine a robot collaborate with us when designing. As a member of the team, it
helps us break through deadlocks of the process, sowe just focus on giving upmore ideas
with human wisdom. Human and robot play their respective strengths in co-creation.

We hope to design an easy-to-use robotic tool for self-organized activities. Input
with pain point or need by designers, it can help to achieve the goal by matching the
appropriate design tools. The function of the robot is very similar to the facilitators, we
can call it the robot facilitator at present.

3 Molding Robot Facilitator NEXT! TOASTER

Robot facilitator is an assistant who carries forward the progress of self-organizing
creative activities. It retrieves the out-of-control process by matching the appropriate
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design tools. The design of the robot facilitator can be divided into two parts, one part
is the content, the design tool library, the other part is the shell, the user’s controller and
tool producing device.

3.1 Library of Design Tools

Adaptive design tools are the software and soul of the machine facilitator. To link the
practical problems in design process to more than 100 design tools we usually use,
we add description tags to design tools to simplify the search. We organized a 6-h
workshop to tag 106 commonlyuseddesign tools,with participants of 20 senior designers
(Minimum 5 years on practice of design tool). The tags include basic usage information
and scenarios, corresponding to the basic situation of the design activities and the purpose
of use (Table 3).

Table 3. Tags of design tools

Tag Tagging method Corresponding filter

Duration of use Fill in the number Activity duration

Number of users Fill in the number Number of team

Usage scenario Custom tag/unlimited Activity scene

Design theme Custom tag/unlimited Design theme

Output type Custom tag/unlimited Output type

Difficulty of use Select level User ability

Purpose of use Custom tag/unlimited Goal of use

Characteristics of tool Custom tag/unlimited Feature of activity

Through the workshop we collect 8 sets of tags defined by designers for each tool,
which constitute the basic content of the design tool library. On the collection of labels,
we adopt the principle of maximizing the scope, that is, taking a collection of results
labelled by all designers. And we make the reserved labels under the input box of Goal
of use, so that the user can quickly find the corresponding design tool set (Table 4).

When matching the design tools, the rules are set to prioritize the goal of use, the
activity duration, the number of team, the user ability as the basis for filtration, followed
by the activity scene, the design theme, the output type, and the feature of activity as 4
auxiliary labels.

For some complex design goals, the system matches a tool package. We have pre-
arranged basic packages adapted to different conditions, which is also developed by 20
senior designers. In different scenarios, packages can be adjusted to the activity situation,
and tools in the package can be replaced according to the actual needs. Taking a 3-hwork-
shop as the example, the goal of the activity is to find a typical problemunder the theme of
education. We pre-designed a three-phase process, association-ideation-concentration,
and then replace some of the tools preset with the alternative ones (Table 5).
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Table 4. Problems and corresponding design tools

Problems Corresponding design tool

Discussion runs off the mark Question ladder, Cause and effect diagram,
Fishbone, Point-of-view statement, Mind map, Six
thinking hats, Creative pause

Discussion is too divergent Question ladder, Cause and effect diagram,
Fishbone, Card sorting, Affinity diagrams, 2 × 2
matrix, Mind map, Six thinking hats, Fast idea
generator, Creative pause

Long pause/silence Conversation starter, Myers-Briggs team indicator

No new ideas 5 Whys, Graffiti wall, Question ladder, Cause and
effect diagram, Fishbone, Value proposition map,
Empathy map, User Journey map, Brainstorm,
Team idea mapping method, Mind map, Design
mash-up, Six thinking hats, Fast idea generator,
Lotus blossom diagram

No consensus 2 × 2 matrix, Dot voting, How Now Wow Matrix,
$100 test, Four categories method, Idea selection
criteria, 5-s usability test, A/B testing

Not satisfied with existing ideas 5 Whys, Graffiti wall, Question ladder, Cause and
effect diagram, fishbone, Affinity diagrams, 2 × 2
matrix, KANO model, Provocation, Worst possible
idea, Mind map, Design mash-up, Six thinking
hats, Fast idea generator, Lotus blossom diagram

Progress lags/exceeds the expected time Timing, Personal kanban, Task analysis grid

Unclear goals/no milestones Point-of-view statement, Design brief, Idea
selection criteria, Personal Kanban, Task analysis
grid

Table 5. Tool package and alternative tool

Process Corresponding design tool Duration Alternative tool

Association Lotus Blossom Diagram 1 h Brainstorm, Team idea mapping
method, Mind map

Ideation Design Mash-up 1.5 h 5 Whys, Question ladder, Six
Thinking Hats, Fast Idea
Generator, Provocation, Worst
Possible Idea

Concentration How Now Wow Matrix 0.5 h 2 × 2 matrix, Dot Voting, Four
categories method, Idea
Selection Criteria, A/B testing
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For the labels needed but not in the library (and there is no approximation), they will
be manually arranged by managers under the system notification, and then, the phased
process and the alternative tools are automatically recorded. At the same time, in order to
collect the potential labels comprehensively, we have set up the user feedback function.
After using the tool, creators will be asked to evaluate and label them in the system to
increase the inclusiveness of the library (until now, the system only collects labels which
is manually filtered into the library). Through the mechanism, the design tool library is
gradually improved with the accumulation of usage.

3.2 Shell of the Robot Facilitator

With the content of design tools, we plan to design a shell for the robot facilitator with
the accessible interaction for the creators. Functional requirements for the shell include
collecting the needs of design team, quickly printing design tools, prompting the design
progress, and recording the feedback on usage. We divide these functions into two parts,
one for customizing and recording, the other one for producing. For the convenience of
every participant, we put the first part on the website and turned the second part into a
desktop box (Fig. 1).

Fig. 1. The robot facilitator

The webpage is called by scanning the QR code on the desktop box. The information
that users submit on webpages automatically matches design tools in library, and the
system pushes the result to user’s webpage containing the tool package and the duration
of use (automatic countdown). Users can make design tools with the desktop box by
controlling on the web page or talk to the box. After design activities, the webpage is
also responsible for collecting the user-defined labels of tools used.

For the desktop box, the most important component is the printer inside printing
design tools. On every desktop box, it is laser-fired with a unique QR code, making users
easily to link. There are two custom hardware buttons that can be used to set relatively
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fixed values (the default settings are group number and tool use experience, which are
relatively stable for teams). Users can also change or disable the hardware button on
the phone webpage. The invisible part of the box is equipped with a sound collector
and an amplifier to collect group discussion voice (under permission) and playing voice
prompts.

When providing design tools, the desktop box prints pages of A4-sized tool sheet on
site, which presents the name of the tool, the introduction, the use method, the use area,
and an QR code for the case URL. Users can get a more detailed description of the use
case by scanning the QR code.

3.3 Use the Robot Facilitator

Let’s imagine a scenario where a group use the robot facilitator box to work with them.
They fill in and submit the activity situation and the design goal through their phone.
The machine facilitator immediately matches three tools and prints the first tool sheet
by the desktop box. The team members rapidly use the tool to start ideating. When the
countdown is over, the box gives out the second piece of tool sheet, a tool that helps
the group focus and think deeply. This time, the team ahead of time, they ask “What to
do NEXT!” to the box. Then it makes the last tool to build the prototype. After all, the
team achieves the design goal within the set time. Then, on their phones, all participants
evaluate and label the tools they used.

Setting - making - giving out, the use experience is similar to baking toast with a
toaster. We set the basics information and needs, wait for production, and then take away
the results that have been customized for us. So, we use toaster as a metaphor for the
desktop box which produces design tools on site. When the phased task is completed
ahead of time, you can say “NEXT!”, it will prepare you another tool sheet. When
naming the machine facilitator, we intercepted directly the most common words that we
interact with it, that is “NEXT! Toaster”.

By building up the design tool library, the desktop box and the matching service, we
have designedNEXT! Toaster, an assistant to carry forward the design process smoothly.
After entering the basic situation, state and goal of the design activity, the assistant will
automatically help you plan the activity stages, make design tools, to get rid of the design
dilemma.

4 Test NEXT! Toaster in Design Activities

To search the real situation where the human and the robot work together on design
activities, we arranged actual workshops to test NEXT! Toaster. All topics in workshops
were designing for education.

Before the test, we did not inform that the workshop was a tool test, but rather a
design activity to solve the real problem. In the course of the workshops, NEXT! Toaster
was involved as an auxiliary tool. We want to test the usage data of NEXT! Toaster in
the actual interactive scenarios, as well as the dynamics working with robot facilitator.
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We recruited 10 workshops for experiments (Table 6). Excluding CCM.1, CCM.2
experiments in the summer program City ChangeMaker, C.1 experiment in undergradu-
ate course Interactive Design, the rest of the group experiments were specifically planed
for testing NEXT! Toaster.

To ensure that the tests were as close as possible to real use, the participants were all
design practitioners or design students. The experimental sites were spaces in a design
innovation center.

Table 6. The code name of the experimental team

2p 4p 6p 8p 10p 20p

1team 1team 1team 1team 2teams (4p + 6p) 4teams (3p + 5p + 5P +
7p)

1 h W.1 W.2 W.3 W.4 W.5-G4, G6 W.6-G3, G5s, G5f, G7

3 h – W.7 W.8 – – –

6 h – W.9 W.10 – – –

10d – CCM.1 CCM.2 – – –

4w – C.1 - – – –

h = hour(s); p = person(s)

In the arrangement of the experimental group, there are several special consideration
variables to compare the actual situation of the creator’s cooperation with the machine
facilitator: 1) the number of teams; 2) The length of the design activity; 3) the impact
of the scene atmosphere on the design activity; 4) the relationship between the team
members.

In terms of team number control, we set seven team sizes for 2–8 persons, based on
the number of common team work groups. In terms of the length of team activities, we
set the duration of 5 different design activities according to reality, 1 h, 3 h, 6 h, 10 days
and 4 weeks, which simulated the duration of a class, a half-day homework assignment,
a 1-day workshop, a 2-week summer program, and a 4-week professional course. In
terms of atmosphere simulation, we organized groups of 10 subjects and 20 subjects, in
which we divided them into 2 teams (one for 4 and one for 6) and 4 teams (one for 3, two
for 5, the last one for 7) to search if the design space influence the design activity when
empty and quiet, or crowded and noisy. In the variable control of the team members, we
used two 5-person teams in the W.6 session, in which the members of G5s team did not
know each other and G5f members were all from the same start-up company, to observe
the impact of inner relationship on the design process.

Based on the method research through design, we mainly used observation, ques-
tionnaire, key interview, combined with background data to subjects the usage situation.
With observation we mainly examined the condition of overall progress of the design
activities, the usage of NEXT! Toaster and design tools, the special moments of team
members (e.g. silence, stalemate, cheering, etc.), the number of times the design team
turned to volunteers, and what they asked for. Through the questionnaire we generally
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Fig. 2. Test scenarios

studied the subjects’ information and attitudes, expectations and suggestions to NEXT!
Toaster. Interview method focused on the feedback from extreme users who are the
most active members, the most negative members and who scored singularly in the
questionnaire.

By testing themachine facilitator NEXT! Toaster in the actual scene, we hope to find:
1) the feasibility and user attitudes to using NEXT! Toaster as a facilitator to promote
design process in creative activities, and the possible directions of improvement; 2) in the
case of human-machine co-creation, the characteristics and needs that human designers
will exhibit; 3) in designing human-machine collaboration tools, the main points we
should pay attention to and the enlightenments.

5 Results and Feedbacks

After completing all 13 sessions (17 team) experiments, we analyzed the data from
observations, questionnaires, key interviews and backstage data in three angles, the
basics of the test, the usage situation of NEXT! Toaster, the feedback from subjects.

5.1 The Basics of the Test

The experiments involved 84 participants (average design experience 3.8 years). The
design processes of 17 teams involved in the tests were largely as planned (the maximum
timeout did not exceed 8% of the activity time). All the team worked out with successful
design results. Depending on the length of the experiments, the output of 1-h design
activities were “many ideas” and “1 selected idea”, each 3-h activity produced an in-
depth idea, each 6-h activity made the text prototype, each 10-day activity worked out
with a draft prototype, and the 4-week activity designed a fine prototype.

5.2 The Usage Situation of NEXT! Toaster

During experiments, 15 teams chose to use NEXT! Toaster from start to arrange the
overall design process. Most of the teams set goals only once at the beginning of the
activity, and followed the recommends to advance the process. Only 2 teams of W.5-G6
and W.8 submitted different goals for the second time during the process. In addition,
the 3 teams (CCM.1, CCM.2, C.3) with longer experimental duration and supervisor
participation did not use NEXT! Toaster from the start, instead, turn to the machine
assistant for help at the specific problems (Table 7).
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Table 7. The reasons teams use NEXT! Toaster

Reason Times The team using

Think of more ideas 10 W.1, W.2, W.3, W.5-G4/G6, W.6-G3, G5s, CCM.1, CCM.2,
C.1

Identify an idea 9 W.4, W.6-G5f, W.6-G7, W.7, W.8, W.9, W.10, CCM.2

Return to the topic 3 CCM.1, CCM.2, C.1

Come up better ideas 2 CCM.2, C.1

Break the silence 2 CCM.1, CCM.2

Filter ideas 1 W.5-G6

Change the method 1 W.8

Find a prototype method 1 CCM.2

Based on the cross-analysis of the backstage data and on-site observation (and video
playback), we have summed up the situation analysis diagram (Fig. 2) of interactions
betweendesigners andNEXT!Toaster (diamonddots), betweendesigners andvolunteers
(round dots). It also displays the combination of relative data, such as team size, group
discussion atmosphere, etc. It needs to be explained that on CCM.1, CCM.2 and C.1
teams there’s nomark on discussion atmosphere for the tool usagewas only concentrated
in the early stages of the activity, analysis on all the process did not works. In addition,
the overtime situation has a small impact on the analysis, so each set of design processes
has been stretched proportionally for the planned time (Fig. 3).

Fig. 3. Analysis of test scene situation
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According to statistics, there are 78 calls to volunteers, 92 times of command on the
webpage by the phone, and 54 design tool sheets produced during the design activities.

1) The more people there are in the team, the fewer calls to volunteers. The exception
was team W.6-G5f, in which members were familiar with each other. After the test,
we learned from the key interview that the team preferred to rely on guesswork to
build their unique way of using the new tool, rather than asking volunteers. Members
of the team were not nervous or shy whether they were wrong.

2) From the changing of times that howmany users called the volunteers and interacted
with the machine facilitator, it shows the strong learning ability of users. They can
quickly explore the machine logic, make up for the lack of the machine design, and
master the knowledge provided by the machine. In the study, we found that in the
same group, the team would only ask the volunteers once facing the same problem
and immediately developed their own unique solutions; In the 3 teams with long
duration test (C.1, CCM.1, CCM.2), the same usage requirements did not appear in
backstage records for the second time. The team replied that they can grasped the
use method of design tools used and wouldn’t ask NEXT! Toaster for help until for
the new requirement.

3) There are 3 interesting findings about the use of design tool sheets. The most times
of human-computer interaction occurred was that users scanned the QR code on
design tool sheet for obtaining tool use cases. Most members of the teams used their
own mobile phones scanning, some people even scanned more than once. Due to
the limited size of the design tool produced on site, most groups drew the similar
one on the A0 paper, and the printed A4 sheet is used only as a specification. The
subjects took photographs of the tools after use, and some even took sequent photos
to make process records. This provides the direction for subsequent improvements.

5.3 The Feedback from Subjects

After the test, we surveyed 84 subjects with questionnaires to find out their attitude and
willingness to usage. Subsequently, the subjects in extreme performance (behaved in the
test extremely positive or negative, and gave extreme scores in the questionnaire) were
interviewed in depth to explore the reasons for the abnormal performance (Table 8).

From the user feedback, most people recognized NEXT! Toaster as a facilitator
and a partner in design, and agreed that it could help them push the design process
forward, broaden minds, and improve design results. The design tools recommended
by NEXT! Toaster could basically meet the use scenarios and design needs, but further
adjustments are needed to lower the threshold for use. Handling existing design tools still
requires experience. For users less experienced, more help and guidance from volunteers
is required at the beginning of design process.

In addition, we interviewed 3 extreme performance subjects who had a common
characteristic, gave negative reviews on NEXT! Toaster, but contrary to the reviews,
they had very high willingness and were looking forward to using them again. Two of
them believed that the prototype still required some use experience, not designed for
everyone. The other one explained that NEXT! Toaster was still a machine tool, and he
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Table 8. The attitude and willingness of subjects

Agree Remain neutral Not agree

Satisfied with the result 82.1% 10.7% 7.1%

Helped improve the result 85.7% 7.1% 7.1%

Helped broaden your mind 85.7% 10.7% 3.6%

Helped carry forward the process 86.9% 7.1% 6.0%

Tools recommended worked well 75.0% 20.2% 4.8%

Tools recommended suited for team design 76.2% 13.1% 10.7%

Worked well as the facilitator 85.7% 7.1% 7.1%

Willing to use when design independently 89.3% 7.1% 3.6%

Willing to use when design independently 77.4% 19.0% 3.6%

wished it could be involved in the team like a human being and to be a real discussion
member.

6 Findings and Contributions

This study takes the prototype of NEXT! Toaster as a model and a trial, to verify the
possibility of collaboration between human and robotic assistant, inwhich the two jointly
work and play each advantage. With the design and experiment of this prototype, we
extract some points from the process and results, hoping to show some findings and
suggestions.

6.1 The Design Experience of NEXT! Toaster

NEXT! Toaster works on the problems in design process by creating new link to connect
the needs in design progress and design tools existing. This approach attempts to take
lightweight human-machine interaction, retaining what human andmachine are efficient
at in the collaboration, the fast searching ability of the machine and the creative ability
of human. Test results show that NEXT! Toaster can basically meet the needs, support
the overall process assistance or targeted problem solving.

6.2 The Characteristics and Needs of Human in Human-Machine Co-creation

From the situation analysis of the activity, it can be found that the creator is more
willing to make tentative assumptions in an acquaintance environment. Especially to
unfamiliar tools, the acquaintance team can fix roles more quickly, transiting from the
role identifying phase to the role functioning phase, and explore design tools to form the
unique ways of using earlier than others.

The learning ability of human has not deteriorated in the collaboration with the
robot assistant. The backstage data shows that the design requirements varied for each
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use of NEXT! Toaster, which means the subjects digested what they used provided by
the machine. The experience of co-creation with NEXT! Toaster, trains users to handle
design process better. Mastering tools is an important part of human ability, and working
with machines trained human to recognize and develop our strengths.

People are very inclusive to robot partners. The function of NEXT! Toaster is so
simple that it seems plain and mechanized as a co-creator. But we got very positive
feedbacks, and subjects showed a very high willingness to work with the robot partners
again (even those who were not satisfied with this prototype).

6.3 Limitations and Future Work

NEXT!Toaster helps creatorswith design tools, so it is limited by the limitation of design
tools. Besides optimizing the tool library, optimizing the interactive experience, adding
emotional features, and improving the user-defined tool tags, we are trying to build up
interaction approach to remedy the defect brought by the limitations of the simulation
mechanism and the usage of design tools, to make NEXT! Toaster a real facilitator.

7 Conclusion

This Paper introduces a trial to solve the “isolated dilemma” of design activities by
establishing the interaction between the needs of designers and existing design tools.
When design process gets in deadlock, the robot facilitator NEXT! Toaster can provide
design tools to help teams achieve goals. The test and dynamics analysis on NEXT!
Toaster shows that it canbasicallymeet the designneeds of the team, including supporting
the overall process assistance, or solving targeted specific problems. At the same time,
the experience of co-creation with NEXT! Toaster, trains users to handle design process
better.

Through the design of the human-machine collaboration assistant, we explore the
features of human behaviors and internal needs in the co-creation scene, and put forward
some suggestions for the design of human-machine collaboration tools. It is hoped that
more interactions can be set up to magnify each advantage of human and machine in the
collaboration, so that machines can service the capabilities increasing of humans, and
the track of humans can enlighten the development of machines, achieving the human-
machine engagement. It is also expected that such a mutual promotion between humans
and machines can provide new path for future design and lead to new discussions on the
human-machine collaboration.
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Effects of Gender Matching on Performance
in Human-Robot Teams and Acceptance

of Robots

Yanan Zhai, Na Chen(B), and Jiajia Cao

Beijing University of Chemical Technology, Beijing 100055, China

Abstract. Robots provide important help in relieving work pressure and reducing
workload. This study aimed to explore the impact of robots’ gender on individu-
als’ performance and their acceptance of robots. This study explored the effects
of human-robot gender matching on the performance and the mediating role of
acceptance of robots. A questionnaire survey was conducted and 212 valid ques-
tionnaires were collected. The results indicated that for the male respondents,
their acceptance of opposite-sex robots was higher than the acceptance of same-
sex robots and their performance was higher while working with opposite-sex
robots. For the female respondents, their acceptance of same-sex robotswas higher
and their performance wasn’t influenced by robots’ gender. Moreover, the accep-
tance of robots mediated in the influence of gender matching on performance.
Implications were discussed for future work.

Keywords: Intelligent robot · Gender matching · Technology acceptance ·
Human-robot interaction

1 Introduction

The functions of robots have been enlarging from traditional industrial functions such
as solving the problems of labor shortages and dangerous operations to behaving as part
of human daily lives. Robots can play not only functional roles helping people work and
live, but also roles working with us, such as teachers, home assistants and colleagues. At
present, in order to allow robots to interact more naturally with human, a variety of tech-
nologies are incorporate into designing social robots, including speech synthesis, speech
recognition, eye contact and body movement [1]. For example, the humanoid robot
Robovie [2, 3] developed by the Advanced Telecommunications Research (ATR) Intel-
ligent Robot and Communication Laboratory has been used in museums and schools.
Robot “Paro” [4] developed by Intelligent System Co. Ltd which can provide mental
health treatment has been introduced into nursing homes for the elderly in some coun-
tries. The child-sized humanoid robot “ifBot” developed by ifoo Co. Ltd. [5] (Japan)
can communicate with people to prevent dementia among elderly people living alone.
The humanoid characteristics of robots, including behaviors and appearance, promote
the use of them in the fields of medical, education and so on.
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Previous studies indicated that people have higher possibility to accept robots if the
latters resemble human in terms of speech and behaviors more. Moreover, people feel
easier and more natural to work and live with these robots. Moreover, social attribute
factors will also affect the interaction between people, such as our gender, role and
personality.Gender is one of themost significant and universal social categories in human
society, affecting almost every aspect of our daily lives [6]. To a large extent, gender
determines people’s social roles, relationships and opportunities [7]. The important thing
is that our own gender and the gender of others affect how we think and communicate
with each other. Studies have shown that the influence of gender is not only limited to
the interaction between people, but also affects the interaction between human and non-
humans, such as computers and robots. Studies have found that the impact of robots’
gender on people is complex when interact with robots, and there are interactions with
contextual factors (such as tasks and environment) and human factors (including gender,
educational background, and culture). The research of Siegel et al. [8] showed that
users’ evaluations of opposite-sex robots are more positive than same-sex robots; they
even tend to show more positive attitudes towards opposite-sex robots. On the contrary,
research by Eyssel et al. [9] showed that Respondents’ perception of same-sex robots
was significantly more positive than opposite-sex robots, and psychologically closer to
same-sex robots. Therefore, it can be found that the robots’ gender preference depends on
the interaction between humans and robots and the context in which they interact. When
people interact with robots, robots’ gender will affect people’s behavior and psychology,
which will affect acceptance of robots and their performance. In terms of psychology,
Siegel et al. [8] found that male respondents believed that female robots were more
credible than male robots, while female respondents believed that male robots were
more credible than female robots. In terms of behavior, Kuchenbrandt et al. [10] found
that, female respondents completed tasks as fast regardless of robots’ gender, while male
respondents completed tasks faster when interacting with male robots. In view of the
complexity of the effects of human-robot gender matching, this research is dedicated to
discovering the impact of the interaction of humans’ gender and robots’ gender on their
performance and acceptance of robots, that is, robots’ gender that men or women prefer
at work, and the degree to which different robots’ gender improve performance.

Performance indicators are often used to measure the effectiveness of employees’
work. Performance is a certain result achieved by an individual or organization in a
certain way within a certain period [11]. There are many factors that affect people’s
performance, including their own skills, work environment, and incentive effects. One’s
own skills depend on personal characteristics such as personal talents, intelligence, expe-
rience, education and training, and incentives are generally determined by the company.
Therefore, in a cooperative team, it is the partners who have the greatest influence on
individuals’ performance, their language, behaviors, roles, etc. will affect performance.
This impact not only occurs in human teams, but also in human-robot interaction, and
the impact is even greater. When robots collaborate with humans, people hope that when
the partners are no longer humans but non-humans, this different attempt can signif-
icantly improve their performance. Some scholars explore how different robot types
can improve performance and the type of robot that the individual prefers. For exam-
ple, a study by St. Clair & Mataric [12] shows that the language feedback of robots in
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human-robot cooperation can improve team performance, and people prefer robots that
actively communicate. Some people prefer robotwho act and look like themselves. Shah,
J.et al. [13] have shown that when the robot imitates the effective coordination behavior
observed in the human team, the team performance will be improved. We can find that
in the field of human-robot interaction, most of the research on performance is also in
the field of language and behavior, and the focus is mainly on the team performance, and
there is very little research on individuals’ performance. Nowadays, robots have more
and more roles, and their relationship with us is getting more and more intimate. We
hope to explore the impact of the specific characteristics of robots on individuals’ per-
formance. However, there is currently a lack of research on the social attributes of robots
on individuals’ performance. Whether people have different preferences for the social
attributes of robots, and whether performance will be affected by the social attributes of
robots remains to be studied. In addition to exploring the impact of human-robot gen-
der matching on individuals’ performance, this research also attempts to explore their
acceptance of robots, in other words whether people are willing to work with a robot.

This research mainly explores the impact of robots’ gender on individuals’ perfor-
mance. During the research process, we noticed the interaction between robots’ gender
and people’s gender. In view of this finding, we explored that human-robot gender
matching is important for robots as partners to individuals’ performance. In addition,
this research also attempts to explore whether the acceptance of robots mediated in
the influence of gender matching on performance. The research results help relevant
researchers to better understand the needs of robots as work partners, provide ideas for
the design of robot products, and provide references for designing methods to improve
individuals’ performance.

2 Hypotheses

Psychological research ongendermatching shows that people prefer opposite-sexmatch-
ing. When facing the opposite-sex people, a woman or a man is emotionally excited and
expressive desires increase, at this time the level of dopaminewill increase, and dopamine
is a nerve that can cause excitement and enhance people’s motivation. The increase in the
level of conductive substances will make people feel more excited and energetic. People
often say that “male and female match, work is not tired” is this truth, therefore, people
may project the attitude and perception of the opposite-sex people to robot partners, the
existing research has also proved this point. The people’s evaluations of opposite-sex
robots are more positive than same-sex robots; they even tend to show more positive
attitudes towards opposite-sex robots. Therefore, we assume that people prefer to work
with opposite-sex robots and have a higher acceptance.

H1(a) Female have a higher acceptance of opposite-sex robots;
H1(b) Male have higher acceptance of opposite-sex robots;
Asmore andmore robots are used in our daily work and life, we hope they can relieve

work pressure and improve our work efficiency. At work, people are generally focused
on the impact on performance. We look forward to robot can significantly improve our
performance. However, the current researches focused on the impact of robot behavior
on performance. There is a lack of research on the social attributes of robots. Through



Effects of Gender Matching on Performance in Human-Robot Teams 413

H1 analysis, people tend to behave better in front of opposite-sex robots. So, we assume
that people have higher performance when working with opposite-sex robots.

H2(a) female have higher performance when working with opposite-sex robots;
H2(b) Male have higher performance when working with opposite-sex robots;
This study explored the impact of human-robot gender matching on performance

and acceptance of the robots, but it is not clear how gender matching affects individuals’
performance. We know that gender affects people’s thinking and communication, and
affects people’s behavior and psychology. Therefore,we believe that the impact of gender
matching on performance may be affected by people’s psychological reasons. In other
words, individuals’ performance depends on whether they like working with matched
robots. Therefore, this research proposed that the acceptance of robots mediated in the
influence of gender matching on performance.

H3: the acceptance of robots mediated in the influence of gender matching on
performance.

3 Method

3.1 Respondents

The respondents of this study are workers of different ages and educational backgrounds
across Guangdong. In this online questionnaire survey, we put a total of 235 question-
naires, 235 questionnaires were returned, 212 valid questionnaires, and the effective
questionnaire response rate reached 90.21%. Among the valid questionnaires, 109 were
males, accounting for 48.58%, and 103 were females, accounting for 51.42%. There
are 120 subjects with working experience of 1–3 years and 1–5 years, accounting for
56.61%, and the rest have no work experience or more than 6 years of work experi-
ence, accounting for 43.39%. The respondents’ understanding of robots included 85
people who had general knowledge of robots, accounting for 40.09%, 60 people had
little knowledge, accounting for 28.30%, and the remaining 67 people had never under-
stood or knew very well, accounting for 31.61%. Basic information is shown in Table
1.

3.2 Questionnaire Design

This research questionnaire mainly includes three subscales, demographic, the accep-
tance of the robots and performance. Demographic scale mainly include gender, age,
working years, education, and understanding of home robots. the acceptance of the
robots scale contains four questions: I like the social attributes of the robot very much;
it is interesting to work with the robot; I am willing to learn the usage of the robot; I
like to work with the robot. We modified some of the questions of Wang Hui et al. [14]
in the multi-dimensional structure of leadership-subordinate exchange and its influence
on job performance and situational performance to obtain the acceptance of the robots
scale, and replaced the “supervisor” in the original scale with “robot”.

The performance scale contains five questions, which measure the individuals’ per-
formance from three aspects: quantity, quality and efficiency. We modified the scale
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Table 1. Profile of respondents

Measure Item Frequency Percentage (%)

Total 212

Gender Male 109 48.58

Female 103 51.42

Age Below 20 26 12.26

21–30 106 50.00

31–40 63 29.72

Over 41 17 8.02

Education Under senior middle school 21 9.91

Junior college 49 23.11

Undergraduate 138 65.09

Over postgraduate 4 1.89

Working experience 0 year 67 31.6

1–3 year 64 30.19

3–5 year 56 26.42

Over 6 year 25 11.79

Robots knowledge Never known 25 11.79

Less known 60 28.30

General known 85 40.09

More known 27 12.74

Very much known 15 7.08

used by Tsui, Pearce & Porter [15] to obtain the performance scale. The researcher in
this paper first used the standard translation-back translation procedure [16]. First, the
first author translated the five questions in the Tsui, Pearce & Porter scale into Chinese,
and secondly, another researcher translated the Chinese into English, a bilingual scholar
was also invited to compare the original question with the back-translated question.
Finally, the Chinese translation was adjusted and revised to ensure the semantic equiva-
lence of the Chinese and English versions. The original scale has two dimensions: task
performance and peripheral performance. Because the measurement of peripheral per-
formance needs to be compared with the overall average level, it is generally assessed by
the respondents’s superiors. The objectivity of self-evaluation is difficult to guarantee,
so this study only uses five questions of task performance. These questions use the Likert
5-point scale (1 = strongly disagree, 5 = strongly agree).

Each respondent was required to answer questions about the acceptance of the robots
and performance when working with male and female robots. Before measuring the
acceptance of the robot and performance, the questionnaire first showed the respondents
the pictures of the male and female robots, as shown in Fig. 1, and show the respondents
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some text: Please imagine that there is a male robot at your side to assist you in your
work, Please describe your acceptance of the male robot. The image of the male robot
is shown in the figure below and his voice also has male characteristics.

Fig. 1. The images of robots used in the experiment

4 Results

In this study, SPSS 24 software was used for data analysis. data analysis proceeded
in three stages: First, the reliability of the model is tested; then the impact of gender
matching on performance and the acceptance of robots is verified, that is H1, H2; Finally,
the acceptance of robots mediated in the influence of gender matching on performance
is verified, that is H3.

4.1 Reliability Analysis

The internal consistency reliability of all questions was assessed by finding the Cronbach
alpha, the performance and the acceptance of robots scales have passed the Cronbach
alpha test. The alpha is at least 0.796 andgreater than0.7, indicating that the questionnaire
in this study has high reliability. Cronbach alpha are shown in Table 2.
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Table 2. Test results of internal reliability

Construct Items M SD Cronbach’s α

Acceptance of robots 4 15.06 3.274 0.796

Performance 5 18.78 3.666 0.809

4.2 The Impact of Gender Matching on Performance and the Acceptance
of Robots

Perform analysis of variance to test the impact of gender matching on performance and
the acceptance of robots. The results show that robots’ gender and respondents’ gender
have a significant impact on the acceptance of robots and performance (all p< 0.05), and
there is a significant interaction effect between robots’ gender and respondents’ gender
(the acceptance of robots: F = 6.388, p < 0.05; performance: F = 5.176, p < 0.05).
The analysis results are shown in Table 3.

Table 3. Results of analysis of variance on the effect of gender matching on performance and the
acceptance of robot

Independent variable Dependent variable F p

Robots’ gender Acceptance of robots 30.850 <.001

Performance 8.551 .004

Respondents’ gender Acceptance of robots 40.196 <.001

Performance 11.898 .001

Robots’ gender × respondents’ gender Acceptance of robots 6.388 .012

Performance 5.176 .024

According to the post-test results, for male respondents, when the robot partner
is female (opposite-sex matching), the acceptance of the robot is higher (p < 0.05).
For female respondents, when the robot partner is female (same-sex matching), The
acceptance of the robot is higher (p < 0.05), so H1(a) is not verified, H1(b) is verified.
Formale respondents, performancewas higher whenworkingwith female robot partners
(opposite-sex matching) (p < 0.05). For female respondents, there was no significant
difference inperformance, soH2(a)wasnot verified, andH2(b)wasverified.The analysis
results are shown in Table 4.

4.3 The Acceptance of Robots Mediated in the Influence of Gender Matching
on Performance

Perform regression analysis to test the acceptance of robots mediated in the influence
of gender matching on performance. For male respondents, in model 1, the mediating
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Table 4. Post-test results of the impact of gender matching on performance and acceptance of
robot

Variable Respondents’
gender

Robots’ gender Mean difference t p

Acceptance of
robots

Female Female 1.177 0.458 .030

Male

Male Female 3.142 0.178 <.001

Male

Performance Female Female 0.312 2.141 0.640

Male

Male Female 2.502 0.277 <.001

Male

variable the acceptance of robots and dependent variable performance have significant
regression effects on independent variables. (The acceptance of robots: B = 0.554, p <
0.05; performance: B = 0.353, p < 0.05). At the same time, in the model 2, the depen-
dent variable performance has significant regression effects on the mediating variable
the acceptance of robots (B = 0.843, p < 0.05), so the acceptance of robots played a
full mediating role in the relationship between gender matching and performance. For
female respondents, in the model 1, the mediating variable the acceptance of robots and
dependent variable performance have no significant regression effects on independent
variables. (The acceptance of robots: B=−0.185, p> 0.05; performance: B=−0.044,
p > 0.05), so the acceptance of robots does not play a mediating role in the relation-
ship between gender matching and performance, and H3 has been partially verified. The
analysis results are shown in Table 5.

Among the three hypotheses (5 sub-hypothesis in total) proposed in this study, H1(a)
and H2(a) have not been verified, the H3 has been partially verified, and the other two
hypotheses have been verified. The hypothesis verification status of this study can be
summarized as shown in Table 6.

5 Discussion

This study confirmed the interaction between robots’ gender and respondents’s gender,
and further explored the impact of human-robot gender matching on the acceptance of
the robot and the performance of the respondents. The results showed that female have
a higher acceptance of same-sex robot partners, while male are the opposite. Female
may think that they have something in common with same-sex robots and communicate
more effectively [17]. Male have higher performance when working with opposite-sex
robots, while females have no difference in performance when working with robots of
different gender. This indicates that male prefer to work with opposite-sex robots, which
is similar to the study by Siegel [8] that men donate to women robots more frequently
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Table 5. Regression results of the acceptance of robots mediated in the influence of gender
matching on performance

Respondents’
gender

Variable Model 1 Model 2

Acceptance of
robots

Performance Performance

Male Independent
variable

Gender
matching

0.554* 0.353*

Mediator Acceptance of
robots

Mediator
effect

Gender
matching

−0.114

Acceptance of
robots

0.843*

R2 0.307 0.152 0.617

Adjusted R2 0.300 0.116 0.609

F 43.934 14.112 78.991

Female Independent
variable

Gender
matching

−0.185 −0.044

Mediator Acceptance of
robots

Mediator
effect

Gender
matching

0.090

Acceptance of
robots

0.723*

R2 0.034 0.002 0.507

Adjusted R2 0.025 0.007 0.498

F 3.772 0.204 54.541

*indicates p is significant at the 0.05 level

than women donate, but women do not show preference. It may be that female are more
likely to regard robots as mechanized than men [18], which reduces their trust in robots
and willingness to cooperate with robots. This study also confirmed that the acceptance
of robots mediated in the influence of gender matching on performance. In the male
group, the acceptance of robots played a complete mediating role. Therefore, we can
see that male’s gender suggestion to robots is stronger than that of female [8].

The research on gender interaction between humans and robots is still in a period of
rapid development, and various new viewpoints are emerging one after another. There
is no relatively complete theoretical model for researchers in the academic circle. There
are some shortcomings in this research. When designing the gender of robots, it is only
distinguished by showing pictures in the questionnaire to allow respondents to imag-
ine. In the research of robots’ gender, the methods of identifying the gender of robots
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Table 6. Hypothesis verification

Hypothesis Verification

H1 (a) Female have a higher acceptance of opposite-sex robots Unverified

H1 (b) Male have higher acceptance of opposite-sex robots Verified

H2 (a) Female have higher performance when working with
opposite-sex robots

Unverified

H2 (b) Male have higher performance when working with
opposite-sex robots

Verified

H3 The acceptance of robots mediated in the influence of gender
matching on performance

Partially verified

include: appearance; voice; operation experiment; names and pronouns used in survey
description [8, 10, 19, 20]. Therefore, the combination of these factors can be used to
strengthen the factor of robots’ gender in future research. In addition, the conclusions
in this study are drawn without setting specific task content or work scenarios for per-
formance. Social robots are widely used in hospitals, homes, museums and other places
[21–23], research shows that robots with different gender appearances and behaviors
may make the communication between humans and robots more effective, but in some
cases a genderless design may better reduce user attention [24]. The research can further
explore performance in specific task scenarios, especially gender-related tasks, such as
nursing, security, etc.

6 Conclusion

Partner robots provide important help in relieving work pressure and reducing workload.
The functions of robots have been enlarging from traditional industrial functions such
as solving the problems of labor shortages and dangerous operations to behaving as part
of human daily lives. However, what type of robots people like to become their work
partners, and what kind of robots to work with more efficiently has become a hot topic
in the academia. This study uses a questionnaire to explore the impact of robots’ gender
on individuals’ performance and their acceptance of robots. This study explored the
effects of human-robot gender matching on the performance and the mediating role of
acceptance of robots. A total of 212 valid questionnaires were collected. Data analysis
showed that for the male groups, their acceptance of opposite-sex robots was higher
than the acceptance of same-sex robots and their performance was higher while working
with opposite-sex robots. For the female group, their acceptance of same-sex robots
was higher and their performance wasn’t influenced by robots’ gender. Moreover, the
acceptance of robots mediated in the influence of gender matching on performance.

Therefore, this research suggests that when using robots to assist office work, more
attention should be paid to the human-robot gender matching. When choosing a part-
ner robot, the user can focus on the gender matching between himself/herself and the
robot, and give priority to choosing the robot he/she prefers. In addition, pay attention to
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cultivating people’s positive emotions towards the robot, these emotions mainly include
people’s acceptance of robots (trust), the pleasure of working together, and the desire to
learn to use robots. Empirical research has shown that subjects have higher performance
when they have a higher acceptance of robots. Therefore, in order to improve the effi-
ciency of robot-assisted office, it is necessary for the corporation to consider improving
the employee’s level of positive emotions towards the robot. The research results help
relevant researchers to better understand the needs of employees for robot partners, pro-
vide ideas for the design of robot products, and provide references for designingmethods
to improve individuals’ performance.
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