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Foreword

The 15th International Conference on Human–Computer Interaction, HCI In-
ternational 2013, was held in Las Vegas, Nevada, USA, 21–26 July 2013, incor-
porating 12 conferences / thematic areas:

Thematic areas:

• Human–Computer Interaction
• Human Interface and the Management of Information

Affiliated conferences:

• 10th International Conference on Engineering Psychology and Cognitive
Ergonomics

• 7th International Conference on Universal Access in Human–Computer
Interaction

• 5th International Conference on Virtual, Augmented and Mixed Reality
• 5th International Conference on Cross-Cultural Design
• 5th International Conference on Online Communities and Social Computing
• 7th International Conference on Augmented Cognition
• 4th International Conference on Digital Human Modeling and Applications
in Health, Safety, Ergonomics and Risk Management

• 2nd International Conference on Design, User Experience and Usability
• 1st International Conference on Distributed, Ambient and Pervasive Inter-
actions

• 1st International Conference on Human Aspects of Information Security,
Privacy and Trust

A total of 5210 individuals from academia, research institutes, industry and gov-
ernmental agencies from 70 countries submitted contributions, and 1666 papers
and 303 posters were included in the program. These papers address the latest
research and development efforts and highlight the human aspects of design and
use of computing systems. The papers accepted for presentation thoroughly cover
the entire field of Human–Computer Interaction, addressing major advances in
knowledge and effective use of computers in a variety of application areas.

This volume, edited by P.L. Patrick Rau, contains papers focusing on the
thematic area of Cross-Cultural Design, and addressing the following major
topics:

• Cross-Cultural Product Design
• Cross-Cultural Design Methods and Techniques
• International Usability Evaluation
• Case Studies in Cross-Cultural Design



VI Foreword

The remaining volumes of the HCI International 2013 proceedings are:

• Volume 1, LNCS 8004, Human–Computer Interaction: Human-Centred De-
sign Approaches, Methods, Tools and Environments (Part I), edited by
Masaaki Kurosu

• Volume 2, LNCS 8005, Human–Computer Interaction: Applications and Ser-
vices (Part II), edited by Masaaki Kurosu

• Volume 3, LNCS 8006, Human–Computer Interaction: Users and Contexts
of Use (Part III), edited by Masaaki Kurosu

• Volume 4, LNCS 8007, Human–Computer Interaction: Interaction Modali-
ties and Techniques (Part IV), edited by Masaaki Kurosu

• Volume 5, LNCS 8008, Human–Computer Interaction: Towards Intelligent
and Implicit Interaction (Part V), edited by Masaaki Kurosu

• Volume 6, LNCS 8009, Universal Access in Human–Computer Interaction:
Design Methods, Tools and Interaction Techniques for eInclusion (Part I),
edited by Constantine Stephanidis and Margherita Antona

• Volume 7, LNCS 8010, Universal Access in Human–Computer Interaction:
User and Context Diversity (Part II), edited by Constantine Stephanidis and
Margherita Antona

• Volume 8, LNCS 8011, Universal Access in Human–Computer Interaction:
Applications and Services for Quality of Life (Part III), edited by Constan-
tine Stephanidis and Margherita Antona

• Volume 9, LNCS 8012, Design, User Experience, and Usability: Design Phi-
losophy, Methods and Tools (Part I), edited by Aaron Marcus

• Volume 10, LNCS 8013, Design, User Experience, and Usability: Health,
Learning, Playing, Cultural, and Cross-Cultural User Experience (Part II),
edited by Aaron Marcus

• Volume 11, LNCS 8014, Design, User Experience, and Usability: User Ex-
perience in Novel Technological Environments (Part III), edited by Aaron
Marcus

• Volume 12, LNCS 8015, Design, User Experience, and Usability: Web, Mobile
and Product Design (Part IV), edited by Aaron Marcus

• Volume 13, LNCS 8016, Human Interface and the Management of Informa-
tion: Information and Interaction Design (Part I), edited by Sakae Yamamoto

• Volume 14, LNCS 8017, Human Interface and the Management of Informa-
tion: Information and Interaction for Health, Safety, Mobility and Complex
Environments (Part II), edited by Sakae Yamamoto

• Volume 15, LNCS 8018, Human Interface and the Management of Informa-
tion: Information and Interaction for Learning, Culture, Collaboration and
Business (Part III), edited by Sakae Yamamoto

• Volume 16, LNAI 8019, Engineering Psychology and Cognitive Ergonomics:
Understanding Human Cognition (Part I), edited by Don Harris

• Volume 17, LNAI 8020, Engineering Psychology and Cognitive Ergonomics:
Applications and Services (Part II), edited by Don Harris

• Volume 18, LNCS 8021, Virtual, Augmented and Mixed Reality: Designing
and Developing Augmented and Virtual Environments (Part I), edited by
Randall Shumaker



Foreword VII

• Volume 19, LNCS 8022, Virtual, Augmented and Mixed Reality: Systems
and Applications (Part II), edited by Randall Shumaker

• Volume 21, LNCS 8024, Cross-Cultural Design: Cultural Differences in Ev-
eryday Life (Part II), edited by P.L. Patrick Rau

• Volume 22, LNCS 8025, Digital HumanModeling and Applications in Health,
Safety, Ergonomics and Risk Management: Healthcare and Safety of the En-
vironment and Transport (Part I), edited by Vincent G. Duffy

• Volume 23, LNCS 8026, Digital HumanModeling and Applications in Health,
Safety, Ergonomics and Risk Management: Human Body Modeling and Er-
gonomics (Part II), edited by Vincent G. Duffy

• Volume 24, LNAI 8027, Foundations of Augmented Cognition, edited by
Dylan D. Schmorrow and Cali M. Fidopiastis

• Volume 25, LNCS 8028, Distributed, Ambient and Pervasive Interactions,
edited by Norbert Streitz and Constantine Stephanidis

• Volume 26, LNCS 8029, Online Communities and Social Computing, edited
by A. Ant Ozok and Panayiotis Zaphiris

• Volume 27, LNCS 8030, Human Aspects of Information Security, Privacy
and Trust, edited by Louis Marinos and Ioannis Askoxylakis

• Volume 28, CCIS 373, HCI International 2013 Posters Proceedings (Part I),
edited by Constantine Stephanidis

• Volume 29, CCIS 374, HCI International 2013 Posters Proceedings (Part II),
edited by Constantine Stephanidis

I would like to thank the Program Chairs and the members of the Program
Boards of all affiliated conferences and thematic areas, listed below, for their
contribution to the highest scientific quality and the overall success of the HCI
International 2013 conference.

This conference could not have been possible without the continuous sup-
port and advice of the Founding Chair and Conference Scientific Advisor, Prof.
Gavriel Salvendy, as well as the dedicated work and outstanding efforts of the
Communications Chair and Editor of HCI International News, Abbas Moallem.

I would also like to thank for their contribution towards the smooth organi-
zation of the HCI International 2013 Conference the members of the Human–
Computer Interaction Laboratory of ICS-FORTH, and in particular George
Paparoulis, Maria Pitsoulaki, Stavroula Ntoa, Maria Bouhli and George Kapnas.

May 2013 Constantine Stephanidis
General Chair, HCI International 2013
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Andreas Holzinger, Austria
Josette Jones, USA
Simeon Keates, UK

Georgios Kouroupetroglou, Greece
Patrick Langdon, UK
Seongil Lee, Korea
Ana Isabel B.B. Paraguay, Brazil
Helen Petrie, UK
Michael Pieper, Germany
Enrico Pontelli, USA
Jaime Sanchez, Chile
Anthony Savidis, Greece
Christian Stary, Austria
Hirotada Ueda, Japan
Gerhard Weber, Germany
Harald Weber, Germany



Organization XI

Virtual, Augmented and Mixed Reality

Program Chair: Randall Shumaker, USA

Waymon Armstrong, USA
Juan Cendan, USA
Rudy Darken, USA
Cali M. Fidopiastis, USA
Charles Hughes, USA
David Kaber, USA
Hirokazu Kato, Japan
Denis Laurendeau, Canada
Fotis Liarokapis, UK

Mark Livingston, USA
Michael Macedonia, USA
Gordon Mair, UK
Jose San Martin, Spain
Jacquelyn Morie, USA
Albert “Skip” Rizzo, USA
Kay Stanney, USA
Christopher Stapleton, USA
Gregory Welch, USA

Cross-Cultural Design

Program Chair: P.L. Patrick Rau, P.R. China

Pilsung Choe, P.R. China
Henry Been-Lirn Duh, Singapore
Vanessa Evers, The Netherlands
Paul Fu, USA
Zhiyong Fu, P.R. China
Fu Guo, P.R. China
Sung H. Han, Korea
Toshikazu Kato, Japan
Dyi-Yih Michael Lin, Taiwan
Rungtai Lin, Taiwan

Sheau-Farn Max Liang, Taiwan
Liang Ma, P.R. China
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Stephan Böhm, Germany
Vassilis Charissis, UK
Francisco Cipolla-Ficarra, Spain
Maria De Marsico, Italy
Marc Fabri, UK
David Fonseca, Spain
Linda Harley, USA
Yasushi Ikei, Japan
Wei Ji, USA
Nouf Khashman, Canada
John Killilea, USA
Iosif Klironomos, Greece
Ute Klotz, Switzerland
Maria Korozi, Greece
Kentaro Kotani, Japan

Vassilis Kouroumalis, Greece
Stephanie Lackey, USA
Janelle LaMarche, USA
Asterios Leonidis, Greece
Nickolas Macchiarella, USA
George Margetis, Greece
Matthew Marraffino, USA
Joseph Mercado, USA
Claudia Mont’Alvão, Brazil
Yoichi Motomura, Japan
Karsten Nebe, Germany
Stavroula Ntoa, Greece
Martin Osen, Austria
Stephen Prior, UK
Farid Shirazi, Canada
Jan Stelovsky, USA
Sarah Swierenga, USA



HCI International 2014

The 16th International Conference on Human–Computer Interaction, HCI
International 2014, will be held jointly with the affiliated conferences in the
summer of 2014. It will cover a broad spectrum of themes related to Human–
Computer Interaction, including theoretical issues, methods, tools, processes and
case studies in HCI design, as well as novel interaction techniques, interfaces
and applications. The proceedings will be published by Springer. More infor-
mation about the topics, as well as the venue and dates of the conference,
will be announced through the HCI International Conference series website:
http://www.hci-international.org/

General Chair
Professor Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: cs@ics.forth.gr



Table of Contents – Part I

Cross-Cultural Product Design

Re-engaging with Cultural Engagement: Innovative Product Design of
Cultural Field Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Tsen-Yao Chang and Fang-Wu Tung

An Exploration on Tactile Styles of Products . . . . . . . . . . . . . . . . . . . . . . . . 10
Yung-Ting Chen and Ming-Chuen Chuang

The Study of Style for Kogi Pottery Art in Life . . . . . . . . . . . . . . . . . . . . . . 21
Chi-Hsiung Chen and Shih-Ching Lin

The Study of Modern Emergency Products under the Direction of New
Ergonomics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Jianxin Cheng, Meiyu Zhou, and Junnan Ye

Designing “Hometown Feeling” Into Products . . . . . . . . . . . . . . . . . . . . . . . 41
Chiu-Wei Chien, Si-Jing Chen, and Jun-Liang Chen

Human Factors Design Research with Persona for Kids Furniture in
Shanghai Middle-Class Family . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Linong Dai and Boming Xu

A Study of the Attraction Factors of Japanese Pop-Culture by Young
People in Taiwan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Chen-hao Fan, I-Hsin Fan, Huang-Tsun Lu, and Su-yao Lee

Interaction Design Research of Home Integrated Ceiling Based on
Neo-Ergonomics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Qing Ge and Yin Wang

Some Thoughts on Haptic Aesthetics for Design Transmodal
Aesthetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

John Kreifeldt

RFID-Based Road Guiding Cane System for the Visually Impaired . . . . . 86
Chen Liao, Pilsung Choe, Tianying Wu, Yue Tong,
Chenxu Dai, and Yishuo Liu

Exploring Local Characteristic Product Analysis from an Emotional
Design Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

Yu-Ju Lin, Wei-Han Chen, and Tai-Jui Wang



XVIII Table of Contents – Part I

The Cognitive Difference of Visual and Imaged Tactile Sense of Product
Forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Mei-Ting Lin, Jui-Ping Ma, and Chih-Long Lin

Discovering the Use of a Home Smart Telephone: A Persona
Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Weijane Lin, Chih-Lo Chen, Chien-Ting Yang, and Hsiu-Ping Yueh

A Study of Aesthetic Analysis on Modern Crafts . . . . . . . . . . . . . . . . . . . . . 118
Po-Hsien Lin, Mo-Li Yeh, and Rungtai Lin

Research on Symbol Expression for Eye Image in Product Design:
The Usage of the Chinese Traditional “Yun Wen” . . . . . . . . . . . . . . . . . . . . 128

Chi-Chang Lu and Po-Hsien Lin

An Empirical Research on Experience Evaluation and Image Promotion
of Wuxi Fruit Brand: The Case of the Brand Package of Yangshan
Shuimi Peaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Wei Xiong, Liang Yin, Xinli Lin, and Shengli Lu

A Study of Applying Qualia to Business Model of Creative Industries . . . 148
Hui-Yun Yen, Christopher Lin, and Rungtai Lin

Analysis of Cognition Difference of Visual and Imagined Haptic Inputs
on Product Texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

Hui-Yun Yen, Christopher Lin, and Rungtai Lin

An Empirical Research on Designing and Promoting the Brand Logo of
Yangshan Shuimi Peaches Based on the Theory of Brand Experience . . . 165

Liang Yin, Junmiao Wang, Ying Shan, Yi Jin, Zilin Sun,
Weifeng Huang, and Binbin Li

Service Design Research about Redesign Sedentary Office Guided by
New Ergonomics Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Yingxue Zhao, Craig Vogel, Gerald Michaud, and Steven Doehler

Cross-Cultural Design Methods and Techniques

A Policy or a Silent Revolution: Experience Sharing on Aligning UX
Process with Product Development Process . . . . . . . . . . . . . . . . . . . . . . . . . 187

Sean Chiu and Chen-Shuang Wei

From Global Terminology to Local Terminology: A Review on
Cross-Cultural Interface Design Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

Elke Duncker, Javed Anjum Sheikh, and Bob Fields

Integration of Characteristics of Culture into Product Design:
A Perspective from Symbolic Interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

Yu-Hsiu Hung, Wei-Ting Li, and Yi Sheng Goh



Table of Contents – Part I XIX

Modality-Independent Interaction Framework for Cross-Disability
Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

J. Bern Jordan and Gregg C. Vanderheiden

“I Know U” – A Proposed VUI Design for Improving User Experience
in HRI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228

Chen Liu, Aik Joon Sharyl Quek, Shi Jie Alicia Sim, and
Swee Lan See

Defining Cross-Culture Theoretical Framework of User Interface . . . . . . . 235
Ping Liu and Chun Keung

Integrating Internationalization in the User-Centered Software
Development Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
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Abstract. This study aims to construct the components of effective analysis of 
cultural products to develop a design process that is appropriate for the cultural 
field. The research concept is based on an integrated experience of design expe-
riments. Targeting the actual demands of the cultural field, the cases analyzed 
provide pragmatic solutions. This study contributes a systematic and timely 
process of design in the cultural field with the use of a complex scenario, as 
well as the application of such a process to produce concrete results in design 
service. Results can aid in future planning and implementation of solutions.  

Keywords: cultural field experience, cultural product, product design, expe-
rience design. 

1 Introduction  

Cultural assets are the key element of creating local sustainable experiences. When 
globalization carries on more actively, it wipes local cultures out more easily. But, 
when the world becomes more internationalized, local traditions appear more impor-
tant. Cultures are associated with extensive economic benefits. These cultural activi-
ties, be it a festival, service experience or engagement enlivened,  all are associated 
with the development of related products, with derivative benefits that often carry 
weight in respect to the propagation and preservation of a culture. What cultural 
product design is capable of is being the media conveying cultures and exhibiting 
lifestyle. When a culture spreads in the form of products, not only does it transform, 
employ and communicate the contents of local culture but also highlights recognition 
of local culture and the image that symbolizes the local place.  For designers of 
product development, when facing the complexity of cultural field, it is necessary to 
effectively assess the questions and design demands to set out efficient design 
processes. The contribution of this study is an attempt to develop a systematic and 
flexible process to identify and implement a design. Results can provide designers 
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with guidelines on re-examining and re-promoting cultures and giving new economy 
and heritage to cultures. These cultures should embrace international views and strike 
a balance between local demands and those of a globalized business.   

2 Literature Review 

The emotion and narratives in cultures are a key boost to promoting marketing locali-
ty. Where nations, cities as well as regions begin to give serious thought to the  
preservation and development of their own cultures, “cultures” become crucial oppor-
tunities of adding value to each region and create separation and distinctiveness of 
markets. Globalization, causing homogenization though, is not all negatively influen-
tial; it does create different opportunities. The emotion and narrative contents in  
cultures are capable of evoking resonance, which matches the contemporary con-
sumption culture well, allowing  consumers to look for unique emotional expe-
riences and touch of stories whereby to get psychologically satisfied. That encourages 
local industries to reconsider the features of local cultures, based on which they de-
velop local cultural product, whereby to assist in the development and preservation of 
local culture and creation of global business opportunities. As experience economy 
becomes a fashion, sensible elements like emotion and culture are taken into account 
for every operation of industry, with focus placed on the increase of total feeling of 
service in consumers.  The abundant creativity locally in Taiwan has been treated by 
diverse cultures; together with the diverse and unique sense and looks of Taiwan cul-
tures, it is the energy for adding value to cultures that can be employed to industrial 
development, field development, brand development and product development.  

2.1 Developing Creative Tourism in Cultural Experience Field 

Living today requires more than the satisfaction with materials as in the past; it needs 
updating emotional experiences now. What is needed first is recreational life, in which 
people begin to pursue creative experience in space of travel. A main form of recreation 
is cultural experience. Different cultural contexts and lifestyles are understood through 
knowing regional scene and sight, of geography and of human. Richards and Raymond 
define ‘creative tourism’ as ‘tourism which offers tourists the opportunity to develop 
their creative potential through active participation in courses and learning experiences 
which are the characteristic of the destination where they are undertaken’ (2000:18). In 
the perspective of travelers, they are allowed more time, space and resources to interact 
with local places, even to learn different lifestyle. From the angle of local economic 
development, travel of cultural experience is a means to allow local assets, both tangible 
and intangible, to possibly become elements of product that can be experienced and 
marketed. Thus, cultural experiences can become ways of providing enjoyment, ex-
citement and expression of emotion. Richards (2011:1237) emphasizes, the common 
components of creative tourism are ‘participative, authentic experiences that allow tour-
ists to develop their creative potential and skills through contact with local people and 
their culture’ (Richards, 2011:1237). Therefore, the research intends to develop an 
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adoptable design process that helps consumers go deep into the field and creates for 
them profound, unique cultural impression.  

2.2 Cultural Awareness and Product Development  

Consumers are no longer interested in standardized product produced in mass produc-
tion (Delaney et al. 2002:46); cultural differences that exist between nations, cities, 
fields and groups become important elements of identification used in experiences 
and consumption.  In the cultural tour to a country, shopping is probably a simplest 
form of cultural experience (Hsieh & Chang, 2006). Memorabilia can inspire tourists 
to use them to compare with their daily life they are used to, and to widen their view 
of world, realizing the differences between their own culture and others, further to 
experience cultural life more really (Littrell, 1990).  By consumption of cultural 
product, tourists expect to ensure unique experiences that is impossible in their home 
countries (Lee, Kim, Seock & Cho, 2009). Hence, in the condition of tourism devel-
opment, how to effectively transform the local resources feature into product with 
benefit of added economic value is what the designer should contemplate when ac-
cessing to the field and presenting the design. 

When designing, however, designers are also subject to their own cultures (Press and 
Cooper, 2003); the presence of cultural differences will force them to self-adapt based 
on different cultures and divide their own product (Van Raaij, 2005). Different compre-
hension of cultures thus becomes a distinct condition for designers when making design. 
They use their own feeling and perspective for the cultures, combine their practice of 
design, based on regional humane features for designing, employing local cultural fea-
tures as design contents, to create uniqueness and differentiation in the competitive 
global market and increase competitiveness and identification of product (Lin, R. T., 
2007).  To convey cultural messages and present cultural values via product; to en-
hance the appeal and emotional bond of cultures through beautification by design. 

3 Research Method 

Based on the above context and on the product design process, this study constructed 
a process that suits the development of the cultural field. The aim is to provide de-
signers with elements of effective analysis of the structure of cultural products. A case 
study that divided the process of design and analysis into three stages was used, as 
shown in Fig. 1.  

 

Fig. 1. Stages of the product design process to promote the cultural field 
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Stage 1: Selecting a specific cultural field, which was Longshan Temple in Taipei 
City. For this field, data were gathered, observation made and cultural context ex-
plored, gaining insights into the gaps and opportunities of the field, to propose possi-
ble concepts of creative products. Field survey was used to introduce the perspective 
of service design; service design tools were used to uncover field problems.  With 
customer journey map used as design and observation tools, contemplation and search 
were made as to the stages of: “How does a customer become aware of the service?”, 
“How does a customer join the service?”, “What are the different ways a customer 
might use the service?”, and “How does a customer grow with the service?” to under-
stand the gaps arising in the steps from acquiring information to entering the field and 
exiting it, and to present designer’s insights. The gaps identified at this stage were 1. 
Entering field: the tourists are not familiar with the place, do not know the course of 
visiting nor the meaning of the equipment used in the temple;   2. In the field: they 
have no ideas about the gods or the rules of visiting; 3. Exiting the field: unfamiliar 
with other scenic sites around the field, or about selection and sending memorabilia.  
Having identified these questions, the designer began to analyze existed products, 
whereby to understand the property of similar products in market. 

Stage 2: Gathering data. This step included obtaining information on the designs of 
related products in the market, analyzing their design concepts and elements, and 
from the comparison of these elements, constructing  the narrative elements that suit 
the development of the field culture. These elements will serve as the basis for future 
design ideas.  

Stage 3: Working on product  proposals with the use of the design elements ob-
tained in cultural product analysis at the previous stage, with center placed at cultural 
emotion and idea which can be translated into stories as marketing strategies, and by 
developing in the directions of product functions, pattern styling, manufacturing tech-
niques and material applications ( as shown  Fig. 2),  respectively, or by recombining 
them, with expert opinions expressed in interviews taken into consideration as well as 
reflecting to the marketing and mass production for merchandising the relevant items. 
Such design process can serve as an innovated one for constructing cultural fields. 

 

Fig. 2. Design elements of cultural products, with cultural emotion and idea as the core values 
from which development can be pursued in each of the directions of product functions, pattern 
styling, manufacturing techniques, and material application.  
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The design overall is about the creative product stressing on visualized information 
for the purpose of making the creative items that help tourists understanding the ritual 
culture of Longshan Temple, so that believers and travelers visiting the Temple can 
have recognition by way of the designed cultural product. The series of items, which 
was created by linking the observed gaps and the five elements under study, combines 
the properties of function, guide and memory. It dawns on visitors to Longshan Tem-
ple about the sequence of pilgrimage and what each deity blesses. It also includes 
amulets of which visitors can take one piece with them after the visit hoping for 
peace. The tour guide texts further include the introduction to a tour to the business 
areas around the Temple and marketing the history of Manga area of Taipei, where 
the Temple sits. All this history and experience will bear the value of reference and 
memory for one who has paid the visit.  

4 Results and Discussions 

Basically, this study focused on the search for design gaps and building of a model for 
commercial design. Regarding the process of service design into which cultural crea-
tive product is introduced, it was found that in the model as Fig. 1 shows, design crea-
tivity can help preserve cultural values and present distinct looks and impressions. 
Fig. 3 shows Case 1, a guide booklet designed for the field overall to solve the trouble 
for first-time visitors in knowing the sequence of pilgrimage. The booklet has con-
tents including information on the stores around the field. The information presented 
renders peripheral clustering effect to this cultural field, which draws crowds and 
makes feedback. Case 2 represents a set of postcards that describe the processes and 
tools used in the design process. The concept is to communicate the beauty of crafts 
in Taiwan through postcards sent to people in other countries. Case 3 is a graphical 
representation of lottery poems. The idea was to connect tradition and modern graph-
ics by creating new characters for each poem on the basis of the image of a "dragon," 
a representative symbol of prosperity in Chinese culture. Rendering dragons with a 
symbolic image creates a character that represents novelty. These are only a few ex-
amples alongside many other items yet to develop. 

 

  

Fig. 3. Three design cases that introduce innovative cultural products in which the design ele-
ments of cultural product are applied 
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5 Conclusion and Recommendations 

The whole design process begins by field observation, which, with the assistance of 
service design tools, allows the designer to uncover and catalogue more systemati-
cally the gaps existing in the field, whereby to effective shorten the time of early-
stage design and observation without wild-goose chase-like exploration. That is 
followed by steps of design process, which reorganizes elements employable in 
product design through field analysis. This is literarily building the design database 
for cultural field to become basic data for extended application in future design. In 
establishing the design items, the observational results in Stage 1 are considered. 
The identified gaps are solved by designing, and relevant design factors are com-
prehensively compared. The directions of emotions and ideas, product functions, 
pattern styling, manufacturing techniques, and material application are also consi-
dered to produce the final design products at the final stage. These steps comprise 
the process of product design and development for the cultural field of Longshan 
Temple ( as shown Fig. 4).   

 

Fig. 4. Constructs in the process of product design and development for the cultural field of 
Longshan Temple 

The purpose of design processes is to minimize a black box process and thus make 
all design steps transparent. Unquestionably, the creativity and ingenuity of a design 
ultimately rely on the designer’s cumulative experiences and distinctive insights. 
However, we will still attempt to clarify the process steps of design in the hope of 
shortening the trial period involved.  In addition, we will be able to allow systematic 
assessments and analysis of the resources involved in local features during future 
planning on field tourism by local regions. This aim can be achieved through related 
tools and the design directions reorganized in this study, so that maximum benefits 
can be achieved.  
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Abstract. As an exploratory phase of the continuous study regarding tactile 
style of products, this paper employed semi-structured focus interview as the 
method to investigate and summarize whether people had more feelings to-
wards products with vivid and obvious style for future reference. Therefore, this 
study intended to 1. identify the design styles that provoked strong feelings for 
the reference of tactile style in the future; 2. file the representative products and 
major form features of the design styles; 3. construct a set of vocabulary for the 
further images evaluation on design and tactile style in the future. In this re-
search, 11 design experts were interviewed. All of them had long-term expe-
rience in design and profound understanding of design style. All of the inter-
views were videotaped and edited for a comprehensive analysis to yield results 
as follows: 1. In accordance with the frequency mentioned by the experts, 7 de-
sign styles for products that stimulate strong feelings were identified; 2.  
Summarizing the contents and forms of design styles, it was discovered that 
evolution of design style progressed incessantly like following a spiral path; 3. 
The representative products and their form features (shapes, materials, and col-
ors) of each design style  were classified; 4. The representative feeling images 
of each of the design style were obtained and summarized to derive a set of 28 
paired image words for further image evaluation. 

Keywords: design style, tactile style, product feature, image, semi-structured 
interview. 

1 Introduction 

Current researches regarding the issue of tactility are mostly focused either on the 
study of the relations between tactility and the materials, or on exploration of the  
image and cognition of the materials and textures, in terms of tactility, vision, combi-
nation of tactile and vision [5,6,10,11]. There are a few researches examine the dis-
crimination of materials and textures from the perspectives of tactility only, or vision 
and tactility together [1,7,13]. However, there are limited and insufficient studies 
exploring the integrated feeling of tactile style. Therefore, how to effectively and 
explicitly probe into the relationship between tactile, styles, and their corresponding 
images becomes important issue. This topic has also been the researcher’s long-term 
engagement. Regards as the exploratory phase of the long-term research, this study 
investigated and summarized the design styles of products that communicate strong 
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and salient feelings in relation to the forms, styles, and images of the corresponding 
products.  

Generally speaking, people acquire environmental information with five senses, 
which operate both independently and interactively. Moreover, each of these senses 
influences the operation of the other senses [12]. These feelings are regarded as syn-
esthesia, i.e. the stimuli of one particular sensory response may lead to other sensory 
responses [3]. Vision and tactility are interrelated regarding the evaluation of product 
image, i.e. synesthesia exists in the evaluation. The identification of the form of an 
object often depends on the information acquired through both vision and tactility. 
Therefore, this research aims to investigate products with explicit and vivid design 
(visual) styles for the reference of the study of tactile style of products in the future. 

In general, most studies investigate design style through two approaches. For ex-
ample, multidimensional scaling (MDS) is employed to construct people’s perceptual 
space of the stimuli, based on the data of differences among stimuli. With reference to 
the groupings pattern among stimuli in this space, perceptual (design) styles can be 
identified [4,9]. Second, it emphasizes the analysis of stimuli’ images to examine the 
similarities and differences of the feelings stimulated by the stimuli; stimuli with 
similar feeling are classified into same style. This approach focuses on the construc-
tion of a set of adjectives to evaluate the style images. With these adjectives, the im-
ages of the stimuli can be evaluated with semantic differential (SD) survey. Likewise, 
it is possible to group stimuli, according to their closeness of locations in this image 
space, into the same style  [2,7].  

From above, one is able to understand that if we intend to investigate styles and 
their corresponding feelings, we need to identify the appropriate styles for evaluation, 
to construct a set of image vocabulary as evaluation scale, and screen out proper the 
stimuli as the representatives for each style. Therefore, in order to start a complete 
investigation on tactile style and image, the goals of this study include the following: 
1. Identify the design styles that provoke strong feelings as reference for the study of 
tactile style in the future; 2. Categorize the representative products for each design 
styles and conduct morphological analysis to these products; and 3. Construct a set of 
image vocabulary for the further SD evaluation. These research findings will be ap-
plied to the study of tactile style and image of products in the future.  

2 Method 

In order to collect and summarize the salient design styles of products that stimulate 
strong feelings for studying tactile style in the future, this study conducts interview on 
11 design experts who have a master or doctoral degree, and more than 5 years of 
design teaching or practical design experience. During the interview, the design  
experts are required to list the product design styles resulting in deep and clear per-
ception as many as possible, and also to describe the features, such as the sensory 
perception, image and association of each style. At the meantime, the experts are also 
asked to list the shape, type and common material of the representative products for 
each style. The interview lasts for 1~2 hours or so. The entire interview process is 
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recorded in video, and the interview content is sorted in script after the expert inter-
view. Moreover, the interview content is integrated and summarized based on the 
question items. 

3 Results 

3.1 Identification of Salient Design Styles 

First, the items of style proposed by the expert interviewees were counted and com-
pared to facilitate choosing salient design styles for future analysis. Summarizing the 
design styles proposed by the 11 expert interviewees, 22 design styles were derived, 
as shown in Table 1.  

Table 1. Design styles proposed by the experts 

Scandinavian 
modern (4) 

Trans High 
Tech (5) 

Modernism 
(4) 

Minimalism 
(7)   

Archetyp
e (5) 

Memphis 
(5) 

High 
Tech (8) 

Ready-
made(5) 

Green 
design (6) 

     

Japanese Zen 
(3) 

Thai design 
(3) 

Streamline 
(2) 

Bio 
mimicry (3) 

Bauhaus 
(2) 

Pop art (2) Retro (1) 

Art  Nouveau-
Glasgow (1) 

Internation
al style (2) 

Art  Nouveau 
design (2)   

Postmodern
ism (3) 

Design 
humor (1) 

Alchimia 
(1) 

 

＊No particular reference for the style; ( ) the frequency of the item mentioned 

This table shows that the styles that were mentioned four times or more (mentioned 
by at least 4 experts) included: Trans High Tech, Scandinavian modern, High Tech, 
Archetype, Memphis, Modernism, Minimalism, Ready-made, and Green design. 
These 9 items are design styles that people are highly familiar with and well-known. 
After further examination of these 9 design styles, it was discovered that the contents 
and expressive means of Ready-made and Green design did not fit the purpose of this 
study. Therefore, these 2 design styles were excluded from this research. Finally, only 
7 of the 9 styles listed in the upper row of Table 1 were explored in this study.    

3.2 Connotations of the Design Styles 

This research summarized the connotations of the 7 design styles in accordance with 
the contents of descriptions about the styles provided by the experts. For example, 
four experts have mentioned the characteristic and special features about the style of 
Modernism. Therefore, the described contents of Modernism style by these experts 
were adopted for analysis with the KJ method. First, the keywords of the contents 
were extracted and written on index cards. Then, these cards were further classified in 
accordance with their similarity of meanings. The same process was applied to the 
analyses of the remaining styles until all 7 styles were analyzed and summarized.  

As can be noticed from the resulted affinity diagrams, the major constituting fac-
tors of each style consisted of: 1. The contents and context of the style; i.e. the  
experts’ insight of the particular styles which explicates the spirit and thinking of the 
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style; 2. Design core to indicate the concepts and features of the styles; 3. Constituting 
features; i.e. the performance and application of forms, colors, and materials referred 
to manifest the styles,; and 4. Perceptual image; including images with physical (feel-
ings provoked through tactility and vision) and psychological (preferences, emotions, 
and applications brought to users through styles) dimensions. In Table 2, the overall 
concepts of each style are summarized briefly. 

Table 2. Framework and concepts of the design styles 

Design styles Constituting 
items 

Contents 

Modernism 

Contents &  
context 

“Long-lasting”,  “Sustainable and inherited spirit”, “Thinking of 
traditional industrial design ”, “Utopian thinking” 

Design core 
“Simple and concise (the lesser the better) ”, “Practicality”, “Purpose-
ful design” 

Constituting 
features 

“Geometric and primitive form ”, “Simple and plain color ”, “Empha-
sis on the proper use of material and texture” 

Perceptual 
image 

“Psychological feeling (such as clean, boring, and more) ”, “Visual 
feeling (such as form, features, and more) ”, “Tactile feeling ”, 
“Physicality (such as usages, and more) ”, “Sociability ” 

Scandinavian 
modern 

Content & 
Context 

“Heritage of modernistic style ”, “Timeless”, “Balance among tech-
nological, naturalistic, and humanistic concern” 

Design core 
“Interaction between human and products”, “Correspondence of 
demand and function” 

Constituting 
factor 

“Application of both organic curves and clear-cut line”, “Utilization 
of local materials”, “Vivid and bright colors” 

Perceptual 
image 

“Psychological feeling (affinity to people, practical, and more) ”, 
“Visual feeling (such as form and color) ”,“Tactile feeling (such as 
cold, practical, or physical) ” 

High Tech 

Content & 
context 

“Similar to Modernism”, “Pro technological thinking”, “Conveying 
the thinking of the times” 

Design core “Mass production for industrial purpose”, “Creation with technology” 
Constituting 
features 

 

“Geometrical and modular configuration”, “Fine processing ”, “Li-
mited but vivid and bright colors”, “Use of industrial materials” 

Perceptual 
image 

“Psychological feeling (positive feeling and perspective) ”, “Visual 
feeling (such as special form feature) ”, “Tactile feeling (such as 
practicality and physicality) ” 

Minimalism 

Content & 
context 

“Complies with Modernism”, “Anti-Post Modernism (Memphis) ” 

Design core 

“Insists on simple forms”, “Depends on technological presentation ”, 
“Ultra-simple and keep on basic functions (but thoughtful func-
tions) ”, “No excess thinking”, “Emphasis on visual representation 
(form and constitutive style) ”, “Less design” 

Constituting 
features 

“Geometrical and simple forms”, “Use of hue-less color (black, white 
and grey) ”, “Use of industrial materials”, “Expression of the mate-
rials’ texture” 

Perceptual 
feeling 

“Psychological feeling (indifference, practicality, Zen, and more) ”, 
“Visual feeling (such as features of materials and forms) ”, “Tactile 
feeling (such as physicality and practicality) ”, “Other (sociability) ” 
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Table 2. (Continued) 

Archetype 

Content & 
context 

“Anti- Post Modernism”, “Similar to Minimalism ”, “Recalls the 
ideas of Oswald Mathias Ungers ”, “The ideas of Aldo Rossi”, “The 
ideas of Philippe Starck” 

Design core 
“Collage of geometrical forms”, “Use of meaningful form”, “Use 
objects’ primitive shapes” 

Constitutive 
features 

“Simple form”, “Mild colors, the materials’ original colors”, “No 
particular restriction on using materials” 

Perceptual 
image 

“Psychological feeling (such as familiarity) ”, “Visual feeling (such 
as features of forms) ”,  “Tactile feeling (such as physicality) ” 

Trans High 
Tech 

Content & 
context 

“Anti High Tech’s style”, “Presents the thinking of the time this style 
developed (pessimistic, anti-war) ”, “Expresses distrust towards 
technology” 

Design core 
“Emphasis on designer’s sentiments and purpose”, “Non-mass pro-
duction ”, “Symbolic” 

Constituting 
features 

“Incomplete and irregular forms”, “Dull colors”, “The use of multiple 
materials” 

Perceptual 
image 

“Psychological feeling (negative viewpoint and feeling) ”, “Visual 
feeling (such as form and materiality) ”, “Tactile feeling (materiali-
ty) ” 

Memphis 

Content & 
context 

“Anti-Modernism”, “Retro style”, “Challenge to conventional think-
ing”, 

Design core 
“Expression of conflict”, “Feature of contrast ”, “Characteristics of 
Hippies ” 

Constituting 
features 

“Diverse forms”, “Emphasis on decoration”, “Rich in using colors”, 
“Combination of various textures” 

Perceptual 
image 

“Psychological feeling (funny) ”, “Visual feeling (such as decorative, 
colorful, and more)” 

 
In Table 2 shows that each style has its own thinking, ideas, meanings, and consid-

erations in design; therefore, they are different in form and constitution. In addition, it 
was discovered from the experts’ descriptions in the interviews that there was certain 
developing pattern between these styles. From their interrelationship, it was clear that 
the changes and development in styles moved along a continuous line. They were 
repetitive and fluctuating. In other words, the transformation in design styles likes a 
continuous spiral. Indeed, styles progressed in endless cycles (from complexity to 
simplicity and vice versa). With the progression in time, styles demonstrates their 
unique features; sometimes they may display similar contents but without overlap-
ping. As a result, design styles are becoming more diverse and interesting.   

3.3 Representative Products of the Mentioned Styles and Their Design 
Features 

The research then continues to analyze the contents of the “constituting features” of 
the mentioned styles and their corresponding designs from the description collected in 
the interviews. The KJ method was employed again for this analysis; the concluded 
constituting features and contents of each style is summarize in Table 3.  

From Table 3, we can observe the slight differences in form constitution among 
some styles, such as Modernism, Scandinavian modern, High Tech, Minimalism, and 
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Archetype. Although all these styles inherited simplicity and plainness in form, forms 
of Modernism were developed in accordance with the rule of “Form follows func-
tion,” whereas the simple and concise forms of Scandinavian modernism were ac-
companied by organic forms.  Regarding High Tech, it employed the features of 
production aided by technology, which was manifested through the exposition of 
structures to display the beauty of structure and production with technology. In addi-
tion, its geometric form was the reflection of the features of the modular structure. In 
an opposite manner, the salient feature of Minimalism was completely decoration 
free, trying to conceal all sorts of structure. It also demanded less in terms of form, 
color, and materials. Finally, Archetype, manifesting as another kind of ultra-
simplistic form, was a response to people’s longing for genre and meaningful forms 
with simple geometric forms. For Trans High Tech, it worked contrary to the features 
of High Tech. It demonstrated features of non-mass production, such as irregular, 
unsmooth, unsteady, and imperfect feature in form and texture. Memphis emphasized 
visual effects. It focused on decorative features, diverse colors, and more, demonstrat-
ing form with strong visual effects.  

Table 3. Constituting features and contents of the design styles 

Design styles Constituting fea-
tures 

Contents 

Modernism 
 

Geometric and 
primitive form 

“Simple forms and simple lines”, “No excess decorations, 
Form follows function”, “Simple structure design”, “Confi-
gured by circle, square, or lines” 

Simple colors 
“Simple colors”, “Frequent use of black, grey and white”, 
“Metallic color (materials’ original colors)”  

Emphasis on the 
choice of material 
and texture 

“No limitation in adopting materials”, “Mainly use new and 
mass produced materials”, Use mainly metal, such as steel, 
stainless steel, steel pipes, curved pipes, with leather” 

Scandinavian 
modern 

Organic curves and 
clear-cut lines 

“Transformation and extract from natural and bionic forms”, 
“Use both organic curves and clear-cut lines”, “Simple and 
primitive surface finishing ” 

The use of local 
materials 

“Local feel; use local materials”, “Use natural materials 
(wood) ”,“No limitation in adopting materials” 

Vivid and bright 
colors 

“Use bright and vivid colors to cheer up the mood casted by 
cold climate”, “No limitation on using color scheme”, “Use 
materials’ original colors” 

High Tech 

Constituted by 
geometric forms 
and modules 

“Mainly geometric lines”, “Exposed structures (displayed 
through glasses) 
“Modular assemblage”, “Geometric configurations (circles and 
squares) ” 

Processing 
“Emphasized on forms made with technology (by bending, 
fretwork, perforation, stamping) ”, “Accurately calculated 
with the computer ” 

Few but strong 
colors 

“Use materials’ original colors(metallic color) ”, “Simple 
colors”, “Bright colors 

The use of industri-
al materials 

“Industrial materials for mass production (plastic, fill-seal 
board, cement, inflated sandbag, alloy, steel parts, stainless 
steel, steel plates, aluminum) ” 
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Table 3. (Continued) 

Minimalism  

Geometric forms, 
simple forms 

“Regular and systematic formation ”, “Hidden design”, “Geo-
metric forms, simple, concise”, “Shrinking of form volums, 
simple structures”, “Application of primitive forms”, “Design-
free, decoration-free” 

Use no color 
“Very simple color”, “Use cold colors, such as black, white, 
and grey”, “Retain materials’ original colors”, “Avoid using 
warm colors” 

Application of 
industrial materials 

“Application of industrial materials (with little limitation) ”, 
“Few materials, simple texture”, “Use very few composite 
materials ”, 

Representation of 
materials’ quality  

“Smooth or matted surface”, “Mainly represent the materials’ 
features” 

Archetype 

Simple forms and 
compositions 

“No decoration, simple forms”, “Application of meaningful 
forms”, “Assembled with very basic geometric forms”, “Use 
the very genre form of the objects” 

Mild color, display 
the materials’ colors 

“Use of mild colors”, “Use pale colors ”, “Display materials’ 
original colors”, “No color coating, or electroplating” 

No limitation in 
adopting materials 

“No limitation in adopting materials”, “Use of specials mate-
rials” 

Trans High 
Tech 

Incomplete and 
irregular forms 

“Irregular forms”, “Organic curves”, “Irregular surfaces”, 
“Symbolic form” 

Dark and dull color 
“Use of dark and dull colors”, “Rusty brown ”, “Massive use 
of vivid red as the key color”, 

Use of multiple 
materials 

“Use of industrial materials (similar to High Tech) ”, “Natural 
materials (such a cement, rotten wood, leather) ” 

Memphis 

Diverse forms 
“Bionic form (animals) ”, “Organic forms”, “Classical forms”, 
“Irregular forms” 

Emphasis on deco-
ration 

“Use special patterns”, “Diverse patterns”, “Imitation of dif-
ferent materials’ textures (imitation of plastic) ”, “Diverse, 
conflict, exaggerated and excessive visual decorations” 

Rich colors 
“Rather strong in color scheme (contrast colors) ”, “Rather 
bright in color”, “Diversified color scheme (with many col-
ors) ” 

Little variations in 
using materials 

“Infrequently using of special materials”, “Frequently using of 
Melamine sheets ” 

 
Considering the adoption of materials, some styles had preference for particular 

kinds of materials. Modernism, for example, preferred using metal or curved pipes of 
stainless steel. Scandinavian modern tended to use wood, and Memphis, decorative 
melamine sheets. Overall, for practical purposes, industrial materials were mainly 
adopted. Although there were certain degrees of overlapping in their choices of mate-
rials among some styles, it was still possible for us to distinguish the design styles 
into two major categories: ones with emphasis on materials’ original properties (Mod-
ernism, Scandinavian modern, High Tech, Minimalism, and Archetype) and the ones 
without emphasis on materials’ original properties (Trans High Tech and Memphis).  

The representative designs corresponding to each design style identified by the ex-
pert interviewees then were summarized in this stage. Experts raised many examples 
of buildings as representative designs. Since this study aimed to investigate the design 
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Fig. 1. Representative products of the design styles 

styles of products, therefore, examples regarding architecture were not discussed in 
this paper. As for the descriptions and information of the products, products’ names, 
forms, styles, and brand names mentioned by the experts were recorded and summa-
rized. The representative products, the most frequently mentioned and clearly de-
scribed products, of each style were summarized in Figure 1.  

3.4 Perceptual Image 

Finally, the perceptual feelings of each design style raised by the experts were sum-
marized. The vocabularies of the feelings (in physical and psychological dimensions) 
proposed by the experts for each style were identified and integrated in accordance 
with the similarities of meaning. Psychological feeling, visual feeling, and tactile 
feeling are the three major aspects of feeling on design style. They either co-exist or 
overlap. Thus, these adjectives were then classified into categories of psychological, 
visual, tactile dimension, or the other, if they don’t fit into these categories.  Conse-
quentially, the related perceptual feelings and images of each style were derived, as 
shown in Table 4. 

Modernism 

 

Scandinavian modern 

  

High-tech 

 

Ultra- 

simplistic      

Archetype 

  

Trans high-tech 

  

Memphis 
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Table 4. Perceptual image of the design styles 

Design styles Feelings Details of feelings 

Modernism 

Psychological Humanistic, clean, dull, technological, monotonous, efficient 

Visual 
Simple, clear-cut, non-decorative, non-colorful, simple, modest, 
pure, meek 

Tactile Functional, purposeful, unobvious, smooth, sharp, hard, 
Other Long-lasting, always in-fashion 

Scandinavian 
modern 

Psychological 
Home-style, vivid, interesting, pure, transparent, harmonious, sim-
ple, clean, low profile, convenient, considerate, tender, warm, close-
ness, concordant 

Visual Rich in color, bright, not icy, not hard, warm, daring color, organic 

Tactile Soft, tactile oriented, usable 

High-tech 

Psychological Rough, technological, cold, coarse, lofty, inapproachable 

Visual 
Accurate, transparent, bright, simple lines, meek, module, bright, 
shiny, loyal, steady, conflict, calm 

Tactile Cold, infrequent interaction, solid, stable 

Minimalism 

Psychological 
Plain, cold, clean, silent, non-humanistic, monastic, remote from 
people 

Visual Hard, simple, good looking, not handy, cold tone, cold, plain 

Tactile 
Limited tactile, not strong, not obvious, low profile, not warm, 
angular, hard, flat, sharp 

Others Long-lasting, always in fashion 

Archetype 
Psychological 

Steady, not dangerous, warm, familiar, surprising, stunning, conflict, 
attractive 

Visual Light colors, mild, no decorations, simple, pastiche, meek 
Tactile Conflicted, rough, not strong 

Trans high-
tech 

Psychological 
Fancy, strong feeling, repressive, ironic, interesting, messy, lively, 
decadent, scared, dangerous, unstable, conflicted, passive, disgusting 

Visual 
Incomplete, broken, wrecked, decadent, rusty, weird, paradoxical, 
deranged, complicated, not safe, cold, dark 

Tactile Not handy, hesitant to use 

Memphis 
Psychological Interesting, hippies, typical, retro style, contrast, strong 

Visual 
Decorative, bright colors, organic, contrast, conflict, exaggerating, 
morphing patterns 

 

It can be found from this table that, indeed, there are particular feelings for differ-
ent styles. In other words, different styles may stimulate different feelings. However, 
at the same time, different design styles share some common feelings in visual, tac-
tile, and psychological dimension. In general, form features and colors, mainly ap-
pealing to vision, are the major source stimulating the feelings corresponding to 
styles, first. Psychological and tactile feelings come later. Moreover, the materials’ 
properties will simultaneously affect tactile and visual feelings. Then, they will fur-
ther stimulate psychological feelings. Some feelings in different dimension overlap 
and are interrelated; for instance, if an object looked cold, it gave people the feeling of 
coldness and then, it further made people feel tranquil and cold. Therefore, this re-
search integrated similar feelings in visual, tactile, and psychological dimension. Then 
similar or opposite words of feeling in different style were further combined and 
coupled into opposite adjective pairs. Finally, 28 opposite adjective pairs were sum-
marized, as shown in Table 5, for further SD evaluation on styles. 
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Table 5. Vocabulary for feelings 

Ironic-
praiseworthy 

Long-lasting -
outdated 

Steady-
unstable 

Funny-
boring 

Lively-dull Hard-
soft 

Simple-
complicated 

Conflict-harmonious Geometric-
organic 

Smooth-
coarse 

Clean-messy Pure-
fancy 

Decorative-plain Pessimistic-
optimistic 

High-class-
cheap 

Safe-
dangerous 

Close-
alienated 

Bright-
dark 

Daring-
conservative 

Humanistic-non-
humanistic 

Calm-
passionate 

vivid-
colorless 

Rough-
delicate 

Cold-
warm 

Diverse-
monotonous 

Low tactile-tactile 
oriented 

Technological-handmade Good looking-loathsome 

4 Conclusion  

The results of this research are summarized as follows: 1.The experts identified 7 
salient design styles which were used frequently in daily life, including Modernism, 
Scandinavian modern, High Tech, Minimalism, Archetype, Trans High Tech, and 
Memphis. 2.From the descriptions of the styles, it was discovered that styles had a 
strong legacy. The changes in the form and content of the styles tended to be a trans-
formation from complicated to simple, and the other way round. Overall, it consti-
tuted a progressive spiral. 3.Regarding the styles, there were fixed relations between 
perceptual images and experiences. There were also obvious differences in expressing 
tactile feeling and visual feeling.  4.Regarding the descriptions of perceptual expe-
riences, the description of form and color received more attention. Meanwhile, the 
tactile feeling was derived from the contact with texture of products. However, voca-
bulary and adjectives were used commonly in both areas. Furthermore, psychological 
feelings were furthered provoked by vision and tactility.  5.Consequentially, a set of 
common feeling vocabulary was summarized from the design styles discussed in this 
research. There are 28 pairs of image vocabulary that could be used in the further SD 
evaluation on design styles. In conclusion, the findings of this research can be treated 
as worthy references for academic studies of tactile styles of products. The feeling 
vocabulary regarding the styles can be used as references by researchers in conduct-
ing similar semantic evaluations. For the designers, these adjectives can also be ap-
plied in their design of the product form.  
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Abstract. There are plentiful and diverse culture assets and local sources in 
Taiwan, and thus the national soft power has been valued gradually, the tradi-
tional craft industries also being focused as well. Koji pottery art has essential 
place in the architectures of Taiwan tempos, and it was considered as the repre-
sentation of gods in the local belief which was sacredness in Taiwan. However, 
the elaborate Kogi pottery art which was applied in tempo architectures is inter-
grading in people’s life at home due to the constructive promotion to cultural 
creative industries from the government. Therefore, the study collected and  
discussed the develop status of Kogi pottery crafts via literature analysis exten-
sively, as well as to explore the differences of the traditional implements that 
introduce to life art and analyze the styles via morphological analysis. The 
study has three conclusions as follows: 1. New opportunity can be created by 
introducing cultural creative ideas to Kogi pottery industry which allow it trans-
forming to elaborate craft industry from traditional one. (2) Kogi pottery art 
work still has the unique style by describing abstract implications through con-
crete forms. (3) Kogi pottery is trending toward simplification but nonetheless 
retains its symbolic meaning and achieves its goal of continuing its cultural  
heritage. 

Keywords: Kogi, cultural creativity, style. 

1 Introduction 

1.1 Background and Motive of This Study 

Taiwan is located at the transportation hub of the Pacific Ocean, and has been influ-
enced culturally by countries including Spain, Holland, China, and Japan, which has 
resulted in its current diverse form of culture and further evolved into Taiwan’s own 
unique culture. Traditional art plays an integral role in the evolution of history and 
culture, allowing history to pass down through the ages under the interpretation of 
works of art. Of the many existing traditional craft industries, Kogi pottery art is of 
the most important in Taiwan’s temple architectures. Its colorful opera figures made 
from glazed plastic pottery along with the included illustrations of landscapes or floral 
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patterns as well as its integration with multicolored stained glass have created rich 
styles and colors, and resulted in unique temple styles, becoming an integral part of 
temples in Taiwan (Chuan-Hu Jiang, 2005). Kogi pottery is an art form that uses real 
imagery to express abstract concepts and thoughts, and expresses traditional Chinese 
philosophies through history, culture, and legend, serving as a strong means of inner 
education of the mind and soul. 

In the past, Kogi pottery was limited to décor for temple architectures. In folk be-
liefs, Kogi potteries are tools used by the gods, and therefore give people a holy im-
pression. In recent years, however, cultural creativity has taken the globe by storm, 
and countries around the world are actively enhancing the cultural strength of their 
countries promoting their country’s cultures. In Taiwan, the government is also ac-
tively promoting the cultural creativity industry and emphasizing local characteristics. 
Therefore, traditional crafts are once again in the spotlight. With its fine craft and 
artistic aesthetics, traditional crafts are entering people’s everyday life, which is creat-
ing a whole new opportunity for arts and crafts. 

In addition to analyzing the historical background of Kogi pottery, this study also 
looks into the meaning of Kogi pottery art work in traditional temple architectures and 
explains the significance of incorporating Kogi pottery art into aesthetic aspects of 
our daily lives. Furthermore, 50 Kogi pottery art artifacts have been collected from 
the Internet and various books for this study, and type analyses will be conducted to 
provide a categorization of their styles, thereby providing a basis to related industry 
vendors for producing innovative products. Research objectives include: (1)To look 
into the difference in meaning of Kogi pottery art when used in temples and in day-to-
day art.(2)Analyze the style in which Kogi pottery art is incorporated into everyday 
aesthetics. 

2 Literature Review 

2.1 The Origin of Kogi Pottery 

Kogi is a form of low-temperature soft pottery that is colored and glazed. Its forma-
tion temperature is between 500 and 800 degrees. It is also called “Kogi burns” or 
“Kogi clay.” The coloring style of Kogi pottery has been influenced by the colors 
produced in Jing-De-Zhen of Shanxi Province, glass art, and western Cloisonné. From 
early single-color works, to subsequent tri-color and five-color works, Kogi pottery 
have now evolved to include multiple colors (Chiayi Government Department of Cul-
tural Affairs, 2012). During the Japanese Meiji era, Japanese scholars discovered that 
the Kogi pottery found on the Indochina Peninsula originated from Canton Pottery, 
and therefore Canton Pottery was called “Kogi Clay” in the Japanese antiques indus-
try. During this period, it was said that King Yeh was a disciple of a craftsman of 
Canton Pottery, therefore the Japanese called pottery produced in the Chiayi area 
Kogi Burns (Chuen-Yue Li, 2005). Kogi pottery in Taiwan is mostly used in temple 
architecture. Its rich glazed coloring mostly tell stories of folk beliefs, traditional 
teachings, loyalty and comradely, as well as other historical tales. They not only serve 
as decorations for the architectures, but also serve to teach people valuable lessons. 
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Kogi pottery that is produced in low temperatures and formed with glazed colorings 
has styles and shapes that almost come to life. In addition, cut-and-paste techniques 
also add additional layers and depth to these high-quality art pieces. 

Kogi Pottery Used in Temple Decoration. Kogi pottery in Taiwan is mostly used 
for the decoration of temples. Yi-Zheng Shieh (2009) consolidated the contents of 
publications from various experts and found that themes include literature and history, 
folk stories, Buddhism and the worshipping of gods, as well as landscapes and ani-
mals, as organized and shown in Table 1. 

Table 1. Themes used in Kogi Pottery for Temple Decoration in Taiwan (Yi-Cheng Shieh, 
2009 and this study) 

Item  Type Themes 
Literature 
and Histori-
cal Themes 

History  Tales of the Gods, Tales of the Three Kingdoms, Tales 
from the Tang Dynasty, Tales from the Sui and Tang 
Dynasties, Tales of the Tang Moon House, and the 
Soldiers and Generals of the Yang Family 

Literature 
and Legend 

Tales of Myths, Literary Stories, Operas and Novels, 
and Poems and Rhymes 

Folk anec-
dotes 

Social educa-
tion 

Filial story, Carps Jumping over the Dragon Gate, 
pursuit of longevity in Mount Nanping. 

Good omen Birth delivered by Kirin, extraordinary wealth, official 
promotion, auspicious eight treasures, fortune delivered 
by Guanyin; The fisherman, the woodcutter, the farmer, 
and the scholar. 

Fairy Budd-
hist 

Religious 
worship 

The Eight Immortals, Guanyin, the three gods of for-
tune, prosperity and longevity, the eighteen Arhats, the 
four spirits, the five spirits, and the dark eight immor-
tals. 

Landscape 
with animals 
and birds 

Good harvest All kinds of grains, fish, shrimp, crap, clam, twelve 
Chinese zodiac. 

 
The temple is the center of Chinese folk beliefs, and the topics utilized by Kogi 

Pottery are closely related to Chinese traditional society and folk beliefs. By recording 
the abstract myths and historical background in the appearance of the temple through 
Kogi Pottery, we have not only beautified the temple appearance and made it look 
solemn, but also achieve the goal of educating the audience based on these themes. 

2.2 The Definition of Style 

The term “style” was applied to the form design since the beginning of 16th century. 
In mid-19th century the definition of style became the central concept of design and 
art history. The style includes aesthetics not only from visual appreciation but also 
involving sensory perception and experience. Therefore the style has been regarded as 
a kind of methodology and become the central concept of fundamental design and art 
history from which various different forms of styles have been developed. The discus-
sions by domestic and foreign scholars related to style are as shown in Table 2. 
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Table 2. The definition of style (summarized by this study) 

Year Scholar Definition 

1963 Kroeber 
A system with coherent ways or pattern for dealing with certain 
thing. 

1989 Walker 
The styles have been formed and developed by different special 
social ethnic groups as a method for them to communicate with 
other social ethnic group and to ensure own identities.  

1994 
Ming-Jeng 
Chuan 
Jun-Jih Chen 

The style refers to the combination of art characteristics within 
certain specific time frame and region. The presentation of 
style is the specific demonstration of contemporary culture.  

2000 
Jun-Cheng 
Sheu 

The presentation of design style and the use of factors will be 
different along with the advancement of technology and the 
media revolution. There will be representative design styles in 
different time periods.  

2001 
Guei-Feng 
Lee 

Style is the upper level structure of relics, while material is the 
lower level structure of relics. The former is spiritual, while the 
latter is materiality.  

2.3 Artwork of Life 

The traditional crafts can include a part of folk relics. The artworks are with folk 
attributes yet they are not the same as folk relics. The criteria of discussion and evalua-
tion are functionality, aesthetics, pattern, decoration, production technology, and cultur-
al meaning (Shou-Ying Jiang, 2005). In the past, the crafts were often used for temple 
buildings or housing decoration of local gentry. However, along with the changing 
times, the Taiwanese traditional culture has been under the impact of Westernization 
and the emergence of minimalist style such that the traditional crafts have been gradual-
ly phase out. Stimulated by the aggressive promotion of cultural creative industries by 
our government, the traditional industries get to start over with a new look. The art-
works developed now are no longer only for the temple buildings. They have also been 
introduced to daily lives after miniaturization thus leading to the birth of artworks of 
life. They have become the decorations in our lives leading to creation of new value.   

3 Research Methods and Process 

3.1 Research Methods 

1. Literature review: the analysis and comparison based on literatures for understanding 
the cultural context of the art of Kogi Pottery and investigating its value and essence.  

2. Sample analysis: it is mainly the detailed analysis based on collected literature 
sample data which can be photographs, literatures, statistics, or specific objects. 
All components of sample data should be summarized and arranged systematically.  

3. Morphological analysis: the morphological analysis is to classify all independent 
factors for conducting analysis in accordance with each independent and complete 
component database system (Norris, 1963). In this study we focus on the detailed 
analysis on the forms, colors and styles of Kogi Pottery samples in order to under-
stand the product features and meaning, and analyze its style vocabulary. 



 

3.2 Research Process 
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being auspicious and protective can still be seen while the simple and cute realistic 
style is created. 

Type of Kogi Pottery Art. The types of kogi pottery art differ according to the place 
where it is placed. The style design is used in decoration for which most of them are 
designed with reference to the sculptures nearby temples. As for the design of the wall 
decorations, the traditional meaning is maintained which gives a realistic style. In 
terms of the hanging ornaments, most of them are created using abstract shape and 
lines yet due to the small size, most of them look cute. 

4.3 Comparison Analysis on the Meaning of Kogi Pottery Art 

In the research, the elements of the application are divided into figure, mythical crea-
ture and animal. The representative elements of their uses in temple art and living art 
are compared and analyzed in terms of their representative meaning. The results are 
shown in Table 7. 

The application elements of kogi pottery art are closely related to the traditional 
implications. Whether it is the history of the figure, the symbol of the mythical crea-
ture or the nature of the animal, all of the symbolic meanings are maintained to let 
kogi pottery art to be easily accepted by people, which also allow people to believe 
the function of the art is exactly the meaning represented.     

Table 7. Comparison analysis on kogi pottery in temple decoration and living art (as revised in 
the research) 

Element Temple Art Living Art  Comparison Analysis 
Fig-
ure 

For-
tune, 
Pros-
perity, 
Lon-
gevity 

The gods worshipped by 
the general public, which 
are taking charges of 
giving fortune, promoting 
people to a higher rank and 
allowing people to live 
longer. 

They have the 
meaning of lots of 
fortune, great 
career promotion 
and longer life.   

With semantic referral, the 
meanings represented by the 
elements are the same as the 
meanings of the words.  

Mazu Worship: with the meaning 
of having mercy and giving 
bless.   

It has the meaning 
of giving bless 
and protection. 

While borrowing the image of 
Mazu having mercy, it is used 
in daily life and has the impli-
cation of giving blessed.  

Lord 
Empe-
ror 
Wen-
chang 

Worship: with the meaning 
of intelligence  

It has the meaning 
of praying for 
good exam results 
and passing ex-
amination. 

The meaning of being intelli-
gent is applied as to relate to 
the modern examination system 
while emphasizing on the 
meaning of passing examina-
tion successfully. 

Myth
ical 
Crea
ture 

Dra-
gon, 
Phoe-
nix 

Ancient mythical creates 
which have the meaning of 
providing protection.  

Symbols of in-
fluential officials  

The symbolic meaning of the 
mythical creatures is used 
directly for which they 
represents winners. 

Qilin It has the meaning of 
auspiciousness and sympa-
thy. 

It has the meaning 
of being auspi-
cious. 

The meaning of the word is the 
same as the meaning of the 
word in the ancient times to 
emphasize on the significance.  
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Table 7. (Continued) 

An-
imal 

12 
Chi-
nese 
Zodiac 
ani-
mals 

In the ancient times, the 
years were divided into 12 
terrestrial branches, for 
which each of the branch 
has a representative ani-
mal. The nature of the 
animal is used to give each 
of them special meanings. 

Each animal has 
its own represent-
ative meaning for 
which all of the 
animals share the 
meaning of giving 
protection.   

The representative meaning of 
the nature of each animal is 
applied in the design of the art 
to emphasize on the meaning of 
giving protection. 

Tiger It has the meaning of 
giving protection and is 
also the symbol for dignity 
and power. 

It is the symbol 
for dignity and 
power.  

The traditional meaning is used 
directly to add value of collec-
tion.   

Ele-
phant 

The word for elephant 
sounds like auspiciousness 
in Chinese which gives the 
meaning of being happy 
and auspicious. 

As elephants drink 
water with their 
nose and water is 
related to good 
fortune, it gives 
the meaning of 
accumulating 
great fortune. 

The meaning of the word 
comes from the meaning of the 
word that sounds like elephant 
and the nature of elephant 
which give two different mean-
ings.  

Lion  Most of the lions seen are 
stone sculptures and sym-
bolize power and authority 
which give protection to 
the temple.   

The images of a 
lion are used to 
design sword lion 
and Fu lion which 
have the meaning 
of keeping devils 
away and bringing 
good luck.  

As the lions are the king of all 
animals, it has the image of 
having authority. The meaning 
of it has transformed from 
"house guarding" to seeking 
luck and avoiding calamity. 

5 Conclusion 

The aim of the research is to discuss the differences between kogi pottery art in tem-
ples and kogi pottery art in living art while analyzing the style of kogi pottery art in 
living art. The information used in the research are collected via international and 
domestic literature, photo samples shoot by the researcher and photo samples found 
on the Internet. Through comparison analysis, the differences in the meanings of kogi 
pottery art in temple and living art are understood. Lastly, with morphological analy-
sis, the style of the living art is analyzed and understood. The overall research results 
can be concluded into three points as follows: 

1. New opportunity can be created by introducing cultural creative ideas to the kogi 
pottery industry, allowing it to transform from a traditional industry to a refined 
craft industry.  

2. Based on the ways of using and the differences in function, there are different 
types of kogi pottery art, for which the iconic shape is used to illustrate the abstract 
meaning and create the unique style.  

3. The shapes of kogi pottery art are tended to the simplified yet the symbolic mean-
ings are maintained to accomplish the goal of cultural heritage.    
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Abstract. The rapid development of computer and internet technology has led 
to human beings’ society into the era of information, and brought certain influ-
ence on the modern design and innovative design. Moreover, product design is 
now emphasizing on design ideology such as Humanisms, Culture and People-
Oriented design. That is products serving for users and all their shapes, func-
tion, color, material and structure showing the respect and care for their users, 
furthermore, they are endeavoring in providing some virtual using experience 
including Humanities, History, Emotion, Joviality and Security. Recently, natu-
ral disasters such like earthquake, snowstorm, fire, typhoon, flood and drought 
always cost enormous casualties and economic loss. As a result of the govern-
ment’s popularization and promotion of disaster prevention and rising aware-
ness of the meaning of safety, emergency products come up to exist in our daily 
life. However, emergency indications would send people a sense of fear, which 
should lower their life quality. New ergonomic, mainly based on researching 
methods as Physiology, Psychology and Anthropometry etc., and gives promi-
nence to some interdisciplinary subjects, for example, Social Psychology and 
Economics etc. It is focusing on service system and ergonomic issues. On the 
topic of disaster emergency design, this paper suggests three researching me-
thods for it: PDCA model, Quantitative Analysis, Semantic Differential. Then 
how could Emergency Products produce high life quality? The essay records the 
researching theorization which has been used before. They are based on the 
people-oriented ideology, through in four phases of the establishment of the de-
sign goals (design target selection and judgment), the preliminary design (un-
derstanding and analysis of the design goals, design concept engineering), deep 
design (product detail design) and design confirmation (completion of the de-
sign goals) to practice and research. 

Keywords:  Emergency Products, Modern Living Quality, New Ergonomics, 
Product Service Design. 

1 Introduction 

Thanks to the computer information technology and the rapid development of inter-
net, human beings’ society had been led into the era of information, which has also 
caused great impact on the modern design environment and innovative design ideolo-
gy. Based on the traditional decor and modern functionalism , product design is  
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emphasizing on design ideology such as Humanism, Culture and People-Oriented 
design. That is products serving for users and all their shapes, function, color, material 
and structure showing the respect and care for their users, moreover, they are endea-
voring in producing some virtual using experience including Humanities, History, 
Emotion, Joviality, Safety. 

Recently, natural disasters such like earthquake, snowstorm, fire, typhoon, flood 
and drought always cost enormous casualties and economic losses. As a result of the 
government’s popularization and promotion of disaster-prevention policies and rising 
awareness toward safety, emergency products come up to exist in our daily life. 
While, their existing as the emergency indications (Fig. 1) must have sent people a 
sense of fear, which should affect their life quality. 

 

Fig. 1. Emergency Indications 

Design comes from life and it should always serve for life. When comes to the de-
sign of emergency products, designers need to feel their clients’ requirements so as to 
change the unreasonable elements in design, and make the products reach the rational-
ity of function and structure as well as the harmonious relations of shapes, color and 
the environment. Thus the real High Life Quality experience can be provided to 
people. 

If we describe the industrial age as the Materialistic Society, in which value is 
created from tangible products. Then era of information can be described as Unmate-
rialistic Society, a digital society of information or service where value is created 
from intangible information. Now we are upon the edge transferring from Materialis-
tic Society to Unmaterialistic Society. People’s emotional requirements are chang-
ing from function to behavior and mentality as well. Design’s conversion from Mate-
rialistic to Unmaterialistic means after the basic function people are now pursuing 
emotion, an unmaterialistic request. And that is what immaterialized product design 
exactly is. 
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2 The New Ergonomic Researching Methods of Disaster 
Emergency Design 

Apart from Physiology, Psychology and Anthropometry, the new ergonomic gives 
prominence to some interdisciplinary subjects, for example, Social Psychology and 
Economics etc. And it emphasizes  the service system design and ergonomic issues. 
On the topic of disaster emergency design, here are the main new ergonomic methods 
I’d like to mention.   

2.1 PDCA Model 

PDCA model was evaluated from the PDCA model improved by American Quality 
Management Specialist. There are four steps: plan-do-check-act cycle model (Fig. 2). 
PDCA model is feasible for each emergency product design task. And the P stands for 
design working Planning, including the confirmation of directions, target and asso-
ciated activities. The D, means Doing, is the realistic execution of design work and 
process to realize the design target. The C, indicates design Checking, is to find out 
the existing issues in design procedure or from the result. Finally A, representing 
taking action to the design issues, is the judgment to the design check. The successful 
design experience should be praised and modularization together with standardization 
that should be popularized. The failure should be summarized to avoid in the next 
design work. Then, the remaining issues will go to the next PDCA cycle. (Fig. 2) 

 

Fig. 2. PDCA model 

2.2 Quantitative Analysis 

The innovative activity of design should never leave the analysis towards data and 
information. Hence quantitative analysis claims its necessity. Associated with Kansei 
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Engineering, quantitative analysis means using quantified standards to measure 
things. And that might give people a better knowledge of subjects; therefore people 
could reveal the nature of things, the development patterns and the relationships be-
tween them scientifically. All in all, quantitative analysis focuses on the issues of 
Quantity, finds out traits and logical relation among all elements and finally computes 
and analyzes with the mathematical model. Quantitative analysis requires mathemati-
cal knowledge. And factor analysis, principal component analysis and cluster analysis 
are the most common models [5]. 

2.3 Semantic Differential 

Semantic differential is one of the most useful means in researching consumers’ per-
ception. American Psychologist Charles E. Osgood invents the semantic differential 
in 1942. The method combines assessment procedure and association to study the 
psychological image of testers. It was originated from the study towards accompany-
ing sensation. And the accompanying sensation is the feeling of some sense percep-
tion while others perception is stimulated. For example, music may transfer us images 
of mood and color. The SD contains subjects, testers, concepts and measurements. 
The subjects can be abstract or realistic either. The measurements are pairs of oppo-
site adjectives. And to gain more stable data, it requires at least 30 testers. Osgood 
raised two adjective-collecting methods, association and documents investigation. 
The first one is to collect the testers’ first impression of the given concept . And the 
other one is to exact vocabulary concerned about the concept from articles and dictio-
nary. Usually, there come 5 to 7 selecting levels in each evaluation. Then testers are 
asked to choose, with their perceptual feeling, the level to reflect subjects [5]. 

3 The Design Procedure for Emergency Products under the 
Instruction of New Ergonomics 

3.1 Establish the Design Task 

The first task of design emergency products always comes up with potential design 
concept and requirements. At the end of the brain storm, market researching and new 
ergonomics methods, the final design target and directions would have been deter-
mined. 

During the period confirming and selecting the design concept and requirements, 
suitable methods should be used to describe and sum it. To reflect some conceptual 
questions such as who will be the user of our products? What can they do for people? 
What issues will be solved? In which way people’s life will be changed?  

In the first phase in design of emergency products, for instance, we’ve found by re-
search that many problems occurred in earthquakes hit the city. They vary from the 
amount and power of earthquakes, the hardship in forecast, the poor prevention, the 
lack of facilities, the importance of seismic design of building structures, the lack of 
family-use emergency products such as alarms and emergency kits, the poor  
connection between emergency products with daily commodities and the fact that 
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Fig. 7. The final rendering 

3.4 Design Verdict 

After the last phase, the models have been tested and edited, which further to perfect 
the design scenario, manufacture the sample model and verdict the rational relation-
ships between   their shapes and functions. Meanwhile, manufacturing plan and ini-
tial market strategy have also been made and affirmed. 

In this phase consumers’ feedback needs to be consulted frequently as well as the 
detail of shapes are refined elaborately, so as to meet the standards of products prop-
erty and style. To realize the design target scheduled and make fine feasible working 
and manufacturing model, detailed instruction and informative manual is necessary, 
which includes structure, mechanic units, materials selection, color format and crafts 
concerned. Furthermore, patent should be applied to protect the image intellectual 
property rights of products function, technology, manufacturing innovation, external 
shapes and brand image. 
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experience and security will be a new topic, and our designers and scholars will take 
any efforts to think, research on that topic.  

This essay discusses the application of New Ergonomics into modern emergency 
products design and makes an example with the concept of self-help shower facility 
for earthquake. What has been confirmed is that New Ergonomics can be utilized in 
the whole design procedure of a product and qualitative and quantitative analysis 
method are compatible with each other. However, the massive data analysis in the 
design procedure took considerable research time, whether it is suitable for the high 
efficient modern products design remains to be argued and researched by future de-
signers. 
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Abstract. Hometown is always full of childhood memories and energy for life. 
Hometown, as a subject for cultural and creative products can help novice de-
signers express their feelings. Designers are bound to create unique and attrac-
tive cultural and creative products with such outpouring of sentiment of home-
town. There are three major categories of design elements that can be developed 
from hometown as a topic: natural environment, festival and folk arts, and ar-
tificial constructions. The study chooses the program which was conducted in 
the Product Development Course as a case study. This course was scheduled for 
junior students under the Department of Industrial Design, National United 
University. This study attempts to discover how the feelings of hometown will 
impact designers, and how those feelings are embodied in their cultural and cre-
ative products. The goal of this study is to provide consumers a type of com-
modity that combines emotional connections and usefulness in order to present 
valued cultural and creative products that demonstrate local color and at the 
same time meet the needs of modern life by way of transforming the meaning 
and style of cultural elements. 

Keywords: Feeling of "hometown", cultural and creative product design. 

1 Introduction 

Taiwan has been focused on producing “physical products” (Consumer Electronics for 
example) in the past when technological techniques were under development. Now we 
are striving to develop “Cultural Artifacts” in which cultural value is added. As for the 
future, we should direct our effort to produce “experience products” which promote 
Taiwanese life styles. [1] Cultural and Creative Industry seemed to be in a blossoming 
state with government’s support/ promotion along with the cooperation of industry, 
official and academic areas. However, there are enough cultural depth but did not show 
its rich connotation in current plight of the cultural creativity. It has unlimited creativity 
in design, but rarely touches people’s hearts; it has diversity in product types, but is 
scarcely accepted by consumers [2]. In academic areas, cultural and creative product 
design courses have been an important theme within design-related departments. We 
can detect this phenomenon by the artworks of Young Designers’ Exhibition, YODEX. 
Industrial Design type works have grown in quantity in recent years. (One of factors 
that judges put emphasis on is cultural quality: works that show the depth of culture, 
specialty and express the image of Taiwan are highly encouraged.) Based on the data 



42 C.-W. Chien, S.-J. Chen, and J.-L. Chen 

gathered from Young Designers’ Exhibition, YODEX website in 2011 and 2012, total 
registration numbers in 2012 have increased by 29% compared with the number in 
2011, 2612 pieces of work in 2011 and 3376 pieces in 2012; among those registration 
numbers, Product Design genre increased by 4% (1296 pieces increased to 1349), and 
Industrial Design genre has increased by35% (391 pieces increased to 528 pieces.) 
From this we can see that craft & art type of cultural creative products is now what 
students are enthusiastic about. Therefore, determining the theme would be critical 
when instructing students who are new to the study of cultural creativity product design 
to accomplish a work that is creative and also arouses a certain degree of feelings 
within the designer. The theme of “hometown” affects everyone’s memory and emo-
tions. In this study, we try to induce strong sensational thoughts in students who lack 
life experiences and by using diverse design elements we can thus create unique cul-
tural creative products. 

2 Design Elements of “Hometown” 

2.1 Affection of Hometown 

Take Shiy Der Chin (1934-1981), an important painter in contemporary Taiwan society 
as an example. When learning Arts at Paris in 1960s, Shiy Der Chin continually found 
himself in between modern arts and nostalgia. Shiy said: When I was away from my 
hometown, I was just like a plant rooted in the wrong place. I needed nutrition from my 
hometown, lived in my own country, felt the lives and emotions of my people. This is 
from where I created my art sense. Taiwan gives lives and original source to my works 
that Paris could not [3]. In contemporary culture and literature critics, city is quite an 
important subject; it is the contrasting idea of the countryside. The former represents 
the creation of cultivation which implies noise and disturbance, the latter represents the 
wonderful notion of rural life as simple, natural, and unadulterated[4]. For some artists, 
the subject of creation is closely tied with their affection for hometown. When Marc 
Chagall (artist, 1887-1985) was away from his hometown for further development in 
Paris, he painted his hometown, village, land and animals. Each work demonstrates 
Chagall’s deep memories for his hometown and represents his searching for hometown 
and memories [5]. Accumulated memory is something that is totally personal and one 
of a single human’s creations that can’t be copied or imitated; it is impossible that two 
people share the same memory. Each structure of memory is utterly individual and also 
the collection of personal characteristics [6]. 

Sometimes, the measurement of emotion has something to do with geographic lo-
cation or environments that indicate some special meanings. By memorizing, record-
ing, writing and daily living activities, people generate subjective notions for the space, 
and a meaning for a place thus formed and created. It is the accumulation of the inte-
raction between personal life experiences and the environment [7]. Jioufen located in 
New Taipei City was once a prosperous township of gold mining, and when the gold 
sources dried up, Jioufen were back to silence. However, Jioufen has its unique geo-
graphical landscape. Located within the hills in northeast Taiwan Jioufen village is next 
to the Mt. Keelung and faces the sea near the coast. The whole little town is located on 
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the hill, so it is famous for its narrow steep stair scene. In 1989, the film “City of 
Sadness” was released which wakened people's memory of Jioufen. It seems that the 
prosperous old streets, buildings, mines and the glamorous gold digging days are 
flashing before our eyes. Jioufen thus became one of the 10 most popular spots in 
Taiwan. At the same time, Jioufen is also the hometown of the director and playwright 
of the film “City of Sadness”, who has multiple identities as a director, writer and script 
writer. He is recognized as the greatest storyteller in Taiwan [8]. The geographical 
landscape of Jioufen surely has greatly influenced people who live there for their rich 
life experiences. Influence of culture shock of two hometown for immigrants who are 
usually more than the non-immigrant stronger. Daniel Libeskind (born 1946), an arc-
hitect of Polish-Jewish descent, was selected to be the master planner for rebuilding the 
World Trade Center site in New York City. His parents are Holocaust survivors; his 
family moved to Israel in 1957 and the Libeskinds moved to New York City on one of 
the last immigrant boats to the United States in 1959. His architectural work is 
spreading all around the world. In his speech inaugurating the rebuilding of the World 
Trade Center site, Daniel Libeskind said: “My plan was called ‘Memory Foundations’: 
I told them I recalled my memories about our family first arrived here by ship at the 
Port of New York when I stood in the bottom of the pit, just in the near ocean, at that 
time I was looking up at the Statue of Liberty, this memory became one of sources of 
inspiration for my design.”Because Daniel Libeskind listens to experiences, his work 
touches people and arouses wide sympathy, and it demonstrates that there are plenty of 
feelings within people’s heart [9]. that’s why he is so  well acknowledged and has won 
many international competitions. Hometown evokes strong emotions that many people 
can relate to.  

2.2 Classification of Hometown Design Elements 

The purpose of “hometown” theme applied to cultural and creative products discussed 
in this study is to promote distinctive features of cities, villages, towns and places in 
Taiwan. Thus, people can refer to the information on the website of the Tourism Bu-
reau, Republic of China (Taiwan) to see what the features that are worthy of Taiwan 
promoting are. Features are properly categorized as design material references used for 
the design project that we discuss in this study. This Feature category provides students 
with preliminary concepts for cultural and creative product design which also helps 
them to have a good start. There are 8 subjects on the website of the Tourism Bureau, 
Republic of China (Taiwan), which are listed as follows: 1. Discover Taiwan: General 
Information, Climate, Natural Environment, History, Literature and Art, Religion and 
People 2. Attractions: National Scenic, National Parks, National Forest, Recreation 
Farms, Hot Spots, Factory Tour and Tourism Towns. 3. Festival: Events Calendar, 
traditional festivals, Lantern Festival, Religious Activities, Indigenous Ceremonies, 
Hakka Cultural Activities, Specially industry Activities.4. Tastes of Taiwan: Gourmet 
Cuisine, Taiwan Snack, Local Product Products.5. Shopping: Metropolitan, Business 
Circles, Feature Markets, Leading Brands Circles, Souvenir Shops. Others are 6. Travel 
Suggestions, 7. Accommodations and 8. Getting Around: Transportation Guides. 
Subjects 6, and 7 are excluded for further analysis as they are pertain only to travel 
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information rather than to physical descriptions of Taiwan. Thus we select subjects 1-5 
for analysis as demonstrated in Table 1. In subject 1, general introduction covers 3 
perspectives of knowledge including nation history, natural scenery, traditional crafts 
and festivals. The travel spots listed in Subject 2 introduce natural environmental areas 
and traditional architectures. Subject 3 includes all of the traditional festivals and a 
wide varieties of cuisines are listed in Subject 4, food types are divided into nature 
ingredients like fruits & vegetables and processed foods. As for the Subject 5, it 
presents metropolitan, modern development and shopping areas that coexist with 
traditional markets/architecture and foods. Thus we have 3 categories, natural sceneries 
belongs to ‘Natural Environments’ with the ecological and environmental concepts,  
 

Table 1. The analysis of three design elements of Taiwan features by the Tourism Bureau 
Taiwan  

 

 
‘Traditional Folk Arts & Festivals’ and Artificial Construction Development’ which 
refer to modern society construction compare traditional activities and images. Ingre-
dient Foods are under the ‘Natural Environments’ category since they are products of 
natural environments, and processed foods thus are under the ‘Artistry & Festivals’ 
category. Traditional architecture is protected under modern construction development 
as historical sites, as a way that we to save traditional culture and therefore it belongs to 
the ‘Artistry & Festivals’ category. As demonstrated in Table 1, the design elements of 
“hometown” are categorized into 3 major types: 1. Natural Environments; 2. Artistry & 
Festivals and; 3. Artificial Construction Development. These categories are used as the 
reference for the “hometown” subject design project, in hopes of guiding young de-
signers to create more types of cultural and creative products. We assume that catego-
ries: 1. Natural Environments,and 3. Technology permeated and defined modern  
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culture[10], Artificial Construction Development could likely lead to more modern 
cultural and creative products while 2. Artistry & Festivals should thus bring more 
traditional elements into the products. 

3 Case Study 

3.1 Twelve Design Cases 

These twelve cases are from a project called “Cultural and Creative Design,” and which 
used “My Hometown” as the subject matter. The project was conducted as part of a 
junior-year course named Products Design Development under the Department of 
Industrial Design, National United University, during 2011. Chosen from 50 works, 
these cases with total scores are over 80 points were judged superior. According to their 
different properties, they are divided into three groups. As hometown is the subject 
matter, the project expects each student to design a product that can present local color, 
meet with a favorable reception in modern life, and be promoted nationwide or even to 
the world stage with integration of local landscape, crafts, and culture. As shown in 
table 2 the works are: group A takes the natural environment as the design element, in 
table 3 the works are: group B focuses on folk arts, and in table 4 the works are : group 
C addresses artificial construction. 

Table 2. The description of Group A. Design elements by the natural environment 

 
A1.Pei-Yu Sung 
@2011 

 
A2.Yueh-Hsin Hsu @2011 

 
A3.Chia-Ju Wan 
@2011 

 
A4.Liwun Zeng 
@2011 

Hometown: Keelung 
Subject: Tofu-rock 
candlestick 

Hometown: Miaoli 
Subject: Pretty berry 

Hometown: Taoyuan 
Subject: Meet lotus 

Hometown: Hsinchu 
Subject: Chasing wind 

There is a special tofu 
rock geology in Kee-
lung Peace Island. The 
feeling is present in 
the product between 
seawater and tofu 
rock, a kind of inte-
raction between the 
liquid and solid. The 
product can be taken 
home to enjoy the 
scenery as you can see 
it on the coast. 

The family's source of 
income is the cultivation of 
strawberries, so profound 
feeling with them. The 
profile and pedicle of a 
strawberry becomes the 
product type of shape to 
create a sweet time for 
enjoying strawberries. 

Lotus is the main 
economic crop in the 
agricultural township 
of Guanyin in 
Taoyuan county. 
Tableware links lotus 
and Guanyin town-
ship, and to shows the 
features of the lotus 
"out from the mud 
without being conta-
minated” 

Trumpet-like terrain 
created Hsinchu wind 
-a famous city. De-
signed for LOHAS 
bicycle lights, the 
form is trum-
pet-shaped, the curve 
of fan blades as the 
wind, the power of 
light and music as 
produced by the wind. 
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Table 3. The description of Group B. Design elements by folklore festival and craft   

 
B1.Wen-In Lin 
@2011 

 
B2. Shiun-Ling 
Li@2011 

 
B3.Ying-Shiou Chen 
@2011 

 
B4.Chia-Cheng Liu 
@2011 

Hometown: Meinong 
Subject: Meinong's 
wedding favors  

Hometown: Kinmen 
Subject: Baby Sling of 
wind-lion-lords 

Hometown:Tainan 
Subject: Gold Lion 

Hometown: Chiayi 
Subject: Lion eye 

For Hakka people the 
paper umbrella sym-
bolizes auspicious 
significance and so 
the paper umbrella 
and the wedding 
accessories combined 
offer a blessing for 
happiness for each of 
the wedding guests. 
The entire set consists 
of a spice jar, sauce 
dish and chopsticks. 

There are inner mean-
ing of quell wind and 
anti-evil and peace 
within Kinmen 
Wind-Lion-lords. To 
design the inner 
meaning of wind-lion 
lords into baby sling. 
When baby has grown 
up the sling becomes a 
mother's bag. 

There are inner meaning 
of "festivity and peace" 
is brought from the lead 
lion-Gold Lion of song-
jiang-troupe of wujhu-lin 
in Tainan. The letter 
opener is the object for 
product design. When 
we were receiving the 
letter and the letter was 
opened, just like to get 
the message with miss-
ing for festivity and 
peace. 

The styling of teapot is 
according to Koji 
ceramic of Lion-Eye in 
Chiayi. The transparent 
part of teapot is a 
symbol of Lion-Eye , as 
well as the hollow 
eyeball become a tea 
container. The 
Lion-Eye can take care 
the feeling while we are 
steeping and drinking 
tea. 

Table 4. The description of Group C. Design elements by artificial construction and 
development  

C1.Wan-Lin 
Yang@2011 

 
C2.Yi-Wen 
Chen@2011 

 
 
C3.Yenting Lin @2011 

 
C4.Mei-Hui Lu@2011 

Hometown: Kaohsiung 
Subject: Return to 
harbor 

Hometown: Taipei 
Subject: Happiness of 
Military Village 

Hometown: Kaohsiung 
Subject: Make your 
own Kaohsiung memo-
ry 

Hometown: Taipei 
Subject: Gathering 
happiness 

The starting point is by 
Kaohsiung. Like a safe 
haven for the Kaohsiung 
people, home is a safe 
haven for everyone. I 
hope to increase the 
family close interaction. 
We go out every day for 
commuting or going to 
school as our departure 
back to port. Putting up 
the key chain action as 
we cast off the anchors 
on dry land. 

Sih-Sih South Village is 
the first military de-
pendents in the capital, 
Taipei, Taiwan. The 
stacker of nostalgic 
picture frame was 
designed by the image 
of dwarf room of mili-
tary dependents, and the 
material was wood. 
 

The idea of disposable 
film camera came from 
container of Kaohsiung 
harbor, the concept of 
loading memory was 
inspired by the appear-
ance of container. Each 
purchase the disposable 
film camera is brand 
new one as the symbol 
of empty container, after 
use it just like to load 
your memory inside. 

The design subject is 
the Taipei Yuanshan 
children's playground. It 
is hoped that through 
this product, based on 
the elements of the 
shape and color of 
playgrounds famous 
rides that the design - a 
playable and available 
memo clip for fun - 
allows the user to tem-
porarily forget some 
troubles. 
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3.2 Classification and Analysis 

This part of the study is classified into three main points referring to each designer’s 
hometown and topic: 

1. There are connections between the type of a designer’s urban-rural style and his 
chosen design elements:  

(1) The theme for group A is the natural environment; hence the style of hometown 
in group A is famous for its regional agricultural products, such as strawberries from 
Dahu Township in Miaoli County, lotus from Guanyin in Taoyuan County. Counties 
with special geographical features are also included. For example, the tofu rocks from 
Keelung (A1), and the wind of Hsinchu county (A4) also belong to this group. (2) The 
design topic for group B is festival and folk arts. Therefore, the ones chosen in this 
group are regions which are abundant with traditional and cultural heritages. For in-
stance, Tainan, which has the most first-ranked historical sites (B3), is full of this type 
of design elements; others like the well-known Winding Lion Gods in Kinmen, tradi-
tional oil paper umbrella art in Meinong, Kaohsiung, and lion-eye teapot from Chaiyi, 
originated from regional festivals. (3) Artificial construction is the subject matter of 
group C. This group focuses on thriving international metropolises, for example, the 
two special municipalities, Kaohsiung City (C1, C3) and Taipei City (C2, C4). Ob-
viously, designers who were born and grew up in big cities seem to have more images 
of and sentiments about modern rather than traditional construction culture. 

2. Group B, which uses festivals and folk arts as major design element, is the tradi-
tional style of cultural and creative products, and is the most popular group among 
students as well. Beginners who choosing the style of group B have a slight chance to 
fail, and their design is readily approved. Although the natural environment has existed 
on this plant earlier than cultures and history, Group B’s festival and folk arts is in-
comparable when it comes to study and application of cultural and creative commodi-
ties. Human beings do not treat nature with enough veneration and there is concern for 
why, to some degree, human care more about things created by themselves than about 
nature. In group C, designers use artificial construction as the design element, which is 
also the modern one of the three. To young designers, this group is closer to their 
lifestyle than the other two groups. Therefore, it turned out to be the type of element 
least picked by students. Because of two reasons:(1)The existing design cases of group 
C are less than group A and B, no reference cases are difficult to design to the novice 
designers.(2)Few students live in metropolis in the National United University. How-
ever, many interesting designs emerged in this group because it strikes a chord in the 
heart of designers the most. This is supposed to be the kind of commodities of culture 
and creativity with a huge potential market. 

3. It is the genre of cultural elements of hometown that influences the final style of 
cultural and creative product design. In this design project, the most emotional cultural 
elements of hometown are selected and used to design daily necessities that people 
nowadays would use. So, the two most design elements for this design project that 
designers all should use are “cultural elements” and “daily necessities”, and it is the 
genre of cultural elements that determine if the final work is in traditional or modern 
style of commodity. We can say that the selected cultural elements will influence more 
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than the type of daily necessities, which after all are just objects that people would use 
everyday. Again, the design style determining point is depends on the selected cultural 
elements of hometown: elements that fit into category 2. ‘Artistry & Festivals’, ele-
ments of category 3. ‘Artificial Construction Development,” or modern style of design 
elements that belongs to category 1.‘Natural Environments.’ 

3.3 Product Association- Cultural Features Transformed into Product Design 
Feature Level 

Design cases analyzed in 3-2 have mentioned the transformation of cultural images and 
types. In other words, designers use cultural feature derived elements when creating 
products. Evaluating what types of products match perfectly with what design element 
applications is crucial as this also determines if the product is likely to be successful 
because it influences the final presentation. We might overlook aspects of users' expe-
riences that are important to them[11]. As a consequence, according to Chi-Hsuan Hsu 
(2004), Rung-Tai Lin, (2005) in the later phase of designing, cultural features transform 
products in properties and levels and thus provide the criteria for product association. We 
can refer to 3 cultural levels demonstrated in Fig.1: physical/material, behavioral /social, 
spiritual/idea. Taking A1 Tofu Rocks Candlestick as the subject, we can analyze the three 
cultural levels and properties of it in section 3-3. In outer (physical) level, the appearance 
and texture of Tofu Rocks (blocks of tofu-shaped rocks) belong to the visual level that 
relates to the shape of the product. For mid (behavior) level, it indicates the function and 
operation of the product (the crevices between the blocks become the space for candles). 
This can be viewed as the usability level. For the inner (physiological) level, it tells the 
story and meaning of the product: the interaction of sea water and tofu rocks, the inte-
raction of liquid and solid material, just like melting liquid wax pouring over the can-
dlestick forms crevices between blocks which resembles the scene of waves lashing Tofu 
Rocks. This is once again the representation of experiences and memories.  

 

Fig. 1. Case study of Tofu-rock candlestick by Attributes of cultural product design (Hsu, 2004; 
Lin, 2007) 
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After analyzing the three cultural levels of the cultural elements, how do we decide 
the most suitable product type to use? Combing cultural materials with design for daily 
necessities and the physical representation of the product is the final purpose. Ac-
cording to the result that derives from Fig.1, the final phase of this design case analysis 
is to do “Product Association”. As seen in Table5, after determining the cultural layer, 
cultural level and design features of the product, there comes the “keyword” for the 
particular level and layer that represent the product best and which most precisely 
describe the product. We then use this keyword to do further association of that par-
ticular product. Brainstorming is a good method for evaluating the three vital levels of 
cultural products which are: visual beauty, usability good and true representation of 
experiences/memories. We evaluate all of the criteria of the product to decide if it 
confirms the beauty, good and trueness principles, and then the most accurate product 
type would emerge. This also means that the designer has reached the census and 
design motivation for this certain cultural element and product type. 

Table 5. Product Association - Cultural characteristics transform into product design features 
level  

 

4 Conclusion 

Cultural creative design is facing a new market phase now that consumers are setting 
higher standards for products, thus exploring for new themes and inspirations would be 
the solution.  In this “hometown” theme cultural and creative product design project 
we have categorized and analyzed the travel features of Taiwan on the Tourism Bureau, 
Republic of China (Taiwan) website in order to provide Design major students with 
diverse references. Then we make designers examine if there are unique cultural 
properties of their hometown that can touch both them and consumers. In consequence, 
we can conclude this study with the three points below:  

g
Culture 
Levels 

Culture Layers Design 
Featur-
es 

Key word Product Association 
(housewares) 

Evaluation 

B G T 

Outer 
"Tangi-
ble” 
level 

Such as tofu 
block patterns 

[Beaut-
y] 
Visual 

Massive 
cutting 
 

Chessboard, puzzles, Collage
floors, chocolate, food cutter, 
palette, makeup plate, 
jewelry design, tiles

  

Tofu Quilts, nail files, shelves, 
racks, modular, racks  

 
 

 
 

Mid 
"Beha-
vioral”
level 

Between the bl-  
ock and block  
generated the  
slit and space,    
may be formed 
space for candle 
placing 

[Good]
Usabil-
ity 

Pick up
Placed 
Fixed 
Move 

Checkerboard palette, 
make-up tray, shelves, racks, 
modular racks 

 
 
 

 
 

Inner"
Intang-
ible” 
level 

The feeling is 
present in the 
product betwee-  
n seawater and 
tofu rock the ki-  
nd of interaction  
between the liq-  
uid and solid. 

[Truth]
Exprie-
nce 

Interaction
between the 
liquid and 
solid.

Vases, potted plants,
tableware / plate, condiment 
bottles, cups 

 
 
 

 
 

Liquid→Sold
Sold→Liquid 
 
Liquid→Gas 
 

→Ice Box,
→Ice cream container  
→Candlestick 
→ Flavor container 

V V  

V V 
V V V 

V  
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1. Design elements of the natural environment and artificial construction development 
have higher potentials for further development; it contains fresher and more modern 
senses, and it might better suit the new generation designers in finding a whole new 
style of cultural creative product design. 

2. Cultural elements should go with practical products and by cultural meaning and 
types of transformations, consumers are provided with products that have double 
values; functional products that have emotion connections. This would expand the 
cultural and creative product markets.  

3. Products applied with an inner layer or spiritual type of cultural elements evoke 
more emotions that designers have towards their hometown, and are easier to present 
in-depth cultural and creative product design. 
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Abstract. There is a huge market for Chinese kids furniture, which, however, is 
still designed on the level of traditional Ergonomics. The paper, targeted at 
Shanghai middle-class family, analyzes the correlation between the needs, 
purpose, behavior and viewpoints of multi-users, based on the data collected 
through Ethnography. With many factors such as family structure, 
environmental factor and educational notion taken into account, it constructs 
user segmentation of multi-users’ kids furniture in terms of persona and 
accordingly gives suggestions on Human Factors Design of kids furniture.  

Keywords: Persona, Kids furniture, Middle-class family, User research. 

1 Introduction 

It is reported that there are 300 million children under 16 in China, which accounts for 
one fourth of the whole population of China. In China the children of 40% families 
have their own room equipped with kids furniture and 46% families have the desire to 
buy kids furniture. China’s kids furniture trade develops so quickly that it takes only 
10 years for its market share to rise from zero to one tenth and so it creates a great 
opportunity for business and design prospect [1].  

Now the human factors design of kids furniture in China is still on the stage of 
traditional Ergonomics focused on product safety and human body size, and hence 
cannot show the real complex market in a scientific way. The author of the paper hopes 
to analyze the research of Human Factors Design of kids furniture and ultimately 
constructs user segmentation and accordingly gives suggestions on Human Factors 
Design of China’s kids furniture in terms of persona. The data employed for the present 
research was collected through Ethnography and analyzed through clustering analysis. 

Considering such factors as Chinese cultures, purchasing power and the fact that 
the consumers of brand kids furniture are mainly from big cities, the research takes 
middle-class families in Shanghai as subjects.  

2 Methodology and Researching Process 

Alan Cooper first formally put forward the method of designing in terms of Persona 
in 1999. Currently the method is mainly applied in the development field of internet 
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products in China [2]. So far there has been no tentative application of the method in 
furniture designing field.  

This research is divided into three steps: desktop research, ethnographic research 
and design analysis.  

2.1 Desktop Research 

Now the Human Factors Design of kids furniture in China mainly includes: physical 
sizes for different ages, safety for children, children’s color cognitive ability, furniture 
decoration, environmental protection and interest, etc. This kind of designing notion 
results in the serious homogenization of Kids furniture trade. Products are broadly 
grouped according to different furniture materials, for different ages or genders of 
children. And this kind of design is just the application of traditional Ergonomics [3]. 

Many studies, however, have shown that the research into the holistic family 
environment and the concept of family education of children has been playing a 
significant role in children’s physical and mental development. The psychiatrist K. 
Menninger (1945) thought: mental health refers to the state in which people can 
happily adapt to the environment most efficiently and vise versa [4]. The study 
conducted by Huang Boqing, Hong Junfeng and Xu Qinghong holds that among the 
environmental factors, home is the main place in which children develop and form 
their unique character. The crucial few years are spent in the home for the 
development of children’s character and the acquisition of their behavior [5]. And so 
this generates a need to shift the research into Human Factors Design of kids furniture 
in China from traditional Ergonomics to the Sociological segmentation of products 
aimed at different lifestyles and variant educational concepts.  

 It is reported that the generation structure of Chinese family has changed. 75.2% 
married grown sons and daughters don’t live with their parents in China. Nuclear 
families (e.g. a family of two generations, that is, father, mother and children) take up 
the highest proportion while four-generation families merely accounts for 1.9% [6].  
 

 

Fig. 1. Different families purchase kids furniture in different way 
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A local survey conducted by the magazine Good Housewives in 2011 reported the 
findings that more than 46% city middle-class nuclear families have nannies [7]. 
According to the survey, 56% parents make purchases of kids furniture without 
asking for their children’s opinion and 32% parents will take account of the opinions 
of their kids and their parents, and 12% parents will let the kids make their own 
choice in the buying of kids furniture [8]. 

2.2 Ethnographic Research 

This research took the eight families as subjects with independent children room, 
those located in six different districts in Shanghai. The subjects were selected in terms 
of different ages, careers, and family structures in a comprehensive way. The research 
required the subjects have a residential space of more than 100 m2, in which the 
independent children’s room covers more than 9 m2. Meanwhile the yearly income of 
each family of three people is between 150,000 to 300,000 RMB.  

The researcher of the study spent one whole year following up and observing and 
interviewing the subjects on the spot to learn about their family life. The subjects 
were invited to take photos of their family life, which should display all the children-
related activities and objects in the home, and they were also required to describe the 
activities in written words. In the meantime, the researcher regularly paid a visit to the 
families of the subjects, took pictures on the spot, and asked the subjects and their 
kids to explain the operation process of the written records of their family activities, 
their attitudes to and opinions about the activities, through which the researcher 
learned about their way of living and their notions about education. 

 

Fig. 2. Photos taken from 8 Shanghai middle-class families 

2.3 Design Analysis 

Through clustering analysis of a multitude of ethnographic research data, the 
researcher, collecting the advice from designers and furniture market experts, found 
that such factors as family environment, family members, family relationship, 
philosophy of life, education concept, who buy the furniture and who will use the 
furniture are directly correlated with the data of user groups. Based on the desk 
research data, the researcher extracted four factors which influence the most: 
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Fig. 3. Four factors for kids furniture desgin 

Environmental Factor. All children, particularly those of low age, widely use the 
other space of their home with the living room most frequently used while the dining 
room and the bath room the second. In this sense, the design of kids furniture should 
be involved in the whole home furnishing design. Family size and which room is 
picked as the children’s room will make the Human Factors Design of kids furniture 
differently.  

Family Structure. The number of family members and family relation structure 
usually determine who will take care of children and how they will educate children. 
Nuclear families with just father, mother and kids still constitute the main family 
structure. They can consider living with nannies or grandparents, who will, on their 
behalf, look after the kids. Even for nuclear families, some families are taken charge 
of by both parents, while others by only one of them. 

Educational Philosophy. More commonly seen are such traditional educational 
modes as parents hoping their children will have a bright future, a kind mother and a 
stern father, or grandparents doting. Yet there has been a gradual increase in pursuit 
of educating in a democratic, more natural and human way.  

Purchasing and Using. Generally speaking, the proportion of children who are 
allowed to involve themselves in making a purchase decision is very low. More 
involvement of children in making a purchase decision, however, will be the  
future trend as parents get more education and influence from western democratic 
notions.  
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3 Persona 

Real user behavior and opinions were collected through desktop research and 
ethnographic research. In the stage of design and analysis, the group in charge of 
creating persona held assimilation meetings at which the research data were processed 
through clustering analysis. All the data were tagged and categorized in terms of user  
 

 

 

Fig. 4. The descriptions of the persona of the four family types 
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Fig. 4. (Continued) 

behavior, opinions, motive and demography. Based on the analysis of the data, four 
key factors were extracted: environmental factor, family structure, educational 
philosophy, purchasing and using. According to the matching degree of different 
factors, the user group with the highest matching degree was classified as a user 
segmentation with its unique traits retained which are different from those of other 
user segmentations. The moderation of the persona number considered, four types of 
family persona were ultimately defined through clustering analysis. Follow-up visits 
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were made and the users were asked to make an evaluation of the defining persona 
which was then modified accordingly. Persona was established on the above work. 
There was a need to write stories about the characters in order to create the persona. 
The writings included the demographic data of each family member, the setting of 
primary and secondary roles, introduction about accommodation condition, patterns 
of family life and the outline of values and educational philosophy. The vivid detailed 
account of the real situations displayed the using of kids furniture and users’ attitude 
towards it. Family persona identified in this way can serve as a mode for user 
segmentation of sociological and anthropological significance. 

The four family personae generated in this research include: elite, hierarchical 
family, trusteeship and self-achievement family, democratic and rational family, 
emotional and unrestrained family.  

4 Design Guidance 

In the light of family persona, the Human Factors Design guidance will consider as a 
whole the factors such as environmental factor, family structure, educational 
philosophy, purchasing and using, and gives suggestions from the following 
perspectives: purchasing decision maker of kids furniture, the overall home furnishing 
features, the essentials of kids furniture designing and provides designing demo 
pictures.   

4.1 Kids Furniture Design Guidance for Elite, Hierarchical Family 

Children in this kind of family usually have their own room, but the buying and 
displaying of the furniture are decided on by one of the parents who prefers More 
classic, vintage and brand-name furniture, highlighting such factors as mental 
development, hi-tech, health, education and internationalization. The furniture has one 
function for one piece with a remarkable appearance. The material, with solid wood 
as the first choice, is selected carefully. Furniture for storage is in a large demand. 
Kids of low age usually live with a nanny, so the furnishing of children room should 
include the nanny’s furniture. 

4.2 Kids Furniture Design Guidance for Trusteeship and Self-achievement 
Family  

The grandparents usually live with their grandchildren in the same room. The parents 
tend to make the choice of furniture for their kids. They pay more attention to 
function, favoring low-profile style. Adjustable furniture is the most popular, furniture 
with multi-functions, like solid wood furniture with high cost-effective, are more 
favored in the market. Adjustable cots are best –selling and second best-selling are 
adjustable desks. They prefer Simple, rustic and moderate style to hi-tech and new 
material. 
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4.3 Kids Furniture Design Guidance for Democratic and Rational Family 

Parents work together to decide what furniture to buy and they will buy furniture 
according to their shopping plan, which not only heeds the matching of furniture with 
the whole family furnishing but also shows respect for the kid’s preference. Adult 
furniture in other rooms is also accessible to kids. The design of this kind of furniture 
is focused on kids’ interests at different age, modular basic function, and the matching 
of structure and diversifying surface decoration. The decorating style displays eye-
catching or fashionable elements for kids, such as hot children TV series or popular 
children games. 

4.4 Kids Furniture Design Guidance for Emotional and Unrestrained Family 

The family members usually follow their hearts in buying furniture, from adult 
furniture to kids furniture, which usually do not match each other. Kids in this type of 
family have the say in buying furniture. The family furnishing displays a blending 
style without considering the overall uniformity and space functions are unclear. Kids 
have more freedom to choose where to rest, study or play. So the kids furniture might 
be moved to anywhere. Remarkable or creative appearances will attract such parents 
even their functions are similar. As a consequence, kids furniture for this type of 
family should pay more attention to creativity and imagination, and highlight emotion 
appeal to kids. And so design for single piece of furniture is more important than for 
the whole set of furniture. In form design, priority should be given to the elements 
like representational and interesting image that is liable to catch kids’ attention, or 
abstract with indefinite functions. Solid wood is preferred to other material while 
structure should be simple, strong and durable yet not delicate. 

 

Fig. 5. Demo pictures for different Personae 
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5 Conclusion 

Traditional Human Factors Design of kids furniture, simply following technological 
and material change, focuses its main attention on children’s physical size and safety. 
It, as a consequence, gives rise to product homogeneity and fierce market 
competition. This research, based on ethnographic research, enables designers a full 
view of the diversity of user groups and the complexity of markets. The user 
segmentation mode through creating persona allows designers and enterprises to 
directly perceive users and markets through senses and hence design products with 
more accuracy. It is also conducive to the strategic positioning of the product 
purchasing and the way of marketing.  

The user data employed for the present research are obtained through ethnography. 
Though the number of sample cases is limited, more attention has been, in the process 
of the selection, paid to the integrity and diversity of the data. It makes it possible to 
obtain quality anthropological and sociological data and hence ensures the building of 
persona. Meanwhile the research, as a beneficial attempt, will introduce the research 
methodology of the internet into the traditional business of furniture design and bring 
new business opportunities for the market competition of kids furniture involved in a 
price war.  With the advent of the information age, further research should be made 
into users and more cross-field and diversifying studies be done of design to ensure 
the victory for the enterprise in the future market competition. 
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Abstract. “Beauty is the only way to be competitive!” In recent years, due to 
the energetic efforts that has plunge into the design industry from countries all 
around the world, the design field in Taiwan is highly valued; through the use 
of various kinds of designing methods, it is expected that this positive effort of 
“design” can increase vitality, competition and cultural standard of the Taiwa-
nese life. Therefore, “design” must not only stress the importance of the high 
quality technology to improve the competitiveness in the design industry, but 
more important, how to focus on the viewpoint of the industry and the commer-
cial market. Only in this way we can build a true strategy and create strong de-
sign energy from the heart. The emotional design of the Japanese goods, com-
pare from consumer goods from all around the world, has always been distinct; 
furthermore, the same market response also emerged in the Taiwan commercial 
market. How do the Japanese goods provoke the emotional intention for con-
sumer to purchase? How does it touch our perception neural? How can we truly 
seize the perceived value of the consumer? Therefore, through the bestseller 
condition analysis of the Japanese goods, and taking it forward to understand 
the preference factors of the Taiwan commercial market. Using EGM inter-
viewing sixteen high personal involvements, then employing Quantification 
theoryⅠto calculate the charm functional of the Japanese goods in Taiwan. The 
attempt is to seek to reason why Japanese goods became popular in Taiwan. 
The use of EGM can capture the particular features of the conditions that arouse 
the two aspects of the purchase intentions: the “top down” abstract value judg-
ment and the “bottom up” concrete condition of the consumer goods, organiz-
ing the factors and conditions of the preference and expectations in the Taiwan 
commercial market. Ultimately to create similar products that extracted the fun-
damental spirits of the Japanese goods, meanwhile, blending in with the envi-
ronmental conditions of the Taiwan commercial market; therefore, via the me-
thods of product design to create goods that can conform to the emotional need 
of the Taiwanese consumer. By this way, we can pursue the success of emo-
tional Taiwanese goods that can deeply touch the heart of the consumers and 
stimulate the consumption of the product; encouraging consumer to purchase 
this heart contented good and opening a new business opportunity to compa-
nies. 
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This research via the concept of charm engineer, employing the high in-
volvement oral interview data of EGM, furthermore, using KJ Method to con-
vergence categories, understand facts, and complying data. Below are six gen-
eral aspects which help us know the main charm factors and condition of how 
Japanese goods attract the Taiwanese consumers: 1. Marketing. 2. Trend: Fa-
shion trend. 3. Profession. 4. Convenience. 5. Comfortable. 6. Abundant. 

Therefore, the comprehensive research combined EGM, statistics of Quanti-
fication theoryⅠ, and charm functional to analyze if user can attain comfort 
from all aspects or whether if the design is humanized to provide convenience 
when manipulating; afterwards, based on the theory of consumer cognitive psy-
chology and the six basic conditions of commodities: origin, background, ma-
terial, technology, craftsman, and quality to sum up this research. Hence, “The 
most profound emotional value for Taiwanese consumers” concludes to the four 
conclusions: 1.Feel of Ease and Supreme Quality; 2.Innovation within the Tra-
ditional Field and the Spirit of the Craftsman; 3. Leading Technology and Inno-
vation; 4. Social Care 

Keywords: Japanese Goods , Evaluation Grid Method , KANSEI Engineering. 

1 Introduction 

The research is about how “Japanese products” seize the “heart” of “Taiwanese” con-
sumers. Focus is placed on how Taiwanese consumers recognize Japanese products in 
general and value them. The research therefore selected interviewees who are poten-
tial shoppers with stronger purchase powers, and who are classified as “knowledge-
oriented” customers. The interviewees are limited to users highly involved in Japa-
nese products in the Next Generation. For the needs of the interview, the, the samples 
were required to be tangible “products”. There was no restriction about where the 
products were bought or what kind they were. There was no restriction about the ratio 
of male and female interviewees either. It was expected by harvesting information 
extensively and allowing interviewees to talk freely, a critical charm formula can be 
developed and “heart” values of Japanese products can be identified. 

2 The Study 

Design is not merely place emphasis on the competence to maintain high quality, or 
enhancing competitiveness, it is also related to the view points of industries and com-
mercial market. This is the only way to strategize powerful “heart” design capacity. 

Norman stated in his 2005 thesis “Emotional Design” that consumer are not merely 
using products, their emotions are profoundly engaged in the activities. As designs 
receive more and more attention, and the level of demand is higher, it is time for emo-
tional consumption. Consumers do not rely on functional demands only but for their 
emotional needs as well. Japanese products, i.e. designs carrying unique aesthetic and 
cultural features, are good examples. As eye-catching and attention demanding as 
these products are at consumer market, good designs represent quality assurance and 
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satisfaction. Producing a useful “product” is not enough. All details concerning user 
experience need to be taken into consideration. This is about designing a “product” 
that creates certain atmosphere, fulfills customer expectation, and provides happiness 
at different times. Only such designs deserve the dynamics to impress users. 

Why are Japanese products so attractive? Why are they so desirable? Why can they 
produce such sensations? How did their designers perceive values in the mind of cus-
tomers? What magic is cast on these products? Why do customers feel satisfied and 
happy through the products in different times? This research attempts to find out the 
charms of Japanese products and analyze their advantages. 

In-depth interviews with highly involved users about their favored elements of 
their favored Japanese products can provide clues as to popular elements, reasons for 
popularity, preferred design styles, customer desire, and trends, and these clues can 
serve as reference to Taiwan’s consumer market. Targeting at users highly involved in 
Japanese products, the research employs more precise and detailed in-depth inter-
views. It is hoped that from the interviews and subsequent analysis can be inspiration-
al. The design elements that make Japanese product so popular are be integrated into 
creating new products in Taiwan’s consumer market. In the end, it is expected that 
when products of similar nature are designed, the elements can be applied in fusion 
with Taiwan’s environmental features to create products that fulfill the emotional 
needs of local consumers and provide happiness. When these designed products are 
launched, they can be recognized, and desired. Consumers are more willing to pur-
chase these impressive products carrying commercial opportunities. 

The research analyzes the reasons for the popularity of Japanese products, and 
identifies the preferences in Taiwan’s consumer market. By applying Evaluation Grid 
Method, EGM, the research intends to find out why Japanese products are so favored 
in Taiwan. EGM helps visualize the temptation of these products, so as to provide a 
clearer understanding of the “metaphysical abstract values and concrete conditions” 
of each product. By understanding why and how Japanese products attract Taiwanese 
consumers, the study points out their preferences and expectation. With EGM metho-
dology, the research expects to identify the why Japanese products are attractive to 
Taiwanese consumers “philosophy-wise” and “function-wise”. With the idea of 
“function prioritizing over philosophy”, the intangible “heart” factors of Japanese 
products in Taiwan are analyzed; abstract charm factors and charm formula were 
developed into concrete criteria for future application. With the idea of “philosophy 
prioritizing over function”, the research serves as a reference for designers when they 
are creating new ideas, for importers when they are choosing what to import, for con-
sumers when they are choosing what to purchase. 

This research expects to gain an extensive appreciation of the values in the mind of 
users highly involved with Japanese products. Some restrictions, for instance limited 
time, financial support and human resources, form challenges to the research. It is 
expected that future studies may advance the research on the foundation laid by this 
one. Challenges include: 
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1. With limited financial and human resources, the researcher only interviewed 16 us-
ers highly involved in Japanese products while adopting EGM approach. Other 35 
highly involved users take questionnaires. Despite a coherent and reliable conclu-
sion was drawn from quanified calculation, this analysis is based on too small a 
pool. It is suggested that researchers in the future expand the pool and conduct em-
pirical analysis, which will give their researches more credibility and cogency. 

2. The “product” used during in-depth interviews with highly involved users are ac-
tual product samples (but some of them could not be easily carried or maintain, for 
example, an exhibition was held in Odaiba Japan to celebrate the 30th anniversary 
of GUNDAM, a robot. The exhibition could not be brought to the interview so vid-
eos and photos were presented to interviewees instead.) Without presenting the 
products, interviewees may have to rely on their imaginations. With products, there 
were still some problems because the environmental atmosphere was not complete-
ly created for interviewees to perceive. It is suggested that researchers and inter-
viewees return to the site for the atmosphere and the research will be more accu-
rate. 

The main purpose of this research is to identify how “Japanese products” seize the 
“heart” of “Taiwanese” consumers by using EGM, Quantification Theory Type I and 
theories about emotion engineering. It is expected that more and more researches will 
be advanced in the future and be based on the charm formula developed in this study. 

1. The first phase: literature review and question clarification: Based on literature re-
view, the research clarifies the relations between “heart”, “Japanese products” and 
fashions in Taiwan and Japan; defines the relations between philosophies, func-
tions and cultures; indicates the engineering theories referred to in the research. 
The engineering theories include “Miryoku Engineering” for understanding recog-
nition and values of consumers, consumer involvement theory, EGM, Quantifica-
tion Theory Type I, KJ method (affinity diagram). After these information con-
structed a structure for the research, and a list of in-depth interviewees was con-
firmed, the research entered the second phase, i.e. evaluation. 

2. The second phase: establish hierarchy of values in the mind of consumers: After 
the phase of clarification, 16 interviewees who are also users highly involved in 
“Japanese products” are selected for focus group. Based on the original evaluation 
items from the 32 samples, questions about post-metaphysics (concrete images) 
and metaphysics (abstract concepts) were asked. Answers were calculated based on 
EGM, and the points were integrated into key items. KJ method (affinity diagram) 
was used for classification, and finally Quantification Theory Type I programs 
were used to develop a charm formula of Japanese products in Taiwan. 

3. The third phase: analysis and evaluation based on theories and data: Analysis based 
on EGM, metaphysical and post-metaphysical factors and Quantification Theory 
Type I was conducted. Along with the theoretical findings from literature review 
and engineering theories, research data, a conclusion about the “heart” factors of 
Japanese product was reached. 
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Fig. 1. Methodology and Flow Chart 
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The dissertation surveys the “sensual”, “aesthetic”, “fashion perceptive” and “emo-
tional” responses to Japanese products of highly involved consumers. Their tangible 
descriptions are analyzed with EGM, to verify the charm factors of Japanese products 
to Taiwanese products. At a later stage, the analysis is evaluated and assessed. From 
user experiences, the “heart” value is derived, and that is the focus of in-depth inter-
views. The scope of trendy products in the research are based on the definition of 
fashion as “patterns and styles accepted and embraced by the general public at the 
time being that are communicative and spreading”.   

After the questions are clarified, the methodology and framework of the research is 
built. Among college students, 16 interviewees were selected. Samples provided by 
these interviewees were analyzed to identify the intangible “heart” factors, for the 
next phase of spiral in-depth interviews.  

The 32 sets of charm factor data collected from 16 interviewees were induced and 
summarized with KJ method (affinity diagram) and given different ratings according 
to their charm level to complete an EGM chart. With Quantification Theory Type I, 
the data was analyzed and used to develop a charm formula for “Japanese products in 
Taiwan”. The formula can be used to assess and rate Japanese products in the future. 
Based on all quantified data and literature review, conclusions were drawn and sug-
gestions were put forward. 

The EGM analysis adopted in the research contributes to clarifying the concrete 
factors and advantages of “items” and identifying the value and charm. The metho-
dology is often used on researches about Miryoku (Charm) Engineering. “Tangible 
samples” are used during in-depth interviews and capture key information. Real prod-
ucts and pictures were presented at interviews and visualize the thoughts of intervie-
wees. This approach has be developed and used for over 70 years (Denain, 1989). 
Scholars and researchers believe that in-depth interviews are more credible than focus 
group. Several successful cases prove that EGM is an effective and credible research 
methodology to capture values of products and the perception of consumers. As a 
critical research methodology for Miryoku (Charm) Engineering, EGM was origi-
nated from psychology. It was used to apprehend concepts from individuals, to sum-
marize them into lists, to dig out the profound cognition and perception of consumers, 
to present the mindset of target consumers more completely and affluently, and to 
share survey results with other researchers. 

The verbal data derived from the concepts of Miryoku (Charm) Engineering and 
EGM were induced and classified with KJ method (affinity diagram). Information 
was converged to identify the charm of Japanese products to Taiwanese consumers. 
They include the following six aspects:  

1. Marketing: eye-catching; marketing techniques 
2. Fashion: trendy, in vogue 
3. Craftmanship: experts, reliability 
4. Convenience: handy, user-friendly, and functional 
5. Comfort: good for the mind, body and soul 
6. Richness: diversified series of products 
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Fig. 2. Scores from EGM evaluation 
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Fig. 3. Charm Factors of Japanese products in Taiwan 

3 Conclusions 

Based on the EGM analysis, data derived from Quantification Theory Type I, and 
information collected from charm formula, and “abstract” philosophical viewpoints 
and mindsets, in combination with logical and sensible arguments, this Kansei Engi-
neering-oriented research concludes that “the values of Japanese products in Taiwan” 
are charming for these reasons: (1) feel of ease and supreme quality; (2) innovation 
within the traditional field and the spirit of the craftsman; (3) leading technology and 
innovation; (4) social care. These factors are exactly the values, emotions and con-
cerns of consumers. 

After this macroscopic research of “heart” values was completed, it is suggested 
that future research and narrow the scope and deepen discussions. The study offers 
three suggestions for future researches: 
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1. The research focused on understanding the cognition and values of consumers for 
Japanese products in Taiwan by harvesting extensive information from highly in-
volved users and allowing them to talk freely about their “heart” values. This was 
not limited to one specific Japanese product or category. There was no restriction 
on the ratio of male and female interviewees. Identifying the “heart” factors of Jap-
anese products in general that attract Taiwanese consumers, the research expects 
that in the future, more studies can be committed to certain specific Japanese prod-
uct or subcategories, for example, animation fans, people attracted to Japanese cul-
tures, or people interested in Japanese cuisines. A complete and specific target 
group for EGM will give subculture studies a clearer focus. In that case, a more 
profound discussion will lead to a more definite value factor and charm formula for 
the group. 

2. Interviewers and researchers in charge of induction require professional training at 
a mature level and constant practices.  For one: During EGM in-depth interviews, 
it was observed that not all interviewees have design background, so they have lit-
tle understanding for EGM, and were somewhat worried. It would be more com-
forting for researches to brief about EGM and offer instruction. For two: Laddering 
technique was employed during the interview to capture concepts, concrete post-
metaphysical ideas and metaphysical perceptions. This requires repeated practice 
and exercise as well as a logical mind so that interviewees are less tired after two 
hours of discussion. This can help maintain the completeness of the information 
collected. 

3. Modern industries and technologies are advanced very fast, so are trendy products 
from Japan. The same observation can be applied on the “minds” (heart) of con-
sumers. The taste and preference of consumers change with time, new trend and 
new technologies. The research therefore claims that the consumer cognition for 
Japanese products in Taiwan, value factors, and charm formula need to adapt at 
product evaluations based on vogue, trend, presentation techniques at the time be-
ing so as to better respond to the values and expectations of consumers. 
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Abstract. With the emergence of intelligent home furnishing concept by the In-
ternet and Internet of things, different industry convergence is increasing. As in-
teractive environment products, the furnishing integrated ceiling established on 
the neo-ergonomics will bring the new psychological experience which make 
the environmental layout, space function, interpersonal communication, envi-
ronmental value different from the traditional kitchen plane ceiling. Bandura's 
"reciprocal determinism" provides theoretical basis for the primary three di-
mensional interactive design concept in neo-ergonomics. And the environmen-
tal factors in interactive innovation will become more and more importance, 
which make the product innovation work tremendous effect.  

Keywords: Interaction Design, Neo-ergonomics, Integrated Ceiling. 

1 Introduction 

Integrated ceiling which originated in China is a burgeoning industry. The industry 
has developed from kitchen top to the whole house top space and wall. At present 
there are about 800 integrated ceiling production enterprises in China and nearly 1000 
brands with the production value of about 20 billion Yuan each year. The Value of 
integrated ceiling products is to create a comfortable home furnishing environment for 
users through the overall product module innovation design and terminal home fur-
nishing design. Because of the characteristics of good quality, convenient construc-
tion, recyclable use, integrated ceiling products have been included in the "national 
comfortable housing demonstration project". 

With the rapid development and fierce competition of integrated ceiling industry, 
product innovation design of necessity will change from product styles to the user 
experience. Interaction is the core of experience. If we has a good interactive prod-
ucts, then it will must bring good user experience. As environmental products, the 
integrated ceiling must be considered from the whole bedroom environment when we 
do the interaction design research.  
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2 The Theoretical Basis of Neo-Ergonomics –– Reciprocal 
Determinism 

American psychologist Bandura has put forward the "reciprocal determinism". He 
argued " behaviour, human factors, environmental factors were in fact determinants as 
mutual connection and interaction to generate function ". Bandura criticized beha-
viourists' environmental determinism, who thought that the behaviour (B) was af-
fected by the environmental stimuli (E) control to the organism and the formula was: 
B=f (E). He also opposed to humanist personal determinism, who thought that the 
environment depends on the individual how to produce effect and the formula was: 
E=f (B). He believed that these were unilateral determinism. 

Bandura's theory is unique in the behaviour characteristic, who distinguishes the 
person's behavior and cognitive factors. Then it pointed out the the role of cognitive 
factors in determining behaviour. In addition, it considers that the environmental, 
behavioural, cognitive factors are the mutual decision factors and pays attention to the 
person's behavior and cognitive factors impacted on the environment to avoid the 
mechanical environment of behaviourism. [1]  

Therefore the interaction design focuses on people. But the main research methods 
of traditional ergonomics is based on physiology, psychology, anthropometry. Re-
searchers pay more attention to relationships between the interaction of "people - 
object" in the narrow interaction design study in traditional ergonomics. Because the 
interaction design study early was in the light of interaction between human and com-
puter, which limited the development of interactive design. And the new ergonomics 
is different from the traditional and pay more attention to new cross disciplines in-
volved human factors engineering, sociology, anthropology, economics, environmen-
tal science and so on, whose concept have new extend and formed new different spe-
cial research and the corresponding conclusion.  

 

Fig. 1. The theory of "Three-in-One", the primary three dimensional interactive design concept 
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Today much traditional ergonomics research still focuses on digital products be-
tween people and network interaction. The study of the environment is only used as 
an auxiliary element. But the environment's importance can not be ignored as one of 
the basic elements in the model of "Three-in-One". The three elements human-object-
environment constitute the basic design contents and subjects. And  the interactive 
relationship between them and design constitute the theory of "Three-in-One", the 
primary three dimensional interactive design concept. Thus the object is not just "mat-
ter" itself, but also includes the relationship between people and object, between 
people and people, people and environment, object and object, object and environ-
ment, environment and environment as shown in figure 1. 

3 The Important Basis for Interactive Environment Product 
Design –– Neo-Ergonomics 

The relationship between people and environment is the topic never out of date. The 
neo-ergonomics explores the principles and methods of product interaction through 
analysing  environment psychology. And it researches the relationship between 
people and the surrounding material and spiritual environment from ecological, cul-
ture, language, social, psychological and other aspects in the complex human and 
environment interactive system. It also follows the principle of interaction research 
approach; advocates the research principles of real life environment, multiplicity me-
thods selection principle, multiplicity interactive interpretation principles; explores 
the value of design objects; create new products which make people's psychological 
needs be reflected in the environment.  

Therefore the neo-ergonomics can use some basic theories of psychology methods 
and concepts to study human activity in the environment and human responses to the 
environment and feedback to the related product design. It aslo attaches great impor-
tance to people's psychological tendency living in the artificial environment and com-
bines environment selection and creation.  

As the environment design, the basic focus of integrated ceiling products design 
always is to make people or families living with them have a good indoor top envi-
ronment, psychological security, fields and privacy. The neo-ergonomics can help the 
designers to plan for the top space on purpose, to design interface, color and light 
pertinently, to engender indoor environment harmony and comfort creatively in which 
people can enjoy the pleasure from the integrated ceiling products.    

Then the compound integration ceilings show a sense of hierarchy, scattered low, 
get rid of the visually monotone to bring people's sense of emptiness in traditional 
plane ceiling. The different compound integration ceilings divide the whole indoor 
space into different function area in which people can do their own things just with 
the shape, material, color, lighting, atmosphere change. At the same time the com-
pound integration ceilings can created psychologically independent private area to 
make people gain respect, have free safety with light and function hiding processing 
so as to create a safe and comfortable indoor environment. 

With the emergence of intelligent home furnishing concept in the Internet and In-
ternet of things industry, the integrated ceiling product function will also be affected 
into the big Internet.  
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In addition to the basic spatial structure features, the integrated ceiling personalized 
will must be varied with the development of home furnishing industry integration. 
And the continuous innovation ,such as more interesting visual experience and boun-
dary functions, will also make the room internal environment becomes more human. 
So the neo-ergonomics brings us a lot of inspiration in the integrated ceiling product 
innovation: 
 
1. The Environment Is an Important Factor to Decide to Design Object  
The environment has a decisive influence to design object. But it can play this role 
only when the environment and human factors has been combined and activated by 
appropriate matter". This effect depending on specific analysis is not only before 
"matter" into the environment, but also after. Designers can find the events' rules sur-
rounding people based on user and environment interaction experience before the 
"matter" into the environment and foresee the results under some circumstances to 
adjust the design direction and target. They can gain experience not directly through 
contacting with "matter" on this ability, but observing through the user's behaviour to 
adjust their own design and details. 
 
2. The Interaction between People and Environment Determines the Design  
Object (Matter) 
People are neither completely passive reaction controlled by environmental; nor com-
pletely free entity who can do as one pleases. The Human-object-environment ef-
fected the design process and results through the three dimensional interaction process. 
So it is useful to concern for the environment to the design system construction and 
self adjustment function and makes the system improve and develop the self reactive 
capacity when the design object into it.  
 
3. The Design Direction Is the Interreaction of Three Dimensional Interaction  
The relationships and interactions between environment, human and design object is 
an interactive decision process. Human factors, object factors and environmental im-
pact generate function by connecting each other's determinants in the design behavior. 
This process is the interaction between the three's interaction, but not the two or two-
way interaction. It is easy to exaggerate the role and ignore other factors and cause 
conclusion partial barge to discuss alone on one or two elements.  

4 The Case Analysis of Integrated Ceiling Design 

The integrated ceiling innovation based on neo-ergonomics must be as a result of 
specific design ideas finally. As shown in Figure 2, it is a kind of compound ceiling in 
the corridor of the bungalow style by innovation design. This design studied the hu-
man-object-environment relationship in the corridor based on the neo-ergonomics, so 
the overall style is simple and generous. The top flower plate embossed forms 
echoing relationship with the wallpaper patterns and the intermediate strip module can 
be conveniently replaced by other buckle or appliances. It is easily to mix a variety of 
home furnishing style by direct and indirect light complementary, dot and surface 
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light combination. The ceiling is very suitable to join at the top near the entrance to 
solve the smoldering problem by changing shoes or shoe cabinet in a lot of home to 
keep the indoor air to fresh and lasting.  

 

 
Fig. 2. Compound ceiling in the corridor of the 
bungalow style 

Fig. 3. Compound ceiling in the dining 
room of the new classical style 

The restaurant compound ceiling of new classical style shown in figure 3 is a very 
good work，which thoughtfully considered the human relationship. So the overall 
effect is neat and elegant, color and buckle design full of tension. The designers well 
consider the human relations with environment in compound ceiling design of study 
room in fig 4. The ceiling ,the wall and the ground formed a good corresponding rela-
tionship, in which the curly vines pattern with strong artistic atmosphere gave a psy-
chological sense of serenity to users. A large area of dispersed light was used for 
creating a relaxed atmosphere in which people could read or think very comfortably. 
And the lamp module design around can play a good role of lighting crafts, antiques 
and other items.   

 

Fig. 4. Compound ceiling in the Study of the bungalow style 
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5 Summary 

The living environment is a multilevel large system. As one of the three basic ele-
ments (ceiling, ground, wall) in the interior space, the future product competition of 
integrated ceiling will must be paid attention to the high level of user experience. If 
we can create living environment to meet people's psychological demand based on the 
neo-ergonomics in product innovation, the development of products will be more 
competitive and help enterprises to upgrade the brand to achieve a win-win with cus-
tomers.  

References 

1. Ren, N., Cheng, Y.: Network instruction Interaction Based On Bandura’s Interaction  
Determinism. Modern Educational Technology 1 (2005) 

2. Lin, Y., Hu, Z.: Environmental psychology. China Architecture & Building Press, Beijing 
(2000) 

3. Ge, Q., Wang, Y.: The Research on Industrial Design Application in Integrated Ceiling 
Product Innovation. Advanced Materials Research 421 (2012) 



P.L.P. Rau (Ed.): CCD/HCII 2013, Part I, LNCS 8023, pp. 76–85, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Some Thoughts on Haptic Aesthetics  
for Design Transmodal Aesthetics 

John Kreifeldt 

Professor Emeritus of University Tufts University 
Medford, MA USA 

John.Kreifeldt@tufts.edu 

Abstract. Designing for total user satisfaction is or should be the goal of human 
centered product design. However, satisfaction is a complex function of multiple 
interdependent variables many of which are only recently being explored. 
Among these are the haptic senses and sensations. Considerable research atten-
tion is currently given to them particularly in interface design. However, the 
existence and role of haptic emotions and aesthetics in product design and their 
interactions with visual aesthetics and emotions seem to be comparatively 
overlooked. The proposition is made herein that an object should be so designed 
that it is as pleasurable to hold and use as it (or its image) is pleasing to look at. 
Furthermore, it should be so designed that viewing it or its image arouses the 
appropriate virtual haptic responses. That is, the object should be designed so as 
to maximize its haptic as well as visual aesthetics and emotions. As an aid to 
progress in this area, this paper makes the argument for more recognition of the 
existence of a visual  virtual haptic synesthesia; the evocation of mentally 
aroused haptic sensations which follow on viewing an object or even its image. 
Such sensations may lie below the conscious level but still be potent in forming 
the viewer’s total aesthetic and emotional response to an object. 

The descriptor “transmodal aesthetic” is used here in postulating a related 
phenomenon in which a feature or object which affects one sensory aesthetic will 
influence the aesthetic response of another sense. In the product case for instance, 
this occurs when an object or feature of it which is pleasing to the haptic senses 
results in the object (or image of it) being pleasing to the visual sense. This 
postulates or acknowledges that if the hand finds something pleasant/unpleasant, 
it will evoke pleasing/displeasing emotions to the eye rather than vice-versa. 

Because we are not often consciously aware of the haptic sensations evoked in 
us by visual stimuli, we must learn to conscientiously attend and respond to them. 
This will greatly increase our appreciation of art in general and product design in 
particular. 

This paper is a discursive attempt to set out several aspects of fundamental 
virtual haptics which should be explored in their role of providing haptic pleasure 
as an important aspect of product design. Several areas for research into haptic 
aesthetics and their relationship to visual aesthetics particular for products are 
suggested. 

Keywords: aesthetics, art, design, haptics, product, sculpture, synesthesia, 
transaesthetic. 
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1 Introduction 

“Haptic” is derived from the Greek haptikos, from haptesthai, meaning to touch or 
grasp. Haptic includes the tactile sensations through skin receptors, kinesthetic and 
proprioceptive sensations from the muscles and joint receptors. It is the most important 
sense in that we can live without sight and hearing but without haptic sensations in-
forming our brain of our interior and exterior world and our relation to it, we would 
perish. We would be unable to do such things as make coordinated movements or feel 
pain and all that follows from those deficits. Considerable scientific attention is finally 
being devoted to issues of the haptic senses for interfaces and industrial purposes[1].  
However researches into haptic aesthetics for product design appear to be in its infancy. 
This paper discourses on issues of haptic responses to visual stimuli using as examples, 
faute de mieux, pictorial stimuli. 

We often describe what a product looks like by how we imagine it would feel.  For 
example, we commonly describe (at least in English) an object as looking “heavy”, or 
“hard” or “sharp” or “soft” or “cold” or “sticky” or any of a number of fundamental 
haptic descriptors. But we don’t describe how something feels by how it looks. We 
don’t say that something feels “red”, or “dark”, or “high”, or such. As will be stated 
later, it seems that in a general sense, the hand informs the eye rather than vice versa. 

Consider this quote discussing a recent textile exhibition: “… finely woven silks in a 
display so visually intense you could swear you feel the fabrics’ smoothness on your 
skin”[2] [italics mine]. The writer is describing her very intense virtual haptic sensation 
in response solely to visual stimulation. 

In fact, there is a powerful urge to touch objects[3]. Gombrich[4] relates that visitors 
in front of a life-size marble sculpture of a large furry dog generally wanted to stroke it. 
In fact the custodians had to wash it once a week because so many did. He further says 
that: “… the stroking gesture may well have been compounded of irony, playfulness, 
and a secret wish to reassure ourselves that, after all, the dog was only of marble.” [This 
suggests some reasons why people want to touch objects.] Nor are such impulses 
confined to actual objects. Gombrich further relates the great but controversial art 
connoisseur and critic Bernard Berenson’s account of “ideated sensations” in front of 
paintings which stimulated his tactile sense and changed the tonus of his muscles. [This 
suggests how an object, in this case a painting, can affect a sensitive observer.] Gom-
brich also mentions that touching things can serve as a cross-check on hypotheses we 
may form about an object. 

Figure 1 shows a kitten sleeping in a woven basket. In this picture we have the 
pleasurable though virtual haptic finger sensations as though we were feeling the soft 
fur of the sleeping kitten as well as running our fingers over the strongly textured 
basket. Part of the pleasurable sensations, both visual and virtual haptic, lies in the 
contrast between the wispy, soft, irregular fur of the kitten and the hard, bumpy, 
 regular surface of the basket. These contrasts add to more than the separate virtual 
sensations. It is not too much to say that we can “feel” the small head and body of the 
kitten as well. 
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copying of shape and shadow which speaks only to the eyes.”[7]. He also speaks of 
reproductions of a painting being impossible to convey truly the tactile quality of the 
handling of a painting depending as it does “on a variety of touch and texture, impasto, 
scumbling, and glazed transparencies, all of which are painterly qualities.” 

The phenomenal Taiwanese sculptor/artist Mary Leu[8] can sculpt wood as in Figure 
4 so expertly that it not only fools the eye (a 3-D trompe-l'oeil) but it can also give rise 
to the most powerful virtual haptic sensations as though it were also being felt. Her skill 
at producing minute texture and the appearance of fabric is astounding. Viewing this 
picture in Figure 4 of the actual sculpture still produces very strong virtual haptic 
sensations of the fabric’s texture and pliability. Viewing the actual piece in her gallery 
in Yilan, Taiwan produces not just visual pleasures but also the additional pleasurable 
virtual haptic sensations of actually lifting and manipulating it. 

 

 

Fig. 4. Carved wood shoe 

2 Virtual Haptic Synesthesia 

Based on the above comments and examples, Figure 5 suggests a visual  (virtual) 
haptic synesthesia, i.e., the evocation of virtual haptic sensations triggered by stimu-
lation of the visual sense (but not vice-versa although there may be such cases[9]). The 
figure illustrates that in viewing the actual object we can consciously attend to other-
wise unconscious virtual haptic sensations arising from the imagined sensations 
evoked by the object’s textures, hardness, and more which are primary to touch. Other 
virtual haptic sensations such as size, thickness and thinness can be aligned with the 
imagined spread of the fingers and finally the virtual haptic sensations of weight, 
balance and the important but elusive sense of the moment of inertia (MOI) although 
the latter is unlikely to be accessible virtually in as much as the object’s MOI which 
pertains to the distribution of the mass about some point such as the balance point, 
center of gravity or point of grasp. MOI is a physical property which like the center of 
gravity is not visible but is a definite factor in haptic sensations. 
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Considerable attention is appropriately paid to the role of texture in design. (This 
includes two and three dimensional art objects such as in Figures 5.) But designers 
should be aware that tactile sensitivity as defined by the two point threshold declines 
fairly severely with increasing age[11]. This however does not likely apply to those 
virtual haptic sensations, pleasurable or otherwise arising from viewing objects. 

Although as illustrated in the examples above we readily form strong virtual haptic 
sensations from visual images, we are considerably less able to make a mental image of 
an object from haptic information. This is familiar to those who have played games as 
children where the objective was to identify an object while blindfolded and so leaving 
only haptic sensations for that purpose. 

Imagine looking at a picture or object. We cannot “take it in” all in one glance. Our 
field of sharpest vision is a cone about 30 wide. Therefore only that which falls within 
this cone is imaged sharply on our retina while that which lies outside is less and less 
sharply imaged as distance from the cone center increases. For example, if we look at 
an image which is 3 feet away, the spot of sharpest vision is about 2 inches across. So 
that a painting which is, say, 2’ x 3’ requires our shifting the 2” diameter vision spot 
over its surface while our mind builds up an image composed of these many shifted 
retinal images. For a simple example, look at a word on this page and while staring at it 
and without shifting your gaze, try to discern what the words are two to the left and 
right and two lines above and below. At a common reading distance of 18”, the sharpest 
field of view of the 30 cone is about 1” across on the paper. 

Similarly, we cannot identify an object by “feel” all at once. We must “feel” it at our 
fingertips, finger spacing, tactile and thermal properties, etc. Also we assess its static 
and dynamic properties such as its weight, balance and MOI. Out of this we try to form 
a mental image as a composition of all this information. However, haptic-to-visual 
synesthesia is not as direct as visual-to-virtual haptic. 

During April, 2012, an illustrative interactive haptic experiment was in place at the 
Shisanhang Museum in the Bali District of New Taipei City in Taiwan. An object such 
as the pistol in Figure 7 was hidden from view inside a box into which the hand could 
be inserted and the object “felt” by moving the fingers over it. Importantly, the object 
was fixed in place and could not be moved or picked up. For all but the simplest objects 
I found it very difficult or impossible to identify them. For example, I could not identify 
a .45 caliber pistol although I have handled handguns many times and this type in 
particular during my military service and elsewhere. Perhaps the difficulty in identi-
fication was because I could not actually pick it up and orient it in my hand, or because 
the object was fastened in an unfamiliar orientation. This has many interesting aspects. 
Perhaps if I could have actually picked it up, I would have been able to identify it. 
Moving my fingers around on it did not help. That is, I could not form a mental image 
from the partial haptic images although there was no doubt that they were strong.  I 
was able to identify such features as texture on the handle and body, the ring of the 
trigger guard, sharp projections of hammer and sight, etc., but not the whole. Thus 
while vision  virtual haptic synesthesia is quite strong, the reverse; haptic  vision 
seems to be much less strong which is itself an important researchable issue. 
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Fig. 7. .45 caliber pistol oriented "upside down" 

It is a very worthwhile and sensitizing experience to spend some time in a museum 
in front of sculptures and objects and concentrate on the virtual haptic sensations you 
receive by mentally running your hands and fingers over their surfaces. (Of course, this 
can be performed anywhere.) Spend time in front of each object doing this and your 
enjoyment and appreciation of both the piece and its artist will increase dramatically. 
You can also do this in front of paintings by “feeling” the rounds and smooths, angles 
and lines and such and being attuned to the various emotions it evokes. 

To the extent our satisfaction with a product depends on how it actually “feels”, it is 
important in design to convey as much as possible its actual feel to the imagination of 
the viewer. Pleasant virtual haptic sensations as well as pleasing visual appearances 
could also be very important in a competitive purchase/use environment particularly for 
objects which cannot be handled prior to purchase. 

3 Transmodal Aesthetics 

I would like to use here the term “transmodal aesthetic” to describe the phenomenon 
by which one sensory aesthetic may influence the aesthetic response of another sense. 
I propose that to some extent our aesthetic and emotional response to visual images is 
based strongly on our actual (or virtual) aesthetic and emotional haptic responses. 
“The hand tells the eye” means that we learn much of our visual aesthetic/emotional 
responses from our haptic experiences. And this holds for both virtual and real haptic 
aesthetic responses. To what extent and under what circumstances this happens is a 
researchable question. 

So, as distinct from visual  (virtual) haptic synesthesia we have haptic aesthetics 
 visual aesthetics.  Instances of the latter are most clearly seen in the cactus-like 
spiky teapot of Figure 8. Our emotional reaction to this visual image must be based on 
our virtual haptic sensations which are themselves based on our actual (and usually 
painful) haptic experiences with sharp points. If we had never encountered sharp points 
before, it is unlikely that this image would affect our reactions in the disturbing manner 
it does. 
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Fig. 8. Spiky teapot art object ancoraimparo.org 

The image of Meret Oppenheim’s “furry cup and spoon” in Figure 9 is a further 
example of the haptic aesthetics  visual aesthetics.  In looking at this image of an 
actual object, we receive a strong virtual haptic sensation as though the cup or spoon 
were actually touching our lips and fingers. To the extent this haptic sensation is un-
pleasant, so is the visual emotion the image arouses. It is likely that our emotions would 
be even stronger if viewing the actual object of Figure 9.  If we had never had any 
haptic experiences with fur, it is again unlikely this image or the object would cause the 
reactions and emotions they do.  

 

 

Fig. 9. Breakfast in a Fur Teacup. Meret Oppenheim. 1936. 

4 Research 

The preceding discussion mentioned several researchable haptic/vision questions. 
Others are summarized below in no particular order. 
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1. How much do the aesthetics of the “look” of an object depend on the mental  
aesthetics of the “feel” of the object?  

2. How much do the aesthetics of the “look” of an object depend on the actual aes-
thetics of the “feel” of the object? 

3. To what extent and under what circumstances is there any relationship between 
mental and actual aesthetics of feel? 

4. To what extent do rankings by visual and haptic aesthetics of similar objects agree? 
5. To what extent do rankings by visual and haptic aesthetics of dissimilar objects 

agree? 
6. Are some people more sensitive to haptic aesthetics than others? 
7. What are the haptic dimensions of an object? 
8. What makes an object “feel good” in the hand? 

5 Conclusion 

Because of the pleasures and displeasures we (can) derive from our haptic senses, both 
virtual and actual, an object should be designed so as to be as pleasant to hold and use as 
it is pleasing to look at. Furthermore, it should be so designed that viewing it or its 
image arouses the appropriate virtual haptic responses. Research into the fundamental 
essentials of both real and virtual haptic experiences is in its infancy and represents 
perhaps the last frontier in design. 
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Abstract. The RFID-based road guiding cane is a navigation system especially 
designed for the visually impaired. Geographic location, traffic light signals, 
and business information are saved in a series of RFID labels constructed be-
neath the sidewalk. With the road guiding cane reading the RFID labels, the vi-
sually impaired can locate themselves, be aware of traffic light signals, and find 
business information near them on the road. After users set the destination, the 
cane automatically directs the routes for users via voice by specifying the cur-
rent location and keeping track of previous locations. Compared with the Global 
Positioning System, the RFID-based road guiding cane system is more reliable, 
more accurate, cost-saving, and versatile in providing precise location-based 
services for the visually impaired. 

Keywords: RFID, visually impaired, road guiding cane, navigation system, In-
ternet of things. 

1 Introduction 

Transportation safety can be a major issue for many people, especially those who are 
visually challenged. They could find themselves in very dangerous situations once 
they become lost and fail to receive help. Business information is also of great impor-
tance for them. Without knowing the surrounding environment, many people can have 
trouble finding shops or even a toilet when away from home on the road. Because few 
location-based services are often provided, the activity of the visually impaired be-
comes highly restricted. 

To reduce these information barriers, an intelligent navigation system has been  
especially designed for the visually impaired to assist them in road navigation and 
information acquisition. The RFID application is considered to be very helpful in en-
suring transportation safety of the visually impaired as well as helping to enrich their 
daily lives. 

This study first introduces an analysis of interviews we conducted on the visually 
impaired to learn more about their difficulties in real life. Shortcomings of current 
sidewalks are summarized with an introduction to RFID technology. Then, the RFID-
based road guiding system is presented for the overall system design, the hardware 
design, and the software design. Discussions and summary conclusions then follow. 
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2 Interviews of the Visually Impaired 

In December 2011, we conducted interviews with 10 visually-impaired people (8 
males, 2 females; ages: 53 to 74) to learn about the transportation difficulties they 
encounter in real life. Seven were totally blind, and the other three had very low vi-
sion. The subjects were interviewed at a social welfare organization called “Hong 
Dandan” in Beijing China. 

In the interview, we investigated the reasons why these individuals want to go out-
doors, what they would like to carry with them, places they often went to, behaviors 
when they walked on the road, vehicles they frequently took, the influence of weather 
changes, and whether they were always accompanied by other family members. Addi-
tional difficulties they encountered in real life were also surveyed. 

As identified from the interview, these individuals enjoyed to go to libraries to read 
Braille books or visit scenic spots to relax. Mobile phones, canes, and drinking cups 
were evaluated as necessary for them to carry. Besides, all of the subjects preferred to 
take the bus instead of the subway. They argued that subway transfers as well as the 
ticket system were too complex for them. Five subjects described their walking on a 
special sidewalk, while the other five would often walk against the curb of the side-
walk. Weather changes greatly influenced the choices of nine people when going out. 
Furthermore, only one person regularly ventured out with company. Others reported 
that they were always without company because they did not want to bother other 
family members.  

Results from the interview shed light on the development of a new cane system. 
All subjects carried some kind of cane with them and stated it was useful to detect 
objects and for them to be recognized by other pedestrians. However, they also com-
plained about the poor quality, the expensive price, and the heavy weight of these 
canes. They expected a cane of higher quality with more functions, and available at an 
affordable price. Nine subjects expressed their need for a navigation cane, and eight 
subjects preferred that the cane told them signal changes when they approached traffic 
lights. 

3 Improvement of Sidewalks 

Globally, the number of people of all ages who are visually impaired is estimated to 
be 285 million, of whom 39 million are blind [1]. Solving the transportation problems 
for these visually-impaired people will let them equally participate in social life. Cur-
rently, the main measure taken by the government is to build special sidewalks for the 
blind on the road. With the help of the sidewalk and the cane, the visually impaired 
can better sense objects in front of them and walk in a straight line or turn at cross-
roads. 
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3.1 Shortcomings of the Current Sidewalks 

The tile of the current sidewalk for the visually impaired has been designed in two 
patterns - on one, there are four convex strips indicating a straightforward direction; 
the other tile pattern is 36 convex circles (6×6) to alert the visually impaired to the 
end of a road, a crossroad, or non-barrier facilities. 

However, current sidewalk for the visually impaired has several inherent draw-
backs: 

• First, it only offers direction-leading and movement-restricting functions, so it 
cannot provide any location information to users. Thus, the visually impaired often 
miss their destination even they are on the sidewalk. In addition, visually-impaired 
people learn nothing about the facilities along the road, such as bus stops, shops, 
and public restrooms, which keeps them from taking advantage of these essential 
services; 

• Second, the sidewalks can easily have other obstacles that may hurt visually-
impaired users without any warnings;  

• Finally, the convex part of the tile may trip females who wear high-heeled shoes. 

3.2 Improvement Using RFID Technology 

Radio-frequency identification (RFID) is the use of a wireless non-contact system to 
transfer data from a tag attached to an object for automatic identification and tracking 
purposes [2]. Its appearance sheds light on the improvement of the current sidewalk 
for the visually impaired because it offers several advantages: 

• The RFID tag has a globally unique ID that can be used as a marker;  
• To discern the RFID tag doesn’t require a line of sight like the earlier bar-code 

technology [3]; 
• The passive RFID tag doesn’t require batteries [4]; 
• The distance for identification of the tag can be adjusted by modifying the coeffi-

cient of the RFID receivers as well as the tag itself [5]; 
• The RFID tags can be protected by passwords set for content. 

Thus, the RFID tag can store unique location information. In addition, as the tag re-
quires little maintenance, it can be constructed beneath the sidewalk and be discerned 
distantly. As the password can protect it from malicious interpolations, the RFID tag 
can be both endurable and cost-saving. 

In previous studies, the RFID was applied in a robot-assisted indoor navigation 
system [6, 7]. Kulyukin et al. utilized the RFID in robot-assisted navigation in grocery 
stores [8]. However, the robot was too big to carry. Apart from these studies, Shiizu et 
al. developed a white cane system that helped navigate people indoors using a colored 
navigation line and the RFID tags at turning points [9]. However, if this system was 
applied outdoors, the stability of the system would be challenged because the colored 
line could be damaged too easily. 
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4 System Design 

4.1 System Overview 

As shown in Fig. 1, the RFID-based road guiding system has two parts- the RFID tags 
and the road guiding cane. Location and business information is previously stored in 
the RFID tags which are later constructed beneath the sidewalk. When a visually-
impaired person walks on the special sidewalk, the RFID receiver inside his road 
guiding cane will identify the RFID tags nearby. After the RFID tags are discerned, 
that information is transmitted to the embedded system in the cane. According to the 
type of information recorded, the embedded system will present business information 
or perform a real-time calculation to give precise direction to the destination. The 
feedback is given via voice. 

 

Fig. 1. System design under navigation mode 

RFID tags with static content are put beneath the sidewalk. RFID tags with dynam-
ic contents are used to indicate the traffic-light signals. As shown in Fig. 2, when the 
visually impaired person gets close to the traffic lights, the RFID receiver on the cane 
will identify the RFID tag with dynamic traffic content. The content of this tag is 
overwritten by an RFID transmitter on the traffic lights with the current signal. Thus, 
a person can obtain the current light information correctly via his cane. 

 

Fig. 2. System design under traffic-lights mode 
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It is often the case that roads are under maintenance and warning signs are placed  
around the obstacles. However, visually-impaired people cannot see these clearly; thus  
they are at serious risk. In order to ensure their safety, an RFID tag with obstacle con-
tent can be pasted on the warning signs. As shown in Fig.3, when the visually-
impaired person approaches a warning sign, the road guiding cane will identify the 
RFID tag containing the obstacle information. Then, a warning is sent to the person 
via voice. Because the RFID tag is attached to the warning sign, as soon as the main-
tenance is over and the sign is removed, there will be no warning tags on the original 
sidewalk. 

 

Fig. 3. System design under obstacle-detection and business information modes 

RFID tags can store not only location, traffic-light signals, and warnings, but also 
business information. Shops along the route can place their product sales as adver-
tisements into the tag in front of their shops; bus groups can store bus routes inside 
RFID tags near bus stops; public restrooms can also publish their locations. This ex-
tensibility may attract more sponsors to participate in the system construction, either 
by putting advertisements or other useful information in the RFID tags. 

4.2 Hardware Design 

RFID Tags 
As shown in Fig. 4, each RFID tag contains two data parts. The first part specifies the 
type of tag- a normal static tag, a dynamic traffic tag, or a warning tag. The second 
part stores the text used to express the location, business message, or warning infor-
mation. All content is protected by a password associated with the unique number of 
the RFID tag. Further, all passwords are kept in a safe database. 

 

Fig. 4. Data storage in the RFID tag 
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According to users’ suggestions in the interview, the distance between two consec-
utive RFID tags with static content is suggested to be 2 meters. The working frequen-
cy of the Ultra-High-Frequency RFID tags would be set at 915MHz to facilitate dis-
tant tag reading. 

Road Guiding Cane 
As shown in Fig. 5, the road guiding cane has three parts: Input, computation, and 
output. Keys were carved with Braille characters on the top of the cane for input. The 
RFID receiver with an antenna is utilized to identify the RFID tags within a region. 
All RFID tags form a network in which a single tag is treated as a node. If two nodes 
are connected to an edge, they become the closest nodes to each other. The map of the 
network is then stored in the memory. Then, the input is conveyed to the Micro Con-
trol Unit (MCU), which identifies the type of tag and calls different treatments. The 
message is finally outputted by an output trumpet with a power amplifier. 

  

Fig. 5. Hardware framework for the road guiding cane 

A prototype of the road guiding cane is shown in Fig. 6.  

 

Fig. 6. Prototype of the road guiding cane 
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4.3 Software Design 

The objective of the algorithm inside the MCU is to treat input information differently 
based on its type. If traffic-light signals are received, then the output message will be 
the signals. If warnings of obstacle are detected, then the trumpet outputs a warning 
message immediately. 

As for normal static RFID tags, the aim of the algorithm is to give correct naviga-
tion to the destination. After the target is chosen by the user, the algorithm keeps a 
record of the location discerned. When a new RFID tag is scanned, the shortest path 
from this node to the final destination is computed using the Dijkstra algorithm [10]. 
As with previous locations, the current location, and the next optimal location are 
already determined, it is easy for the system to compute the direction of the next 
movement. In addition, navigation direction can be determined. 

The program has been optimized as a robust design. It is known that when the 
RFID receiver detects a tag, it will often read it thousands of times in a second. This 
repetitive reading can be a major interference for the system. To solve this problem, 
the program reads 20 tags in each round of the algorithm. It then selects the tag with 
the highest occurrence frequency. We experimented in the process to show very good 
results in real contexts. 

When visually-impaired people walk on the sidewalk, there are three potential cir-
cumstances where things can go wrong. The first circumstance is that they walk in the 
wrong direction and the tag being read is not on the optimal path to the desired desti-
nation. In this circumstance, the program will recalculate the optimal path, and navi-
gate correctly with the help of previous locations. The second circumstance is the 
person misses some tags on the optimal path. In fact, this issue would not disturb the 
navigation. Hence, the program would not recalculate the optimal path. The third 
circumstance is when the person walks so slowly that the system reads the same tag 
multiple times. The system, however, is able to detect repetitive tag reading, so when 
this happens, repetitive routing will be neglected by the system. 

5 Discussion and Conclusions 

Compared with the Global Positioning System, the RFID-based road guiding cane 
system is better for the visually impaired in three respects. 

First, the system is more accurate at providing location services. As for the GPS, 
the highest quality signal is reserved for military use, and the signal available for civi-
lian use is intentionally degraded. The precision of civilian GPS is 10 meters (33 ft) 
[11]. However, the precision of the RFID-based road guiding system could be less 
than 1 meter (3.3 ft) if the parameters of the RFID receiver and RFID tags are proper-
ly set. Moreover, the GPS signal only covers outdoor locations, while the RFID-based 
system covers both outdoors and indoors if tags are laid at these places.  

Second, the RFID-based system has more functions and contains business informa-
tion that can greatly enhance the life quality of the visually impaired. By applying the 
RFID-based road guiding system, the visually impaired will not only get needed navi-
gation services, but also acquire business information as well. For example, when a 
person walks past a shop, he or she will hear it from the cane. Thus, that person is 
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able to “see” the shop just like a person with normal vision. On the other hand, the 
shop can put advertisements inside the tag and also support the construction of the 
sidewalk near its shop. 

Third, the system costs less and is easy to update. The cost of the UHF RFID tag is 
less than $0.1 and the road guiding cane is about $100. The system is also easier to 
update than a GPS is. For the GPS, if new information is added, the whole system 
must be updated with firmware that might be as large as several gigabytes. However, 
if new tags are added to the RFID-based system, one only needs to modify the related 
RFID tags using an RFID writer. The sidewalk also needs no reconstruction since we 
could modify all tag content instantly via a password.  

In this study, we carried out a “user-centered design” for the visually impaired so 
as to build an RFID-based road guiding system. Location, traffic light signals, and 
business information are kept in the UHF RFID tags constructed beneath a sidewalk. 
With a road guiding cane reading these RFID tags, a visually-impaired person can get 
navigation services, traffic light signals, business information, and warnings for ob-
stacles when walking on that sidewalk. Compared to the use of a GPS, the proposed 
system has better accuracy and precision, more functions, and a major price advan-
tage. This study should be followed by a field test of the visually impaired using this 
new system. 
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Abstract. Taiwan’s local industries are well-developed; however, over time, 
various local industries have encountered the problem of transformation. This 
change has prompted businesses to gradually shift their focus to aesthetics and 
emotional design when developing new products. Consequently, Taiwan’s  
Ministry of Economic Affairs and small and medium enterprises (SMEs) share 
the objective of recreating local commercial opportunities to assist in local            
industry development and promote product innovation regarding Taiwan’s local 
characteristic industries. The following topics are worthy of further                 
investigation: (1) whether products’ added cultural value can elicit consumer 
acknowledgement and generate deep emotional impressions; (2) whether a   
correlation exists between the emotional perception of these cultural products 
and cultural elements; and (3) whether new values can be created using an      
interdisciplinary collaborative model of local characteristic industries and       
industry optimization transformation. Considering globalized competition,     
designers should seek the essence of originality from their own culture and     
establish a unique cultural distinction for local characteristic products to        
improve the product design value and competitiveness. Based on data analysis 
and a literature review, this study analyzed the development of an integrated            
relationship between Taiwan’s local characteristics and design industries. Data 
from relevant analyses indicated the following: (1) Localized life and cultural 
characteristics and local spirit can sufficiently influence the innovation of local 
characteristic products; (2) successful local characteristic products must satisfy 
three levels of emotional design, namely, the visceral, behavioral, and reflective 
levels; and (3) integration of local characteristic industries and the experience 
economy concept requires an interdisciplinary exchange platform to stimulate 
industry innovation and drive emerging industries.  

Keywords: local characteristic industry, emotional design, cultural product,   
interdisciplinary. 

1 Introduction 

Driven by globalization and technologization, the twenty-first century features highly 
competitive markets that have prompted nations throughout the world to shift their 
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economic focus to a culturally centered industry orientation. Subsequently, innovation 
and creativity have become the foundations of industry development. A country’s 
prosperity is fundamentally determined by whether it possesses superior innovative 
mechanisms and abilities, and whether it can obtain an advantage in international 
competition. The primary role of government is to improve the production environ-
ment to stimulate business upgrades and innovations [1]. In 2002, the Executive Yuan 
in Taiwan began promoting the Challenge 2008: Six-Year National Development 
Plan as the most important current domestic policy. This plan included the Cultural 
and Creative Industry Development Plan, which incorporates the One Town One 
Product (OTOP) policy and generated emerging industry concepts, such as tourism 
and creative living, to form a more substantial and sustainable economy [2]. Local 
characteristic industries warrant considerable attention because the majority of people 
employed in local traditional industries are residents of rural villages, particularly in 
the Asia-Pacific region. Therefore, enhancing the development of local cultural indus-
tries is extremely significant for maintaining economic stability and promoting sus-
tainable development. Relevant knowledge and skills must be transferred to manufac-
turers, and the value and cultural significance of products must be conveyed to poten-
tial consumers [3]. The primary topics discussed were as follows: (1) the correlation 
between local characteristic industries and cultural products; (2) the relevance of cul-
tural products regarding the mode of emotional experience design; and (3) the  
correlation between local characteristic industries and design in interdisciplinary  
collaboration. 

2 Literature Review 

2.1 Design of Cultural Products with Local Characteristics 

Local characteristic industries include industries unique to a region and traditional 
industries that exhibit individualism and excellent characteristics after repackaging 
[4]. Cultural product designs target local characteristics to re-examine and reconsider 
relevant cultural elements, employ creative designs, and emphasize cultural identity to 
present cultural elements with a new appearance and explore users’ psychological 
satisfaction [5]. Consequently, the relationship between the designer, consumer, and 
product is further defined on a cultural level, particularly emphasizing the mutual 
effects of culture and products. Cultural product designs do not only originate from 
the designers’ knowledge and imagination, but also from the designers’ understanding 
of consumer lifestyles and the influence of a product’s cultural background. In     
addition to embodying traditions and symbolism, culture plays an active role through 
commercialized creativity [6]. With culture as a medium, local characteristic products 
provide satisfaction to consumers on both functional and psychological levels.      
Finally, designers project their personal experiential affect onto products by          
illustrating cultural perceptions that resonate with consumers and satisfy their       
affective needs (Fig. 1). 
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Fig. 1. Mode of value added through cultural creativity (Lin, 2007) 

2.2 Emotional Design of Local Characteristic Products 

Considering the development trends and effects of a globalized economy, designs 
have gradually exhibited a consistent and international style that corresponds to the 
increasing similarity of lifestyles despite environmental variations. However, without 
individual characteristics, these designs cannot reflect regional cultural characteristics 
[7]. Various countries throughout the world have begun developing design styles that 
accentuate their personal cultural characteristics; this has resulted in design variations 
that highlight the current globalized design trend of seeking differences within      
commonality. This trend entails enhanced shaping of characteristics through design 
localization to address the current challenges of market globalization. Furthermore, 
greater emphasis is placed on adding value to products through design to transfer key 
elements, such as brand culture and value [8]. Norman identified another crucial    
factor for products besides function, that is, emotion. Emotional design comprises the 
following three levels: visceral (the external appearance and texture of products), 
behavioral (product function), and reflective (individual feelings and perceptions) 
levels. Thus, emotional design is crucial for future developments in the design and 
service industries, which increasingly emphasize customization and interactive design 
to accommodate the design principles of different levels [9]. According to the above 
  

 

Fig. 2. The five dimensions of affective and cognitive reactions (Source: data compiled in this 
study, 2012) 
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discourse, which is summarized in Fig. 2, the emotional perception of local          
characteristic products reflects the mutual effects of the affective and cognitive     
reactions produced by the designer and consumer through the five dimensions of user 
needs, product function, product element, emotional design, and followers. 

2.3 Local Characteristic Industries and Interdisciplinary Design Collaborative 
Models 

Globally, industry development has shifted from the previous unitary manufacturing 
pattern to comprehensive experience economies. Similarly, Taiwan’s economic ac-
tivities have switched from traditional agriculture to business and services. With rapid 
industry and community changes, local characteristic industries have adopted diverse 
and comprehensive development directions [10]. Interdisciplinary resource collabora-
tion for local characteristic industries endeavors to increase the design service capaci-
ty and expand the application dimension of design aesthetics. The incorporation and 
cooperation of different industry disciplines can generate innovative creative elements 
(Fig. 3). Using interdisciplinary collaboration to resolve financial and aesthetic issues 
through design requires the participation and cooperation of interdisciplinary qualified 
design professionals. Thus, innovative local characteristic development can be 
achieved, stimulating the clustering of design service activities and facilitating the 
development of local characteristic industries [11]. 

 

Fig. 3. Service design requires an interdisciplinary collaborative team and collaborative crea-
tion methods 

3 Research Methods 

This study primarily employed a literature review and content analysis methods to 
conduct an investigation. The primary topics discussed were as follows: (1) the    
correlation between local characteristic industries and cultural products; (2) the    
relevance of cultural products regarding the mode of emotional experience design; 
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and (3) the connection between local characteristic industries and design in           
interdisciplinary collaboration. This study was conducted in four phases, which are 
briefly described below. 

• Phase 1: Based on related literature and using the Taiwan OTOP Design Awards as 
a case study, the business philosophy and development of this project was           
examined and analyzed. In addition, this phase targeted the background               
development of the Taiwan OTOP, assessing and tabulating the differences     
compared to that of other countries. 

• Phase 2: In this phase, 26 winning entries in the product packaging design category 
of the Taiwan OTOP Design Awards from 2007 to 2012 were analyzed.            
Specifically, the visual design elements of each entry were examined regarding 
cultural significance, cultural characteristics, and the correlation between brand 
culture and local industries. 

• Phase 3: From the perspectives of design material, function, and connotations, 
analysis was conducted using the degree of cultural perception regarding the local 
characteristic products of the case study. The analysis results were then matched to 
the three levels of emotional design (i.e., visceral, behavioral, and reflective       
levels). 

• Phase 4: The local characteristic industry development model of the Taiwan OTOP 
project was investigated using the content analysis method. Four design companies 
were targeted to conduct analysis regarding interdisciplinary collaboration with 
traditional industries. An integrated examination was performed after the local cha-
racteristic products that possess the three main elements of emotional design for 
each company were combined. This was conducted to identify the essence of    
Taiwan’s local cultures and to establish the cultural value and connotations of local 
characteristic industries. 

4 Research Results and Discussion 

4.1 Case Study Background and Business Philosophy 

With local industries as the foundation, the Ministry of Economic Affairs has pro-
moted the Taiwan OTOP project to achieve various goals, such as establishing an 
innovative economy, encouraging consumerism, and building a lifestyle of health and 
sustainability (LOHAS). Consequently, the policy objectives of revitalizing and   
promoting local economies and employment can be accomplished. 

Table 1. Various global representatives promoting the OTOP/OVOP (One Village One 
Product) movement each year 
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This global chronology shows that the OTOP movement, which originated in Asia, 
has spread to most countries throughout the world. This movement has attracted the 
attention of industries and markets and is the primary development policy of several 
governments worldwide, thereby achieving globalization. Table 1 shows that Taiwan 
began considering and promoting local characteristic policies fairly early; however, 
Taiwan’s local cultural industries continue to experience subsistence difficulties.   
Further investigation of local industry attributes and maturity is required to effectively 
address the inadequate depth and scope of local characteristic industries and provide 
assistance accordingly. 

4.2 Visual Design Elements of Local Characteristic Products 

This study sampled and tabulated 26 winning entries in the product packaging    
design category of the Taiwan OTOP Design Awards for 2007 to 2012. In this study, 
four commonly examined visual design elements (i.e., text, imagery, structural 
shapes, and materials) were summarized and analyzed. The results, as presented in 
Fig. 4, show that the majority of the designers used structural shapes complemented 
with storytelling to strengthen the link between the cultural characteristics and the 
product. The second most commonly employed design element was the inclusion of 
Chinese characters that expressed the essence of the work and demonstrated the    
integration of a unique local cultural spirit. 

 

Fig. 4. Visual design element analysis of the entries winning Taiwan OTOP Design Awards 

4.3 Analyzing Local Characteristic Products through Emotional Design 

This study conducted a three-level emotional design analysis of the 26 winning en-
tries in the product packaging design category of the Taiwan OTOP Design Awards. 
Visceral design refers to the product’s external appearance, form, and texture. The 
visceral level is users’ first impression of the product appearance; thus, functional 
design has a direct effect on the affect and resonates with the viewer.   Attraction is a 
visceral-level phenomenon, a reaction to the object’s appearance [12]. This study 
analyzed the texture and material dimensions of local characteristic products, which 
were defined by the extrinsic cultural attributes of visceral design. The classification 
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of general and local materials shown in Fig. 5 indicates that most (19) of the 26 de-
signers used general materials, and seven used local materials. 

 

Fig. 5. Visceral design analysis of local characteristic products 

Typically, behavioral design is directly correlated to usage and comprises       
functionality, comprehensibility, ease of use, and physical sensation. Among these, 
functionality is considered the most crucial on the behavioral level regarding product 
experience [13]. The behavioral design of local characteristic products emphasizes 
functional significance. At this level, designers strive for a supplementary function 
that enables users to experience Taiwan’s unique cultural atmosphere when using the 
product. This study conducted behavioral design analysis of the functional dimension 
of local characteristic product packaging designs. As shown in Fig. 6, a classification 
of single-function and multi-function designs shows that most (22) of the designs 
were single-function, although four were multi-function. 

 

Fig. 6. Behavioral design analysis of local characteristic products 

Reflective design focuses on the meaning of the message, culture, and product. 
Awareness, feelings, emotions, and perceptions exist only on the reflective level, which 
easily varies according to differences in culture, experience, education, and among 
people. Design on the reflective level can induce strong and continuous effects in users 
that typically requires a reaction and time to develop [14]. The reflective design of local 
characteristic products emphasizes memories and individual perceptions and cognition. 
At this level, designers endeavor to create a memorable and shareable story for users. A 
classification of the natural landscape and historical human elements indicates that either 
of these two elements accounted for 50% of the entries (Fig. 7). 



Exploring Local Characteristic Product Analysis from an Emotional Design Perspective 101 

 

Fig. 7. Reflective design analysis of local characteristic products 

According to the results of the three-level emotional design analysis of cultural 
products examining the visceral, behavioral, and reflective levels (Figs. 6 to 8), this 
study differentiated the variations by quantity and concluded the following: (1) From 
a visceral design perspective, the number of local characteristic products that used 
general packaging materials more than doubled the number of products that used local 
characteristic materials; (2) from a behavioral design perspective, the number of   
single-function winning entries exceeded the number of multi-function winning   
entries; and (3) from a reflective design perspective, the difference between the     
number of culture-themed designs that used the natural landscape and the designs that 
used historical humanity was minimal. 

4.4 Interdisciplinary Collaboration Analysis of Local Characteristic Industries 

Taiwan OTOP project recommended collaboration by combining differing industries 
and pathways and using these cooperative relationships to design products with deve-
lopable value. The results of the survey are summarized as follows: (1)  Applying 
design to create value: transform cultural products, preliminary products, services, 
and experiences into optimal products or services acceptable to consumers, and pro-
mote the value perception of design throughout industries and society to   enhance 
the overall quality of life and the environment. (2) Using creative ideas for design: 
revitalize traditional products by combining the creative ideas of local characteristic 
business owners and design professionals, applying local characteristics, and adopting 
Taiwan’s native local materials. (3) Effectively employing innovative technologies 
for design: Use the advantage of industry clusters and improve technological innova-
tion to prompt the development of traditional industry values, establish interdiscipli-
nary design exchanges, and enhance domestic design development and competitive-
ness. 
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Table 2. Case study of interdisciplinary design collaborative models for cultural products 

 

5 Conclusion 

This study conducted a preliminary investigation of cultural products and the use of 
emotional design modes by local characteristic industries. This study found that the 
product packaging designs that use local characteristics are mostly developed from 
unique local resources to produce differentiable characteristics that can be incorpo-
rated into the local image. Overall, interdisciplinary design collaboration enables 
traditional industries to create works with connotations that convey a mutual under-
standing. The findings of this study are summarized as follows: (1) Localized life and 
cultural characteristics and local spirit can sufficiently influence the innovation of 
local characteristic products. From the perspective of economic development, the 
emergence of local characteristic industries is based on internal demand. Local cha-
racteristic products can be expanded to export sales and, thus, provide a source of 
survival for local economies. Additionally, industry supply can be increased by culti-
vating Taiwanese brands, creating product differentiation, and combining products 
and service; (2) successful local characteristic products must satisfy three levels of 
emotional design (i.e., the visceral, behavioral, and reflective levels), seek design 
innovation by overturning traditions, and create a newfound awareness of the local 
area and an accumulated affect for current generations. Subsequently, the develop-
ment of local characteristic products in Taiwan can expand and prosper, as well as 
reinforce intangible values, such as residents’ influence, generosity, and skills; (3) the 
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integration of local characteristic industries and the experience economy concept 
requires a platform for interdisciplinary design exchanges to stimulate industry inno-
vation and drive emerging industries. The aesthetics of traditional industries must be 
continually enhanced, and the sustainable development of these industries is only 
possible through the incorporation of design. 

References 

1. Tung, H.: Theoretical basis and direction of the transformation of government industrial 
policy in the context of economic globalization. Academia Bimestris (6), 112–117 (2008) 

2. Hsieh, M.J.: Taiwan OTOP Project. The National Policy Foundation (2012) 
3. Liao, S.Y., Hsu, C.P.: Policy to promote industries with local characteristics - Japan, 

Thailand and Taiwan as an example. Local Self-government and Democratic development 
Seminars. B2-1-1 - B1-12 (2009) 

4. ITRI, The local characteristics heritage transformed the local industry. Industrial Devel-
opment Bureau, MOEA (2003) 

5. Chen, C.C., Li, Y.J.: The Application of Kano Model on Exploring the Attractive 
Attributes of Cultural Product Design. Journal of Design 13(4), 25–41 (2008) 

6. Lin, R.T.: Learning Principles of Chinese Character for Product Design. Art Apprecia-
tion 1(6), 1–9 (2005) 

7. Ho, M.C., Lin, C.H., Liu, Y.C.: Some Speculations on Developing Cultural Commodities. 
Journal of Design 1(1), 1–15 (1996) 

8. Lin, R.T., Lin, P.S.: A Study of Integrating Culture and Aesthetics To Promote Cultural 
and Creative Industries. Art Appreciation 5(2), 81–106 (2007) 

9. Norman, D.A.: Emotional Design. Basic Books, NY (2004) 
10. Huang, Y.M.: Labor Transitional Process in Taiwan. Journal of Cyber Culture and Infor-

mation Society (1), 257–278 (2001) 
11. Tang, H.H., Lin, Y.Q.: The Influence and Problems of Scenario Design Approach on  

Multi-disciplinary Collaboration Design. Journal of Design 16(3), 21–44 (2011) 
12. Lee, C.K.: A Study on the Husserl’s Concept of Affection. Philosophy Research Papers. 

National Chengchi University, Taipei (2007) 
13. Tsai, Y.J.: Some Phenomena of College Students’ Use of. Mobile Phone in terms of 3-

Level Emotional Design. Design Management Research Papers. Ming Chuan University, 
Taoyuan (2010) 

14. Chung, Y.S.: Exploring emotional concept for product design issues. Industrial Design  
Research Papers. National Yunlin University of Science and Technolog, Yunlin (2006) 



P.L.P. Rau (Ed.): CCD/HCII 2013, Part I, LNCS 8023, pp. 104–112, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

The Cognitive Difference  
of Visual and Imaged Tactile Sense of Product Forms 

Mei-Ting Lin1, Jui-Ping Ma1, and Chih-Long Lin2 

1 Graduate School of Creative Industry Design,  
National Taiwan University of Art, Taipei, Taiwan 

2 Crafts & Design Department, National Taiwan University of Art, Taipei, Taiwan 
gua_gua@mail2000.com.tw, artma2010@gmail.com, CL.Lin@ntua.edu.tw 

Abstract. Product morphology has affected the diversity of consumers’ prefe-
rence. When consumers obtain the product image through perceptual organs, it 
is possible for the visual sense to replace other senses and generate synesthesia. 
This study is intended to explore: 1. whether if the visual sense and imagined 
tactile sense of product forms are consistent in preference; and 2. whether if the 
cognition preference of the four products with different figure is consistent 
when viewing the objects simultaneously and individually. The experiment de-
signed four cups with different forms and separately processed a two-phase test 
of the visual and imagined tactile senses. The analysis result shows that visual 
and imagined tactile sense possesses slight consistency with product preference, 
which both reached significant level. Therefore, the preference results of most 
test subjects in both visual and imaginary tactile sense achieved consistency. 
Among the four cups, Cup 2 revealed far lower score in the visual sense than in 
the tactile sense within the pleasure degree, while Cup 3 shown far greater visu-
al points than tactile. The results of experimenting the four cups with different 
forms yet with same color and material, did not agree with our hypothesis, the 
anticipation to see and the anticipation to touch were in inverse proportion. The 
outcome indicated that creative design products via the consumer’s view may 
emerge cognitive difference. Thus, the results of this study can provide products 
which are in development a better understanding of consumer perception and a 
foundation for future studies. 

Keywords: Product Form, visual, imagined tactile sense, cognitive differences. 

1 Introduction 

The cultural creative industry has rise in recent years, “the necessity of to cultural 
product development is to improve the quality of life and social and cultural levels, 
thus, design is no longer the pursuit for technical development and beautiful forms, 
but to focus more on cultural heritage and maintenance” [4]. A designer incorporates 
images into products with the employment of one feature and collocating with other 
kinds of features to produce his/her creations based on the needs, feelings, and ideas 
of people. However, the perceptual capability to images varies from person to person, 
therefore, designers is required to have a good interest and idea of how images, forms, 



 The Cognitive Difference of Visual and Imaged Tactile Sense of Product Forms 105 

and the characteristics of forms are related when the products employed as a media to 
convey the imagery [7].  Through consumers’ concern, products create semantics, the 
conveyance of the semantics direct response of the products, which includes expres-
sion of preference. Semantics is generated through sensory organs, the senses of sight 
and touch are the cognitive interface of human’s primary perception towards prod-
ucts, thus, the Drink Up cup series the from JIA Inc., was selected as test samples to 
acquire the following two goals: 1. whether if the visual sense and imagined tactile 
sense of product forms are consistent in preference; and 2. whether if the cognition 
preference of the four products with different figure is consistent when viewing the 
objects simultaneously and individually. The Drink Up series consists of four cups 
with various forms designed for four family members or friends so that each person 
can recognize his/her cup  without confusion. With such interesting creativity, a test 
was conducted to find out whether if intention of different forms can really meet the 
expectations of general consumers. 

2 Product Image  

The visual sense has a dominance trait towards the complex sensory perception of 
vision and touch and is often a substitute for the tactile sense. From an application 
level, people in general rely more on the visual sense in perceiving the image of a 
product, which explains the possibility that complex sensory perceptions are replaced 
by the visual sense in the same context [2].  Perception is the main foundation for 
people to transform the product form into image. In addition to acquiring perceptual 
experience from the stimulation of sensory physiology functions, it can also be ob-
tained through a person’s subjective interpretation of stimulations, which classified as 
sophisticated psychological activity, a few psychological factors may affect the per-
ceptual experience [6]. The activity of forms starts with conveying the expression of 
an idea and ends with the perception of understanding, the core of the two activities 
resides in expression and communication. Creative activities originate from the dialo-
gue between the thoughts of the creator, thus, communication consists of not only the 
outward conveyance of the creator’s ideas and the interaction between thoughts with-
in, but also the internal feelings, transformation, sharing, and propagation of the au-
dience [1].Image is a psychological feature, it consist subjective experience to a cer-
tain level and is also the reproduction of perceptual experience – creating associative 
thinking via characteristics expressed by the conceptual meanings of an object 
through a series of psychological processes consisting perceptual feelings, percep-
tions, and cognition [3]. The image cognition of product is correlated with the life 
experience and cultural background of the user, which is classified as the emphasis of 
perceptual experience in the psychological process; associative thinking includes 
“visual,” “tactile”, and “manipulative” [5]. 
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Fig. 2. Analysis diagram 

4.1 Analysis of Preference for Visual and Imagined Tactile Senses 

Phase 1 analysis: the results of rankings given in “visual sense” test of Stage 1 and 
“imagined tactile sense” of Stage 3 were then processed the aggregation of the indi-
vidual rating frequency to verify the hypothesis of consistency between visual senses 
and imagined tactile senses. In both stages of the test, the examinees were allowed to 
view the four cups simultaneously and write down the rankings for each cup based on 
their preference. Figures 3 are the quantity distribution outcome of the visual sense 
test preference ranking and imaged tactile sense test rating of the four cups. The result 
reveals that cups 1 and 4 possess preference consistency between visual and imagined 
tactile senses; as for cups 2 and 3, the quantity outcome which ranked first place 
showed difference in the preference distribution of visual and imagined tactile senses. 
Only 15 test subjects gave first place to cup 2 regarding visual preference, whereas 29 
rated first place in imagined tactile sense. For the quantity distribution of  the second 
to fourth places, consistent decline was found in range of both visual and imagined 
tactile senses, indicating that the test subjects expected more tactile preference from 
cup 2 than in visual preference. For cup 3, thirty three test subjects gave first place in 
visual preference, while only 16 gave tactile preference first place. The consistent 
decline of the visual and imagined tactile sense preference range indicates that cup 3 
provided test subjects with greater visual pleasure than tactile anticipation. One inter-
esting finding is that of the four cups, the form difference between cups 2 and 3 was 
the smallest, yet the degree of difference after analyzing was actually greater than the 
other two cups. 

Phase 2 analysis: a cross-reference was processed to analyze the individually ex-
amined preference results obtained from the “visual sense” test of Stage 2 and “im-
agined tactile sense” test of stage 4. It was assumed that in Phase 2 analysis that the 
preference should be consistent no matter if the four cups were observed collectively 
or individually, therefore, the result should correspond to the outcome of 1 analysis. 
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Fig. 3. The quantity distribution outcome of the visual sense test preference ranking and im-
aged tactile sense test rating of the four cup 

During the test, the examinees were allowed to see only one cup at a time before rat-
ing the preference of the cup on a 1-10 point scale, 1 being the lowest and 10 being 
the highest. The Stage 2 “visual sense” test and Stage 4 “imagined tactile sense” test 
were then conducted separately, the ratings for each of the cups obtained from the two 
stages were added together (see Table 1). After acquiring the aggregation, the total of 
each cup was analyzed by the One-way ANOVA analysis to determine an F value of 
0.0171. The tests were conducted to see whether there is difference between the test 
subject’s visual and imagined tactile senses, outcome indicates preference consistency 
for all four cups, as shown in Table 2. The visual senses and imagined tactile sense 
rating for each was then analyzed by a two-tailed test, which obtained the results as 
followed: .475** for cup 1, .386** for cup 2, .462** for cup 3, and .485** for cup 4 
(see Table 3). From the above data, we can realize that the four cups has both 
achieved significant level in the visual and imagined tactile senses.  

The analysis of the 3 phases mentioned above revealed that the assumption where 
there should be consistency between visual sense and imagined tactile sense and that 
there should consistency as well as the preferences consistency for observing simulta-
neously and individually, however, in this case, the result of the four cups being tested 
together and tested separately did not correspond. The outcome for testing the cups 
together indicated that the preference of cup 2 was greater in imagined tactile sense 
than in visual sense; as for cup 3, the preference was greater in visual sense than in 
imagined tactile sense. 
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Table 1. Visual/tactile sense 
ratings 

Table 2. One-way analysis of variance (ANOVA) 

 Vision Tactile  SS df MS F 

Cup1 431 442 
Between 

Groups 

24.5 1 24.5 0.0171 

Cup2 479 508 Within 

Group 

8569.5 6 1428.25  

Cup3 523 503 
Cup4 472 438 Total 8594 7   

Table 3. Correlation derived from two-tailed test 

 cup1 cup2 cup3 cup4 

visual sense &Imaged 
tactile sense .475** .386** .462** .485 

4.2 Consistency Analysis on Preference of Observing Simultaneously and 
Individually 

Phase 3 analysis: the sequence from 1 to 4 obtained in the Stage 1 “visual sense” test 
when looking at the cups together and the ratings from 1 to 10 obtained from Stage 2 
test when looking at the cups individually were processed according to rank and ag-
gregate scores separately to calculate the means and standard deviations. The same 
process was conducted on the sequence from 1 to 4 obtained in the Stage 3 “imagined 
tactile sense” test when looking at the cups together and the ratings from 1 to 10 ob-
tained from Stage 4 test when looking at the cups individually. The results were ana-
lyzed to find out whether if there is any preference consistency when looking at the 
cups simultaneously and individually.  

Table 4 contains the analysis data which indicates the standard deviations of the four 
cups in the “visual sense” test.  The standard deviations of the selected first place to 
fourth place gradually increased, indicating that the degree of dispersion increased ac-
cording to the preference level ranking from first place to fourth place and that, the 
fourth place given by test subjects showed the greatest rating difference.  No patterns 
were observed in the standard deviations obtained from the “imagined tactile sense” 
analysis (see Table 5).  As for the “visual sense” test, the ranking of preference in ob-
serving simultaneously was consistent with the preference ratings in observing indivi-
dually, yet there were no preference consistency for “imagined tactile” in neither simul-
taneous nor individual observations. The only consistency observed from both “visual 
sense” and “imagined tactile sense” tests was the standard deviation for cup 1, which 
also rank first place, was all smaller than 1, suggesting that cup 1, ranking first place, 
shows the most consistency when either the cups are observed together or individually 
in the “visual sense” and “imagined tactile sense” tests. The visual sense standard devia-
tion diagram is shown in Table 4, while the imagined tactile sense standard deviation 
diagram is shown Table 5; the data acquired from the two tables suggests the ratings if 
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the mean decreased from the first place to fourth place, however, the “imagined tactile 
sense” revealed greater rating difference than “visual sense.”  

If we divide the 10-point rating scale into 4 sections with 10~9 points being the high-
est section, 8~6 being the medium high section, 5~3 points being the medium low sec-
tion, and 2~1 points being the lowest section, via means analysis, we realize that cups 
which ranked first place in the “visual sense” test, scored an average of 7.72~8.50, with 
a high-low rating difference of 0.78, the cups was located in the medium high section 
and failed to reach the highest section.  For cups ranking in second place, the mean 
ratings were 6.68~6.00 with a high-low rating difference of 0.68, which also located in 
the medium high section but in the lower half of the section (7 points).  For cups rank-
ing third place, the mean ratings were 5.58~5.00 with a high-low rating difference of 
0.58, which fell into the medium low section.  For cups ranking fourth place, mean 
ratings were 4.24~3.00 with a high-low rating difference of 1.24, which also fell into the 
medium low section.  As for the “imagined tactile sense” test, the cups ranking first 
place were given a mean ratings of 8.64~6.88 with a high-low rating difference of 1.76, 
which was located below the in the medium high section and failed to reach the highest 
section.  For cups ranking second place, the mean ratings were 6.50~6.05 with a high-
low rating difference of 0.45, which was located in the medium high section but in the 
lower half of the section (7 points).  For cups ranking third place, the mean ratings were 
4.97~6.13 with a high-low rating difference of 1.16, which fell between medium high 
and low sections.  For cups ranking fourth place, the mean ratings were 4.60~2.91 with 
a high-low rating difference of 1.69, which fell into the medium low section.  It is clear 
that the 4 cups were generally given low ratings in both the “visual sense” and “im-
agined tactile sense” tests.  On a scale of 1 to 10 points, the highest mean rating was 
less than 9 and all ratings failed to reach the highest section, whereas the means of “im-
agined tactile sense” test possessed great difference in high-low ratings, suggesting that 
most of the test subjects were not satisfied in the visual sense test and were not willing 
to touch them. 

Table 4. Means and standard deviations for observing simultaneously and individually in the 
“visual sense” test 

 Ranking 1 Ranking 2 Ranking 3 Ranking 4 
mean SD mean SD mean SD mean SD 

Cup1 8.50 0.76 6.00 1.73 5.58 1.75 3.68 1.80 
Cup2 7.73 1.65 6.56 2.02 5.36 1.52 3.59 1.59 
Cup3 7.79 1.65 6.36 1.79 5.24 1.80 3.00 1.83 
Cup4 8.20 1.28 6.68 1.52 5.00 1.79 4.24 1.59 

Table 5. Means and standard deviations for observing simultaneously and individually in the 
“imagined tactile sense” test 

 Ranking 1 Ranking 2 Ranking 3 Ranking 4 
mean SD mean SD mean SD mean SD 

Cup1 8.64 0.84 6.40 1.11 5.45 2.02 2.91 1.08 
Cup2 8.00 1.36 6.05 1.88 5.06 1.43 4.60 2.12 
Cup3 6.88 2.32 6.50 1.60 6.13 1.73 3.88 1.45 
Cup4 8.25 1.53 6.13 2.39 4.97 1.89 4.00 2.06 
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5 Conclusion 

For a consumer to accept a product, the first stage of preference judgment is to see and 
touch, yet most products originates from the creativity of designers, products are rarely 
produced due to the preference of general consumers. A set of cups each with  different 
forms stands out significantly from other conventional cups in terms of creativity. Thus, 
the design concept to explore these cups is: “This set consists of four different shaped 
cups, allowing your friends and family to pick their own favorites!”  

Questionnaires were used to analyze visual preference and to investigate whether if 
the imagined tactile sense analysis exist any difference. After four stages of tests and 
three phases of analysis, it was found that neither visual nor imagined tactile senses 
produced the anticipated outcomes. In the data where cups 2 and 3 were selected as first 
place, the preference of cup 2 was far greater than tactile expectation than visual sense, 
whereas it was the opposite for cup 3 as the preference to it was far greater in visual 
sense than imagined tactile sense; others that ranked from second to fourth place 
showed consistence of gradual decline for both visual and imagined tactile sense. More-
over, as to cup 1 and cup 4, the rankings from the first to fourth place consistently de-
creased as well. Interestingly, of the four cups, cup 1 had the greatest difference, while 
the same could not be said for the other three. Difference was observed in cup 2 and cup 
3 , yet because the research only employed questionnaires to analyze the preference of 
visual and imagined tactile senses, hence, the study was unable to be determined the 
reason of the affect, this interesting finding may support subsequent studies. 

As we take the visual and imagined tactile senses ranking data of the four cups, 
which is ranked from first to fourth place, and each added up the 1 to 10 ratings, result 
shows decreasing consistency as expected. However, after the calculation of each 
mean by sequence, the means of rankings 1 through 4 all fell within the medium high 
section between 8 to 6 points and the medium low section between 5 to 3 points, indi-
cating the examinees’ satisfaction difference towards the cup set was not significant, 
the median outcome suggests that none of the test subjects were very satisfied or very 
unsatisfied with any of the cups. To analyze the 1 to 10 point rating from the standard 
deviation point of view, the standard deviation of each group was located between 1 
and 3 with 0.76 being the smallest and closest value to 1, indicating that the ratings 
given by the test subjects for the products revealed great difference. This suggested 
two possible results: 1. there was significant preference difference between observing 
the cups simultaneously and individually; and 2. there was significant satisfaction 
difference between the test subjects regarding the cups.  Due to the fact that the ques-
tionnaire data could not provide a valid outcome, thus, this study can only provide the 
questionnaires for future studies to employ and achieve a more comprehensive analy-
sis concerning consumers’ preference. 

Personalized products are the trend of design, a set of products with different 
shapes is anticipated to create novelty for consumers and to achieve a high level of 
preference, yet our experiment indicates that the product fails to fulfill its purpose. 
This issue is still worth investigating regarding product research; the results of this 
study can provide products which are in development a better understanding of con-
sumer perception and a foundation for future studies. 
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Abstract. This ongoing study examined the users’ needs, perceptions, perfor-
mance and expectations toward a multifunctional home-use smart telephone. 
Through systematically discovering users’ behaviors, this study investigated 
317 participants’ use of the target product, and profiled the target users of per-
sonas within different scenarios. Three major patterns of use were found in this 
study, and the suggestions were made to improve the interface and marketing 
strategies with references to the personas concluded in this study. 

Keywords: Home phone, Smartphone, Persona. 

1 Introduction 

With the common ownership of home-use telephone in households in many devel-
oped countries, the use of a domestic telephone involved a variety of everyday living 
activities that were communicational, informational, recreational and even safety-
related. According to a governmental statistics (2012) in Taiwan, although the owning 
rate was declining accompanied with the growing ownership of mobile phones and 
broadband networks, averagely every household owned 1.2 home-use telephone in the 
past decade. The availability of home-use telephone has made it a significant device 
in national information and communication infrastructure. The functions and the ser-
vices available by home-use telephones have been rapidly and extensively developed 
with making alliances with telecommunication, broadcasting, medical and social net-
works by the assemblages of ICT technologies. However, while more functions were 
integrated into an originally single-purposed appliance, the users might be over-
whelmed by the unfamiliar conceptual models thus hampered their acceptance and 
performance of using it. Consequently, to understand users’ requirements and beha-
viors in advance would be necessary for such a product to be developed and imple-
mented. In this vein, this study examined the users’ needs, perceptions, performance 
and expectations toward a multifunctional home-use smart telephone to discover their 
use by the systematically presentation of personas.  

While the user-centered design approach gained more and more attention in prod-
uct development, the difficulties remained in practices when the design teams in-
tended to include the actual users. The needs and goals of users were not always 
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communicated effectively between the designers and the users. Misunderstanding 
occurred in communications due to various levels of expertise and experiences, and it 
was not easy to leverage the features of the product between the satisfactory expe-
riences of all users. The idea of persona that coined by Cooper (1999), served as a 
design target, a communication tool and an instrumental method that widely acknowl-
edged by the industry.  

Following the user-centered design principles, personas facilitated designers to con-
struct the detail and image of target users by drawing characters in order to design a 
product that satisfied the user needs (Pruitt & Adlin, 2006). It referred to the archetypal 
character that represented a group of users who share common goals, attitudes and be-
haviors when interacting with a product or service. A persona served as a fictitious user 
for designers, and facilitated them make difficult decisions from the users’ perspectives 
during the product design and development (Chang, Lim, & Stolterman, 2008). In addi-
tion to a general and broad image of the user population, to construct a persona involved 
qualitative and quantitative collection of data to profile real people in order to discover 
their own needs, motivations and goals in details (Idoughi, Seffah, & Kolski, 2012). The 
data was analyzed and integrated by a contextual presentation that incorporated the 
scenarios, backgrounds, behaviors and emotions of users when interacting with the 
product (Lester, Converse, Kahler, Barlow, Stone, & Bhogal, 1997).  

By adopting the persona-based approach, a practical goal of this study is providing 
the designers with the genuine life experiences of users to develop products and ser-
vices that meet their needs. Comparing to the previous design practices and studies, in 
which designers misunderstood the users’ thoughts to be similar to theirs, and the 
failing pursuit to design a perfect product that satisfied every user, personas authenti-
cally reflected different users, whether novice or expert, and revealed the obstacles 
and problems they had encountered (Lindgren, Chen, Amdahl, & Chaikiat, 2007). 
Personas suggested not an average model of users, but a context-rich user scenario. 
Additionally, personas that contained rich information of target users also served 
experiential reference for designers to evaluate the usability of the products, and pro-
vided insightful information to form marketing strategies (Cooper, Reimann, & Cro-
nin, 2012). 

This study aimed to discover the use of a home-use smartphone by the persona-
based approach. The overall goals of this study are: 

1. Investigate the users’ perceptions and performances with using the target product 
of a home phone. 

2. Incorporate persona to profile and present the target users of a multifunctional 
home phone. 

3. Explore the implications of the interface and functionality design facing the devel-
oping of a multifunctional home phone. 

2 Methodology 

In this study a commercial product of a smart home-use telephone provided by a tele-
communications company in Taiwan was subjected as the target product. And the 
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personas that use this target product were developed. For a real project and the com-
mercial product, applying personas that consisted of widely collected user data would 
help the designers better understand the users’ requirements. Additionally, through 
the thorough investigation of the target users, potential markets and users groups 
could be found.  

Followed the principles of constructing personas, to understand the user experience 
of the home-use smart telephones and the characteristics of different user groups, both 
quantitative and qualitative data from multiple sources was collected. These sources 
included the focus group interview of heavy users, the articles post on the online user 
community where experiences of using home-use smart telephone were shared. Addi-
tionally, literatures and reports regarding specific user groups’ life and consumer 
behaviors were also referred. 

This study adopted the purposeful sampling strategy to recruit 317 experienced us-
ers in total to participate in this study. According to their frequency and familiarity 
with the target product, 7 participants were selected for a focus group interview, while 
310 of them were interviewed by phone with a structural survey about their use. 
Based on the analysis of these participants’ use behaviors, personas for the target 
product were developed. These personas detailed different purposes and scenarios of 
use, and specifically this study took four major steps until the personas were  
developed. 

1. Documents analysis: Qualitative investigation including the collection of opinions 
regarding the target product in several online user communities and the analysis of 
the official documents was conducted. 

2. Focus group interview with the heavy users of the target product: 7 users were se-
lected as the subjects in this stage by their product use logs. Sample questions of 
the interview included the reason of purchasing the target product, the benefits and 
challenges of using the target product, the functions and services of frequent and 
rare use. 

3. User Survey: 310 interviewees were sampled from the existing users of the target 
product, and interviewed by phone with a structural questionnaire that developed in 
house by the researcher. The instrument consisted of four major aspects that inves-
tigated the users’ purposes, frequencies, perceptions and expectations of each func-
tion and service provided by the target product. 

4. Development of personas: With reference to the findings of the previous steps, per-
sonas that described the target users were developed accordingly. 

3 Preliminary Results 

Among the 7 users participated in the focus group interview, 4 were males and 3 were 
females. Their age ranged from 31 to 70, all have the target product installed at home 
for more than 1.5 years. The major reason of purchased is for the convenience, novel-
ty and the trust in the branding of the telecommunications company. Most of the users 
compared the target product with the computers and regarded it as more intuitive to 
use without complex prerequisites.  
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The functions that frequently used by the users were largely accessing daily life in-
formation including the weather reports, lottery, local maps and hospitals. While the 
other major functionalities that emphasized by the stakeholders, the surveillance and 
videoconferencing services, were rarely used by the interviewees. This found gap also 
revealed that the target consumers of the product were not the major users of the product. 

The findings of the survey that targeted the 310 current users suggested that the major 
user population were the elderly couples, which echoed the results of the focus group 
interview.  Users in nuclear family style, who were young couples with one or two 
children were the secondly frequent users of the target product. Based on the users’ pur-
poses that derived from the preliminary findings, 3 personas were developed to accumu-
late the large amount of real user data and represent the target users’ profiles.  

3.1 Persona A: Use for Daily Life Information 

The first persona represented the user population of housewives whose major purpose 
of the target product was to access daily life information. Compared to other consum-
er-electronics, she is more satisfied with the interface of the home-use smart tele-
phone. In order to depict the scenario of requiring daily life information by using the 
home-use smart telephone, we searched for the empirical studies about the informa-
tion needs, hobbies, and consumer behaviors of housewives and women who are  
retired. 

The scenario of use suggested that the users could access weather, calendar and se-
curity information readily and conveniently at the door when they went out, leisurely 
check the sales information with the music played on, and made reservations with the 
transportation services. The information and services the users expected for a home-
use smart telephone were often connected with other home appliances and activities 
such as television, intercoms, newspapers and magazines. 

3.2 Persona B: Use for Communication 

This persona represented the middle-aged who use the target product for contacting 
family members for caring and greeting purposes. Theoretical and practical references 
about the family communication and the facilities of elder caring and healthcare were 
referred to design the scenario for this persona.  The users could make video phone 
calls easily in more casual settings, and with integrative use of the surveillance func-
tions, the users valued the home-use smart telephone more than mobile phones.  

The scenario of use also suggested that the interface of the home-use telephone 
served the functionality of videoconferencing better than television and computer. 
Telephone was regarded usable for various users including the elders and the children, 
and therefore served better for communication purposes.  

3.3 Persona C: Use for Surveillance and Security System 

According to the findings of the interviews, the target product was then compared to 
other products to discover the advantages and weakness of it. And by referring to the 
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consumer studies of security products, the persona C was developed to represent users 
who seek for affordable solutions of home security. The simplified functionality of 
surveillance satisfied the users by offering alarming and recording services. 

4 Discussion and Further Investigation 

The current study examined the users’ needs, perceptions, performance and expecta-
tions toward a home-use smart telephone. Through the preliminary investigations, 
three personas were developed with references to qualitative and quantitative mate-
rials that profiled the users. By adopting the persona approach, it was possible to pro-
vide a vivid and accurate representation of the target users, and communicate the 
users’ needs and goals more effectively with the stakeholders.  

The preliminary findings of the study supported that the residential home phone 
represented differently in its nature from smartphones, and suggested different user 
expectations and experiences. For endeavors that intended to extend the functionality 
of the appliance, or to enable residential home phone of more integrative services 
with other home appliances, it was noteworthy to consider the conceptual models 
discovered in this study. With reference to the personas developed by this current 
study, effective and efficient user experiments could be conducted continuously under 
the designated scenario to drive and validate the stakeholders’ and users’ concerns 
about the product design. 
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Abstract. Based on the perspective of academic application and cultural disse-
mination, this study intends to explore the aesthetic value of Taiwan modern 
crafts. Through an approach of style analysis, this study examines the works 
selected from Taiwan Crafts Competition Award and Modern Crafts Yii Project. 
Both qualitative and quantitative methods are employed to explore the artistic 
essence and cultural reference of the creations. The study places the works in 
stylistic context to establish a theoretical framework of aesthetic analysis and 
criticism of Taiwanese modern crafts. A questionnaire is developed to obtain 
information required for style analysis. The data is analyzed using “Multidi-
mensional Scaling” (MDS). The Consensus Assessment Technique (CAT) is 
employed in the study. A CAT questionnaire developed by Amabile is used to 
examine the performance of the works in three difference dimensions of crea-
tivity, technical goodness, and aesthetic appeal. Finally, a statistic technique of 
Multiple Regression Analysis will be employed to explore the significance of 
these three factors in each style of the works.  

Keywords: Modern Crafts, Aesthetics, Style Analysis. 

1 Introduction 

Starting from 2001, National Taiwan Craft Research and Development Institute 
(NTCRI) have held National Crafts Awards for 6 years, which was the most directional 
and representative crafts award in Taiwan. From 2007, National Crafts Awards was 
consolidated with Taiwan Craft Design Competition and found Taiwan Crafts Com-
petition. This competition has been divided in two groups, including Traditional Crafts 
and Innovative Design; it is not only representing the most recent standard of Taiwan 
design industry but also reflecting the cultural significances of the modern time in 
Taiwan. 

The design project, Yii, was conceived by NTCRI (National Taiwan Craft Re-
search Institute) and TDC (Taiwan Design Center). It aims to combine traditional 
craftsmanship techniques and modern design concept, which not only successfully 
initiate a new page of craft style but also open up infinitive possibilities of crafts  
materials. Up to 2010, the manufacturing orders from the world have exceeded one 
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hundred million dollars. The traditional cognition on ‘crafts’ with the concept of 
‘modern’ can evolve the diverse and abounding value which becoming the most suc-
cessful example in the development of Taiwan creative industry.  

This study focuses on analyzing the awarded champions in Taiwan Crafts Compe-
tition as well as the selected works from the digital exhibition of The Project Yii. 
Through quantitative analysis from diagnosis observation of experts, the objectives of 
this research can be achieved as follow: 

1. To analyze the form of style to distinguish modern crafts.  
2. To promote the aesthetic value of Taiwan modern crafts. 
3. To establish a new aesthetic model for the development of Taiwan modern crafts. 

2 Literature Review 

2.1   Meaning of Modern Crafts 

Shui-Long Yen, also known as the father of crafts in Taiwan, had suggested that 
crafts making artists should possess the correct understanding of the nation and so-
ciety and create works which can capture people’s will and is able to employ as dai-
ly-used products, moreover, use best of the beauty of raw materials and modern life 
adaptations [10]. From the origin of craft making, human has made use of tools to 
solve their daily problems. When the basic life requirement is settled, crafts should 
sublimate into a tool for soul cultivation. 

Recent craft has begun the growing emphasis of expressing cultural features and 
aesthetics performance, more and more consumers favor products that integrates with 
the beauty of craft. Norman, points out that a successful design must includes the 
aspects of usability, practicality, and aesthetics. He claims that the emotional side of 
design may be more critical to a product’s success than its practical elements [8]. In 
the 21st century, emotional design is in huge demands, which can be carried out 
through the aesthetic value of craft [6].  

Based on Article 3 in the Law for the Development of the Cultural and Creative 
Industries, the “Cultural and Creative Industries” referred to the following industries 
that originate from creativity or accumulation of culture, which through the formation 
and application of intellectual properties, possess potential capacities to create wealth 
and job opportunities, enhancing the citizens’ aesthetic attainments and elevating 
living environment. Hereon, the citizen’s aesthetics accomplishment is advertised by 
the cultural and creative industries as non-economy achievements.. On the other hand, 
the raise of citizen’s aesthetics accomplishment is the fundamental gateway to open 
up the consumer market of cultural and creative industries.  

In the article ‘Constructing the Value of Modern Craft’, Guo-Zhen Chen proposed 
the conceptual value of modern craft through the study of various international brands. 
She suggested many conceptual values of modern crafts: Highly value nature and 
humanity, respect traditional craftsmanship, integrate with science and technology, 
delightful living, express the local style, initiate a new fashion trend, and so on [3].  

Jeff Dayu Shi claims that modern crafts are “a saleable product that possesses both 
aesthetics and artistry”, he stated that any design which lack aesthetic perception will  
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lose its meaning [5]. This proves that modern crafts have strengthened its commercia-
lization and modernization. Chian-Chi Lin has also pointed out that because modern 
aesthetic must possess popularization and navigability, modern should own high aes-
thetic sensitivity, which is the subtle difference that distinguishes itself from tradi-
tional crafts [5].  

In conclusion, to achieve the targets “to create wealth and job opportunities, to en-
hance the citizens’ aesthetic attainments, and to elevate the citizens’ living environ-
ment”, stated in the Law for the Development of the Cultural and Creative Industries, 
modern craft takes craftsmanship as a carrier, culture as a connotation, and intergrades 
with design skills, to not only explore the lifestyle of people, but by sculpting the 
attraction of branding, creating distinguish and stylish products in the commercialized 
process as the fruitful results of the creative industry.  

2.2   The Quantitative Exploration of Craft Aesthetics Analysis 

To take account of the characteristics of art research, this paper will be supporting the 
art work analysis with quantitative research and by taking advantage of “consensus 
assessment technique” (CAT), we can integrate the observations and feedbacks of 
academics and experts. CAT was developed by an American psychologist, Teresa M. 
Amabile, to evaluate creativity through industrial products. For centuries creativity 
has been regarded as a mental trait of mankind, Amabile suggests defining creativity 
from a “product” perspective [1]. Hao-Cheng Chiu indicated that the CAT proves to 
be a useful tool for evaluating various types of works, via the nearly year-long inspec-
tion of numerous research series. The evaluation range includes Chinese poetry, sto-
rytelling, and art creation, applicable targets are adults and children [4]. 

Amabile stated that the evaluation process should notice the following key points: 
First, the evaluator must possess a certain level of knowledge background of the as-
sess work. Second, evaluator must not be influenced by other people during the eval-
uation process. Third, evaluator should evaluate the various index of one work at a 
time and not comparing a certain index with numerous works simultaneously. The 
principle of Amabile will be considered as an important reference during the actual 
execution of this research [2]. 

The scale that Amabile developed has experienced multiple corrections and im-
provements; in 1983, he not only designed 23 items in the scale of art domain, but 
also provided a descriptive definition for each evaluation item. 

Through factor analysis, the 23 items from above can be categorized into three 
main groups, creativity, technique, and aesthetics, and by eliminating the items with 
low factor capacity, we remain with 17 factors divided into three attributions:  

1. Creativity--creativity, novel use of materials, novel idea, effort evident, variation in 
shapes, detail, complexity. 

2. Technique--technical goodness, organization, neatness, planning evident, repre-
sentationalism, symmetry, expression. 

3. Aesthetics-- liking, aesthetic appeal, display. 
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3 Methodology 

3.1   Research Instrument 

This study focuses on the awarded champions of “Taiwan Crafts Competition” and the 
current digital exhibition from classical works of “The Project Yii”. Via quantitative 
research to explore the styles of works, we first combine related literature reviews with 
interview data to draw up a scale for analyzing various craftwork styles. The results 
would be employed into multidimensional scaling (MDS) for analyzing. MDS is a 
data analysis for categorizing observation values, furthermore, to analyze the potential 
structure hidden behind the scenes [9].  

Through the five point scale survey composed by 16 groups of polar adjectives 
chosen by professionals (Table 1), the research develop a modern crafts aesthetic 
semantic differential scale questionnaire, which was then taken into MDS for further 
analyzing.   

Table 1. The 16 Groups of Polar Adjectives of Semantic Differential Scale 

tactile-visual freehanded-realistic  traditional-modern material-expressive 

novel-ordinary classical-avant-garde functional-nonfunctional conflicting-harmonic 

natural-artificial linear-curvilinear integral-compositional geometric-organic 

ethereal-steady gorgeous-plain  conventional-creative intuitive-deliberate 

3.2   Research Object 

As for the work selection process of the research object, the pieces are chosen from 
two portions, one selected from “Taiwan Craft Design Competition” and the other 
selected from “The Project Yii”. Selection principle for the Taiwan Craft Design 
Competition are to chose the first prize pieces, one from the Traditional Crafts and 
one from the Innovation Design, due to the reason which the competition has been 
enforced for four years since 2010, there will be a total of 8 pieces put into selection 
process; second prize will be selected when first prize is absent.  

In addition, products from “The Project Yii” is chosen according to the introduc-
tion of the Yii brand and current product list announced by the National Taiwan Craft 
Research and Development Institute, which listed 58 series of modern crafts beginning 
from 2007 to 2009; 37 works are currently displayed on the official website [7]. After 
consulting and compiling the opinions of experts, this study has chosen 10 representa-
tive works from the two events as research objects: Taiwan Craft Design Competition 
(4 pieces), and The Project Yii (6 pieces). 
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Table 2. Titles and Codes of 10 Representative Works of the Study 

P1 P2 P3 P4 

   
 

Hello  Taste of Memory 
The Offering of the 

Blessing Boat 
Zen Garden 

 
P5 P6 P7 P8 P9 P10 

      

Lace Bowl Moon Cup 
World Cup: 
Black Lotus 

Brick Plate 
Cocoon project: 

Sofa 
Bamboo  
Barstool 

4 Data Analysis 

The study completed 92 effective questionnaires, covering different gender and three 
diverse educational backgrounds (craft and industrial design, design-related, 
non-design), the significant outcomes and discoveries are concluded as below: 

4.1   MDS Analysis of Work Styles 

The study begins with employing the MDS analysis to analyze the 10 selected pieces 
with the 16 groups of adjectives. According to the results of the two dimensional 
composition formed by MDS and the factor analysis between the selected pieces and 
the 16 groups of adjectives, this study has first completed the two dimensional distri-
bution map of the 10 pieces. The map indicated that pieces such as no. 3 The Offering 
of the Blessing Boat, no. 10 Bamboo Barstool, no. 4 Zen Garden, and no. 5 Lace Bowl 
was distributed on the extreme positions of the X and Y axis (as shown in figure 1).  

To explore the cognitive spatial position of each attribute, the research then applies 
the multiple regression analysis to calculate the included angle of each attribute lo-
cated on the composition and created a cognitive map of the 16 attributes; we can see 
from the distribution map that the correlations coefficient between attribute 1 (Free-
handed-Realistic) and attribute 14 is only .097, which means the relationship of the 
two attributes is practically uncorrelated, the included angle of the two attributes is 
approximately 90°, hence, is chosen for explaining the representative axis in the two 
dimensional cognitive space.  

As you can see in fig. 3, p9 and p10 has landed in the first quadrant (Function-
al/Realistic); p2, p4, and p7 landed in the second quadrant (Functional/Realistic); the 
third quadrant (Nonfunctional/Freehanded) landed p5 and p6; the fourth quadrant 
(Nonfunctional/Realistic) landed four pieces, including p1, p3, and p8. 
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Fig. 1. The Cognitive Map of the 10 Selected Pieces and 16 Attributes 

4.2   The CAT Analysis of the Evaluation of Works  

This research analyzes the creativity of the 10 works by employing the CAT scale and 
evaluating these pieces by creativity, technique, and aesthetics dimensions (As shown 
in Table 3). The Kendall’s coefficient of concordance was employed to verify wheth-
er if the 10 selected pieces possess consistency in the sequence of the three dimen-
sions, the calculated outcome W=.736 has achieved significant level (p＜.05), the 
participant’s evaluation shows that the works in the dimensions of creativity, tech-
nique, and aesthetics all possess a consistent ranking.  

Table 3. The Ranking of Integral Expression 

Works 
 

 
   

    
 

Mean 4.15 3.96 3.89 3.88 3.84 3.81 3.71 3.64 3.51 3.32 
Ranking 1 2 3 4 5 6 7 8 9 10 

In order to explore how participants opinions were affected by the educational 
background, An ANOVA test was conducted based on the evaluation data of four 
works derived from the outcome of MDS analysis. The selected works including 
Blessing Boat, Zen Garden, Lace Bowl, and Bamboo Barstool were located on the 
extreme ends of the X and Y axis of the two dimensional distribution map. 
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Table 4 is a summary table of ANOVA for products evaluation by educational back-
ground. In the domain of creativity, the mean score of The Offering of the Blessing 
Boat, Lace Bowl, and Bamboo Barstool demonstrates significant variance due to edu-
cational background differences. In the domain of technique, aside from Zen Garden, 
the variation of the evaluation outcome indicates that due to the difference of the par-
ticipant’s educational backgrounds, the technical expression of the three other pieces, 
The Offering of the Blessing Boat, Lace Bowl, and Bamboo Barstool, reached signifi-
cant level. In aesthetics domain, data analysis reveals that due to the difference of the 
participants' educational backgrounds, the evaluation variation of the aesthetic ex-
pression of The Offering of the Blessing Boat and Bamboo Barstool reached signifi-
cant level. Finally, the variation of the evaluation outcome indicates that due to the 
difference of the participant’s educational backgrounds, the evaluation variation of the 
integral expression of The Offering of the Blessing Boat, Lace Bowl, and Bamboo 
Barstool reached significant level.  

Table 4. Analysis of Variance for Products Evaluation by Educational Background  

Variables Works F 
M Scheffe’s 

post hoc  C&D DR ND 

Creativity  

Blessing Boat 5.91** 3.88 4.25 4.39 3＞1 
Zen Garden 0.14 3.34 3.31 3.31 1＞2 
Lace Bowl 4.39* 4.54 4.08 4.21  
Bamboo Barstool 6.94** 4.13 3.54 3.51 1＞2, 1＞3 

Technique 

Blessing Boat 5.94** 3.81 3.84 4.24 3＞1, 3＞2 
Zen Garden 0.51 3.51 3.29 3.39  
Lace Bowl 4.87* 4.22 3.71 4.11 1＞2 
Bamboo Barstool 5.5** 4.11 3.75 3.54 1＞3 

Aesthetics  

Blessing Boat 5.78** 3.47 3.45 4.13 3＞1, 3＞2 
Zen Garden 0.08 3.21 3.31 3.21  
Lace Bowl 2.27 4.45 3.95 4.04  
Bamboo Barstool 5.87** 4.14 3.54 3.28 1＞3 

Integral 
Evaluation 

Blessing Boat 6.76** 3.72 3.85 4.25 3＞1, 3＞2 
Zen Garden 0.04 3.35 3.30 3.30  
Lace Bowl 3.87* 4.40 3.91 4.12 1＞2 
Bamboo Barstool 7.29** 4.12 3.61 3.44 1＞2, 1＞3 

*p＜.05, **p＜.01, C&D: Craft and industrial design, DR: Design-related, ND: Non-design 

4.3   The Multiple Regression Analysis of Work’s Preference 

To explore how the three creative indexes affect the preference of products, this study 
took a further step and processed the multiple regression analysis, taking the dimen-
sions of creativity, technique, and aesthetics as independent variables and the partici-
pant’s preference towards the product as the dependant variable, the following are the 
results of the four examined products (Table 5).  
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Table 5. Three Indexes to Predict the Preference of the Works 

Works Predictor 
variables B r β t 

Blessing 
Boat 

Creativity .152 .577*** .091 0.922 
Technique .300 .626*** .167 1.619 
Aesthetics .637 .766*** .601 6.634*** 

R=.785 R2=.617  F=47.248***  

Zen Garden 

Creativity .133 .660*** .096 0.905 
Technique .071 .670*** .048 0.436 
Aesthetics .775 .828*** .722 7.678*** 

R=.833 R2=.694  F=66.432***  

Lace Bowl 

Creativity .341 .716*** .226 2.910** 
Technique .229 .692*** .156 2.024* 
Aesthetics .588 .836*** .587 7.931*** 

R=.872 R2=.760  F=92.952***  

Bamboo 
Barstool 

Creativity .129 .686*** .090 0.878 
Technique .299 .679*** .191 2.011* 
Aesthetics .614 .809*** .611 6.582*** 

R=.828 R2=.686  F=64.120***  

*p＜.05, **p＜.01, ***p＜.001 
 
By looking at the work of The Offering of the Blessing Boat, F value of the integral 

regression model is 19.872, achieving significant level (p＜.001), therefore, the score can 
be established as the basis for preference prediction. In the regression formula, the out-
come shows that the aesthetics dimension reveals the highest significance (β＝.601， 
p＜.001).   

Looking at the work, Zen Garden, the F value of the integral regression model is 
66.432, achieving significant level (p＜.001), therefore, the score can be considered 
as the basis for preference prediction. In the regression formula, the aesthetics dimen-
sion reached significant level (β＝.722，p＜.001).  

The F value of the integral regression model is 92.952 for the work of Lace Bowl. 
The score can be considered as the basis for preference prediction (p＜.001). In the 
regression formula, the outcome shows that the aesthetics dimension reveals the 
highest significance (β＝.587，p＜.001), followed by creativity dimension (β＝.226
，p＜.01), and finally the technique dimension (β＝.156，p＜.05), all three dimen-
sions have all achieved significant level.  

The F value of the integral regression model is 64.120 for the work of Bamboo 
Barstool. The score can be considered as the basis for preference prediction (p＜
.001). In the regression formula, the outcome shows that the aesthetics dimension 
reveals the highest significance (β＝.611，p＜.001), followed by technique dimen-
sion (β＝.191，p＜.05), and finally the creativity dimension, the first two dimensions 
have both reached significant level.  
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5 Conclusions and Recommendations 

5.1   Discussion of Findings 

This research focuses on the grand prize winners of “Taiwan Crafts Competition” and 
classical works from “The Project Yii”. Through the induction of research outcome, 
the conclusions are acquired as below. 

MDS Analysis of Works Style. The study employs MDS analysis to the champion 
works of “Taiwan Crafts Competition” and the current digital exhibition from classical 
works of “The Project Yii”, a total of 10 pieces of works process for style analysis, also 
employing realistic-freehanded and functional-nonfunctional attributes as independent 
dimensions, establishing four potential structures of work styles:  

1. Functional/Realistic orientation: the cognitive images include integral, classical,  
organic, harmonic, traditional, ordinary, steady, and conventional. 

2. Functional/Freehanded orientation: the cognitive images include linear, tactile, fo-
cus on expression, plain, and artificial. 

3. Nonfunctional/Freehanded orientation: the cognitive images include creative, 
ethereal, novel, modern, conflicting, geometric, avant-garde, and compositional. 

4. Nonfunctional/Realistic orientation: the cognitive images include natural, gor-
geous, focus on material, deliberate, visual, and curvilinear. 

In accordance with data analysis, the number of works was evenly distributed in the 
four quadrants; two works were located in the first quadrant (Functional/Realistic),  
works including Cocoon project: Sofa and Bamboo Barstool; three works were lo-
cated in the second quadrant (Functional/Freehanded), works including Taste of 
Memory, Zen Garden, and World Cup: Black Lotus; two works were located in the 
third quadrant (Nonfunctional/Freehanded), works which includes Lace Bowl and 
Moon Cup; in the fourth quadrant (Nonfunctional/Realistic) includes three pieces, 
Hello, The Offering of the Blessing Boat, and Brick Plate. 

CAT Analysis of Works' Expression. The research results indicates the participant’s 
evaluations towards the creativity, technique, and aesthetics dimension of each work, 
the sequence holds a consistent order. That is, when a work acquires a higher integral 
evaluation, the average performances in the creativity, technique, and aesthetics di-
mensions will also show better outcome. 

Multiple Regression Analysis of Works Preference. Research findings show that 
the three dimensions and work’s preference both holds a positive correlation, the 
overall regression model all achieved significant level, thus, the three dimensions can 
be established as the basis for preference prediction, as for the participants, the aes-
thetics dimension is easier to influence the work’s integral preference. 

5.2   Recommendations 

Synthesizing the above results, this study provides suggestions concerning relative 
modern crafts development issues, the advice are listed as below: 
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1. To improve the national craft competition and reward system, it is suggested to in-
tegrate the evaluation of government, artists, and academics, by discussing and 
carefully planning the program.  

2. Thorough technical training is the foundation of promoting the entire industry, 
educational institutes should emphasize the importance of craft education devel-
opment, thus, the institutes should take on a more positive attitude and action to-
wards providing students with competition award opportunities.  

3. The aesthetics dimension is the easiest mean to influence a work’s integral prefe-
rence, aside from enhancing the aesthetics training of professionals, how to in-
crease crafts appreciation of average consumer through education is the critical 
factor for facilitating national craft development.  

4. To manage international market and create international brands are the main tar-
gets for the development of modern crafts, it is crucial for cultural administrative 
units and educational institutes to process interdisciplinary collaborations by im-
plementing scholarship programs, providing grants and opportunity for outstanding 
gifted students to visit and engage in advance study abroad. 

Acknowledgment. This study was partly sponsored with a grant, NSC100-2410- 
H-144-008, from the National Science Council, Taiwan.  

References 

1. Amabile, T.M.: The social psychology of creativity. Springer, N.Y (1983) 
2. Amabile, T.M.: Creativity in context: Update to the social psychology of creativity. West-

view Press, Oxford (1996) 
3. Chen, G.Z.: Constructing the value of modern craft. Taiwan Craft 35, 12–17 (2009) 
4. Chiu, H.C.: Measurement and consensus assessment of creativity (2005) 
5. Education Resources and Research, 30, 267-298 
6. Lin, C.C.: The future of Taiwan creative industry: exclusive interview with Jeff Dayu Shi, 

manager of Dragonfly/modern crafts alliance creative director. Taiwan Craft 28, 52–57 
(2008) 

7. Lin, R.T.: Cultural creative products derived from aboriginal twin cup-the Linnak. Art 
Appreciation 3(2), 21–28 (2008) 

8. National Taiwan Craft Research and Development Institute: Introduction and current 
product list of Yii brand (2010),  
http://163.29.89.217/zh-tw/Bulletin/ 
Content.aspx?Para=343&Control=4&Page=2 (retrieved January 15, 2013) 

9. Norman, D.A.: Emotional Design: Why We Love (or Hate) Everyday Things. Basic 
Books, New York (2004) 

10. Wang, P.C.: Multivariate analysis. Higher Education Publishing Co., Taipei (2003) 
11. Yen, S.L.: Taiwan craft. Kuang Hua Books, Tainan (1952) 



 

P.L.P. Rau (Ed.): CCD/HCII 2013, Part I, LNCS 8023, pp. 128–137, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Research on Symbol Expression for Eye Image  
in Product Design: The Usage of the Chinese Traditional 

“Yun Wen” 

Chi-Chang Lu1 and Po-Hsien Lin2 

1 Crafts and Design Department, National Taiwan University of Arts 
Ban Ciao City, Taipei 22058, Taiwan 

2 Graduate School of Creative Industry Design,  
National Taiwan University of ArtsBan Ciao City, Taipei 22058, Taiwan 

{t0134,t0131}@ntua.edu.tw 

Abstract. In visual arts, using the eyes to deliver the message of life and emo-
tion of a living thing has always been emphasized. The expression of the eyes is 
usually a combination of the eyeballs, pupils, eyelids, and eyelashes, etc. 
Among these, the pupil is of a crucial character. It completes the image of an 
eye and shows the direction of the line of sight. In this article, the authors wish 
to create a new way to show the symbols of eyes based on the Chinese tradi-
tional cloud pattern- Yun Wen in the area of the product design. The design will 
combine the features of both the traditional cultural style and the vogue. It will 
also present the eastern aesthetics difference between visual similarity and visu-
al dissimilarity. 

Keywords: Clouds pattern (Yun Wen), Chinese traditional pattern, decoration, 
eye image, cultural implication, product design. 

1 Introduction 

At a product design event, the first author exhibited a teapot based on the form of the 
Chinese Prehistoric Pottery Gui-tripod. The Chinese traditional clouds pattern - Yun 
Wen- was selected for the symbolic decoration of a bird’s crest and wing to incorpo-
rate extra traditional cultural elements into the design. The softness and the dynamic 
movement of the curved line successfully express the feature and image of crest and 
wing. Subsequently, the form of an owl was also added to the design. The form of 
eyes has become one of the important considerations. The focal point of this article is 
how the authors extracts the characteristic and image of eyes that can achieve a per-
fect balance of combining various patterns into one through the new design form of 
Yun Wen. In visual art, eyes have always been the key to delivering the message of 
life and emotion of a living thing. An idiom of Chinese- Hua Long Dian Jing - means 
that to put life into an object in painting by dotting the dragon’s eyeballs emphasize 
that eyes are the key point in life construction. The Chinese philosopher Mengzi also 
said that watching people’s eyes could reveal their thoughts and emotions. The above 
examples explain the correlation between eyes and inner feeling. 
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Post-modernism Design broke away from Functionalism and brought more interest 
and feeling in life. Creative Industries have been expanded all over the world and 
become the key branches of the economy. Creative Industries, based on sense percep-
tion and multiculturalism, are interested in localism, distinctive national features, and 
traditional craftsmanship. Since the Deco revised and animation came to style, the 
descriptions toward human being as well as animals' entireties or parts becomes the 
main method to decorate implements. 

2 Research Purposes 

In visual art, the eye is usually presented through the combination of eyeball, pupil, 
eyelid, and eyelash. Among them, the pupil is a crucial character. Pupils complete the 
image of eyes and also show the direction of the line of sight. Whether in a realistic or 
exaggerated expression, drawing the pupil in a closed form as a circle or oval shape 
with dark color is an almost unaltered method used in painting and sculpture. 

Based on the Chinese traditional clouds pattern - Yun Wen - this study seeks to 
create a brand new form for presenting the eye’s image. The research area has been 
narrowed down to the eyes of birds only. Its purposes are to develop patterns which: 
a. possess local and traditional cultural styles; b. possess contemporary characteristics 
with both the style of abstractionism and minimalism; c. can represent the eye’s im-
age in certain backgrounds not necessarily realistic; d. can show the direction of the 
line of sight, and are able to deliver the dynamic features of eyes. 

3 Literature Review 

3.1 The Cultural Implications of Chinese Traditional Patterns 

In semiology, a traditional pattern is not only a decorative form of beauty, but also a 
system of symbolisms. The German philosopher E. Cassirer(1874-1945) claimed that 
man should be defined as an animal symbolicum (a symbol-making or symbolizing 
animal), and sought to understand human nature by exploring symbolic forms in all 
aspects of a human being’s experience. 

In ancient China, related thoughts about semiology are also abundant and can be 
found in very early literature. The Tao-te Ching, “If you can talk about it, it ain’t Tao. 
If it has a name, it’s just another thing. Tao doesn’t have a name. Names are for ordi-
nary things. Stop wanting stuff; it keeps you from seeing what’s real. When you want 
stuff, all you see are things.”It pointed out that all things in the world are distin-
guished by their name that had been created by man. 

Book of Changes said,“The sage was able to survey all the complex phenomena 
under the sky. He then considered in his mind how they could be figured, and (by 
means of the diagrams) represented their material forms and their character. Hence 
these (diagrams) are denominated Semblances (or emblematic figures, the Hsiang).” 

According to Book of Changes, the Eight Trigrams came from observation in the 
world, and through the figure to symbolize specific or abstract thinking. This condi-
tion had been confirmed by archaeological excavation such as the Kuahu Bridge 
(6000-5000B.C.). There are many Sun Patterns painted or engraved in the pottery to 
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symbolize sun worship. Later, the Hemudu Archaeological Site (5000-4000B.C.) had 
more decorative patterns including astronomical phenomena, vegetations, and crea-
tures. Above all, the figure combined sun and bird, origin of the myth - Golden Crow 
Bearing Sun - is the most outstanding pattern. This discovery confirms that ancient 
patterns always bore some cultural thought at that time. In other archaeological sites 
of the Yangshao Culture, equal in age to Hemudu Culture, more painted pottery de-
scribed the social life and the world of ideas with concrete or abstract figures. 

The pattern of the Eight Trigrams is an extremely abstract geometric figure which 
is better than a figurative form to deliver the concept of an intelligible world. The 
same phenomenon is also reflected in Chinese prehistoric pottery. Abstract figures are 
far more common than specific descriptions. It noted that there is more the idea of the 
level of thinking, is a cultural symbol. Pattern in the form of visible, belongs to the 
level of expression, semiology call it Signifier. The referential concept of thinking is 
called Signified, on behalf of the connotation level. From the perspective of semiolo-
gy, a Chinese traditional pattern as a means of awareness and understanding of the 
objective world is indeed a meaningful word in the form of language. 

Prehistoric patterns were more for exploring and understanding the objective 
world. Later, historical period patterns gradually turned to Auspicious Patterns for 
seeking happiness and luck. Especially in the Ming and Qing Dynasties of China 
(A.D.1368-1911), auspicious patterns flooded every corner of human life. In Ancient 
China, Mainland Cultural character and the traditional agrarian social model brought 
their people an idea of self-sufficiency in material life. Advocating the practical also 
became a custom of the arts and was represented in traditional auspicious patterns. 

3.2 Different Eye Designs Shown on the Chinese Traditional Utensils 

The appearance of the animal eye is mainly constituted by the eyeball and the dark 
pupil. The eyeball is covered by the upper and lower eyelids, and so only partially 
exposed through the almond-shaped Palpebral Fissure. The shape of Palpebral Fissure 
is often different in animal species due to individual characteristics. In addition, beha-
vior and emotion may also effect partially or entirely. The shape of Palpebral Fissure, 
the position of the eyeball, as well as the size of the pupil, can cause eyes to assume 
many different expressions. The Eye is the Window to the Soul, this adage illustrates 
the eye’s diversity in expression, and the correlation with inner feelings. 

The pupil is another focus in drawing eyes. It gives the dynamic sense and shows 
the direction of gaze, and other emotional characteristics. But whether realistic or 
hyperbolic method, the eyeball is always painted as the closed form of circle or oval 
with a dark color. 

Eyes Image of the Prehistoric Era in China. Animal image artifacts appeared in 
about the Middle Neolithic period in China such as the birds and pigs in the Hemudu 
Culture, the fish, deer, frogs, and Seaman patterns and so on in the Yangshao Culture. 
At that time, some of the eyes of animals were depicted using only a single dot or 
circle, others might add the outer concentric circle to symbolize the palpebral fissure 
and pupil. But in some painted pottery of the Yangshao Culture, we usually can see 
clever arrangements for pupil position to empathize different expressions. Another 
example is the Fish Pattern with Human Face (Fig. 1), the depiction of the human 
eyes are much more than the animals. For example, almond-shaped eyelids, or sleep 
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state line eye, which shows the variety performance for the eyes' imagines of the orig-
inal residents . In northern China and years about Yangshao late period, the Hongshan 
culture (4000-3000B.C.) attracted much attention for its exquisite jade craft. The jade 
of the Hongshan culture has more specific animal images than Hemudu and Yang-
shao, which shows the significant cultural meaning of this pattern for the culture. 
These animal-shaped jades include some realistic birds, cicadas, fish, turtles, pigs, 
etc., but the focus is still the dragon - fantasy gods. The Jade Dragon of Hongshan 
culture including the Slotted-shaped Dragon (sculpture in the round), Y-shaped Arti-
fact (front plane-like) and Circulators [1], had a common prominent feature: two large 
round eyes almost occupying the entire head. Between the eyes, the two upper and 
lower arcs are connected like a bridge. As a whole, it is very similar to the Animal 
mask patterns on ancient Chinese bronze ware. Following the Hongshan Culture, the 
pattern - God with Animal’s Face (Fig. 2) was well known in the Liangzhu Culture 
(3300-2200B.C.). This pattern with a relief animal mask at the bottom has a pair of 
prominent eyes is as the main character. The center of the eyes is double ring of con-
centric circles to symbolize the eyeball and pupil and is surrounded by egg-shaped 
eyelids that are covered with thin sculptured wire. The two eyes are connected with a 
short bridge, very similar to the Hongshan Jade Dragon. The man of God is like riding 
on the animal with a sitting posture and its eyes also consist of double concentric 
circles. The difference is that the outer ring has two short lines or triangular tip at both 
sides to denote the Canthal angle of the eye. The same comparison also appears on 
many jade cong for their Simplification of God with Animal’s Face to explain the 
distinction between man and animal. 

  

Fig. 1. Fish Pattern with 
Human Face 

Fig. 2. God with Animal’s 
Face 

Fig. 3. Chen Wording Type 
Eyes 

Eye Images of the Bronze Age in China. The main decoration in Chinese Bronze Age 
is the animal, especially the Animal Mask Pattern. There are three bronze plates deco-
rated with the Animal Mask and inlay turquoise found at the Erlitou Culture site (2080-
1580B.C.).  It has the two kinds of eyes; round and almond-shaped. Most of the Animal 
Mask Patterns in Chinese Bronze ware belongs to the Shang and early Western Zhou 
dynasties(1562-771B.C.), and the stylized Chen Wording Type Eyes (Fig. 3) is its cha-
racteristic. This is an impressionistic approach to express the eyelid and the pupil image, 
and named by its shape similar to the Chinese word “minister” in seal script. Chen Word-
ing Type Eyes were also used in jade and became a significant characteristic of that time. 
After the mid-Western Zhou dynasty, the specific animal prints were instead by Variant 
zoomorphic patterns, such as Chieh-chu Wen(竊曲紋)、Chung-huan Wen(重環紋)、
Po-chu Wen(波曲紋)、Lin Wen(鱗紋). These patterns were evolved from the Animal 
Mask, dragon, phoenix, etc., but had already been simplified or deformed. [2]. The 
Chieh-chu Wen also known as the animal eye cross-linked pattern is descriptive of two 
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decoration- vortex pattern.(Fig. 5). And the Yunlei Wen for Shang and Zhou dynas-
ties(1562-221B.C.), the cloud scroll patterns for Warring States period(475-221B.C.). 
However, the skill of representing the cloud patterns can be sure to be started from the 
southern state of Chu during the Warring States Period. The traditional Chinese ideolo-
gies think that the cloud and Qi(氣) are the same and  signify the heavens, the mysteries 
of the universe. The clouds pattern - Yun Wen -matures further in the Han Dynas-
ty(206B.C.-A.D.220), have been widely used on palace, clothing, utensils and more with 
other combination, such as dragons, beasts, birds to convey the feeling of flow and speed. 
Due to the influence of Buddhist culture in the Wei, Jin and Southern and Northern Dy-
nasties(A.D.220-581), the Streamers cloud pattern in decorative painting often set off as 
a bodhisattva, dragon, or phoenix. The Flower-like cloud pattern(Fig. 6) in the Sui and 
Tang dynasties(A.D.581-907) is realistic, plump, beautiful, and very decorative and also 
makes the picture lively, reflecting a rich and satisfying public aesthetic taste. During the 
Song and Yuan Dynasties(A.D.960-1368), the Ruyi-cloud pattern was combined with 
Ruyi and Ganoderma patterns, and can be used alone or with other patterns to give new 
meanings. During the Ming Dynasty(A.D.1368-1644), the most unique pattern was the 
Group-cloud pattern; complex, strong sense of order and symmetry, with delicate double 
hook processing into a highly patterned situation. The Qing Dynasty(A.D.1644-1911) 
launched a lavish, complicated decoration - The Stack-cloud pattern - Uniform fine curve 
of twists and turns, through freely changeable, endless combinations to form its own 
characteristics [4]. 

The Cultural Connotation of Yun Wen. The endless cloud pattern are highly asso-
ciate with Chinese ancestors' understanding to the natural phenomenon of the cloud. 
The cultural connotation of the cloud pattern can be roughly summarized by the fol-
lowing three points [5]: 

1. The relationship between the cloud and Qi. Qi(氣) is one of the objects of pre-Qin 
and later philosophers concerned about. They thought that Yuan Qi is the origin of 
the heavens and the earth and all things are generated from the interaction between 
Yin(陰) and Yang(陽). Qi is a pictograph resembling rising steam; the original 
meaning is just the clouds. The ancient Chinese believed that the cloud is Qi and 
Qi is the cloud. Therefore the Qi and the cloud are the same. 

2. The relationship of Yun Wen and Immortal Thoughts. The natural cloud is unpre-
dictable. It comes and goes without a trace of mystery. People since ancient times 
had already linked the cloud and gods, mythical beasts, ghosts and goblins. The 
gods as well as monsters in ancient Chinese legends usually take cloud as there 
rides. Immortal Thoughts flourished in the Han Dynasty, so the cloud pattern be-
come very popular. Yun Wen not only has rich and vivid images but also possesses 
more Chinese pattern Unique Artistic Beauty related to the immortality concept. 

3. The auspicious significance of Yun Wen. The cloud makes rain to moisten all 
things so it can bring good luck to the people. In addition, the Cloud and Fortune 
are homonyms in Chinese pronunciation and connote the meaning of luck and fate. 
Therefore, the Yun Wen is also a Chinese traditional auspicious pattern. Related to 
Chinese traditional patterns and auspicious significance, Lucky cloud pattern, 
Ruyi-cloud pattern, etc., were essential decorations in folk painting, embroidery 
and engraving. 
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3.5 Styles – The Modern Style and the Eastern Myth 

Abstract, Minimalist – Modern Fashion Style. The perfect combination of technol-
ogy and art in a handicraft era had created a brilliant traditional craft. The Industrial 
Revolution brought new technologies, new materials, and new methods of production, 
but didn’t bring any new art for reference to design. Therefore, the mass production 
by the machine brought a sharp downfall in the artistic quality of the product, and the 
decrease of the artistic tastes of consumers. In order to solve this problem, the Arts 
and Crafts Movement, Art Nouveau and Art Deco Movement arose. But these move-
ments were not the most effective way to solve the problem because they chose to 
escape or fight against industrial technology contrary to the trend of the times. Com-
pared to manual techniques, industrial production technology is indeed a step forward. 
The key point is that it is necessary to find a new art form to adapt to the new produc-
tion technology and so create quality products that belong to the machine age. Ab-
stract trend of Modern Art provided an excellent solution to resolve this contradiction. 

Abstract trend of Modern Art began with Cezanne and developed into cubism and 
abstract art. They followed rationalism and used geometric shapes and minimalist 
color to extract the performance of objects. These features were just in tune with the 
requirements of mass production and considered to be the best choice for machine 
production. Modernism design is born on this basis and became the most stable, most 
influential style in the First half of the 20th century. Although Modernism design had 
been criticized by Post-modernism and leaving the design style to become more di-
verse. However, the trend that the shape and decoration of abstract and simplify is 
already taking shape, not possible to go back to the old ways of the traditional com-
plicated fine decorative. 

Between Similarity and Dissimilarity – Eastern Myth. Emphasis on the abstract, 
minimalism and vogue seems to have lost the charm of the Oriental tradition – the 
hazy mood of the subtle and impressionistic. How to pursue such flavor? The late 
Ming painter Shi Tao advocated painting to be "Unlike what the like is really like", 
thank thought that painting must to pursue the rhyme of the image of the outside ra-
ther than stick to the original shape. Likewise, the recent painter Qi Baishi summa-
rized the ancestors’ paintings experience, advocated "Wonder from the Similarity and 
Dissimilarity". 

4 Practice of the Works 

4.1 Consideration of the Work Form 

Yun Wen is one of the most representative of traditional Chinese ornamentation; the 
composition of arc curves and the sense of movement were required for these design 
activities. It not only can achieve the basic shape of the eyes, but also convey the flow 
characteristics of the eye. The clouds patterns and forms are various and complicated, 
they can be the extremely simple Vortex pattern, or other combination such as Group-
cloud pattern or Stack-cloud pattern. We initially selected Vortex pattern to present a 
simple, abstract, and minimalist style features of the eyes. Vortex-shaped line as a 
base to the Vortex pattern is an open curve line, with some qualities of dynamic,  
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rotary, etc., full of uncertainty characteristics [6]. As a result, the comic uses of the 
vortex pattern instead of eyes to indicate that dizzy feeling. Therefore, this study 
hopes to utilize the vortex pattern as the image of the eye. To rule out the uncertainty 
evoked by the lines is the main concern. After much thought and effort to get ideal 
results, characterized as follows: 

a. The Vortex pattern is started from the center to the semicircular morphology to 
symbolize the “eyes” image, and then extended out and back gradually closing the 
circle to constitute the appearance of the eye contour. 

b. In order to avoid the endless extending feeling that volute lines brings, we inter-
change hierarchy in the end part of the "eyes" and the outer ring. In addition, both 
ends of the pack to the ground floor produced the Vortex pattern convergence 
sense.  

c. We use the curved surface, especially render eyes with a greater curvature. 

4.2 Examination of the Work Form 

Examine the complete Cloud-vortex Eye, we preliminarily consider that the affections 
as following:  

a. With the inner and outer rings' interchange of a hierarchy at the end of the pupil part, 
we not only create the effect of segmentation around eyeballs and eyes, but also gener-
ate the alternative  light and shadow to produce the impression of three-dimension.  

b. Although, there is no actual closed circular form, but through the guide lines of 
opening end, and the circular arc surface. We can feel the presence of the pupil 
from the psychological level. This is just the Law of Closure advocated by Gestalt 
psychology, which not only can complete the image of the pupil effect, can also 
raise the attention of the viewer by its ambiguity. 

c. Through the unilateral opening form of the pupil, a directive visual line was created 
from the closed side to the open side, this design also brought out the emotion 
filled with of vitality . 

d. Different from the traditional direct simulation, Cloud-vortex Eye presents the im-
age of the eye and Life by an impressionistic abstract form to complete the oriental 
flavor that "Wonder from the Similarity and Dissimilarity". 

4.3 Case Study 

The Owl Image Teapot. The owl’s most significant feature that distinguishes it from 
other birds is the "face plate" organization; it is also the most important part of show-
ing owl images. The teapot design case considered rendering the owl’s face plate with 
parabolic concave, not only to comply with the actual form of the owl’s face plate, but 
also to strengthen the changes and contrast effect by means of light and shadow. Rela-
tive to the parabolic concave, owl eyes are placed with a relatively protruding inde-
pendent segmentation in the appropriate position in the face plate. Finally, the eyes 
were joined together with the spout in the upper middle of both sides of the plate to 
symbolize the bird beak and complete the characterization of the owl’s head image. 
Although the beak position and the actual shape do not match, the overall expression 
of the owl image is successful. (Fig. 7) 
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psychological level. Especially in context with beak characteristics, the symbolic 
expression of the eye is very obvious. 

e. Through the disparity of both sides pupils, particularly convey the visual directivi-
ty. The flow characteristics of the vortex pattern also create the eye a sense of vivid 
life. 

f. Distinguished from the traditional direct simulation of two-round, Cloud-vortex 
Eyes, the impressionistic abstract form, showing the oriental flavor - Wonder from 
the Similarity and Dissimilarity is better reached. 

Key to the Design of “Swirly Cloud Eyes”. From the evolution of three actual 
cases, the Cloud-vortex Eye is not necessarily confined to the initial circular contour. 
It may be able to extend endlessly, or gradually disappear integrated into the main 
body. The only constant is the interchange of hierarchies the end of the pupil and the 
outer arc of the eye surface form. This mode can be regarded as the design key of the 
Cloud-vortex Eye. 

Possible Development in the Future. In this study, the designs of the Cloud-vortex 
Eye used in a bird’s eye symbolic expression are successful. Might they be applicable 
to eyes of the other animals, or might it help develop more emotional characteristics? 
These questions are worthy of further exploration. 

Acknowledgment. This study was partly sponsored with a grant, NSC99-2622-H-
144-002 -CC3, from the National Science Council, Taiwan. 
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Abstract. This research takes the theory of brand experience as the guidance, 
uses the brand experience evaluation as its method and aims the service design 
as its target. And the research is to search for the new theory and model of pro-
moting brand image. We have designed creatively the semantic analysis scale 
of experience evaluation of Wuxi fruit brand Yangshan Shuimi Peaches. Psy-
chologically, we evaluated 3 types of the packages of PeachWell Brand: A (the 
original package), B (new package) and C (new package). After that, we col-
lected the CSI (Customer Satisfaction Index) data, which showed the differ-
ence: B>C>A. Demographic samples divided by different means all had their 
own different requires of brand packages. These CSI data showed us that the 
new package B and C made more contributions to upgrading the brand. Accord-
ing to the result analyses of the empirical research on brand experience, we 
bring up the detailed service design plans and positive advices of promoting the 
brand image. 

Keywords: Brand experience, Experience evaluation, Brand image promotion, 
Empirical research. 

1 Research Theories and Application Value 

In this topic, we studies the experience evaluation of the hang package of PeachWell 
Brand Yangshan Shuimi Peaches (the original Package A). To enhance its brand im-
age, we designs new packages (the new Package B and C) to facilitate our empirical 
research. And we did association analysis on the data and factors got from the psycho-
logical evaluation of user experience by designing experience evaluation chart (Yang-
shan Shuimi Peaches semantic analysis chart). In view of the above, the empirical 
research is conducted in order to improve Wuxi local fruit brand. 
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A (Original)                B (New)                      C (New) 

Fig. 1. Package Design Proposals for Yangshan Shuimi Peaches Brand 

2 Chinese Peach Brand Market and the Feature of Yangshan 
Shuimi Peaches  

2.1 Features of Yangshan Shuimi Peaches Brand Experience 

Feature of Yangshan Shuimi Peaches Brand Scene Experience: Compared to peaches 
from other production places in China, Yangshan Shuimi Peaches of Wuxi is famous 
for its large size, beautiful color,  thin skin, thick flesh, juicy and sweet taste with 
rich fragrance. 

Feature of Yangshan Shuimi Peaches Brand Emotion Experience: Yangshan Shui-
mi Peaches are the special local products of Wuxi. As a kind of healthy and nutritious 
local special fruit, Yangshan Shuimi Peaches are among the top choices in the concept 
of “to send health as a gift”.  

Feature of Yangshan Shuimi Peaches Brand Action Experience: Due to its high 
price, Yangshan Shuimi Peaches which is beneficial to all ages only have  the main 
customer group of mid-age customers with some teenagers and the elders.   

Feature of Yangshan Shuimi Peaches Brand Thingking Experience: In Chinese cul-
tural, peach is the symbol of auspiciousness, longevity and youthfulness while the 
peach flowers represents spring and talisman. So there formed unique “Peach Cul-
ture” in Chinese profound history with thousand years. 

3 Brand Experience Theory Oriented Research on Yangshan 
Shuimi Peaches Package Design  

3.1 Summary about the Theory of Brand Experience 

In recent decades, the theory of brand experience has greatly developed through re-
searches done by numbers of scholars both at home and abroad, such as Holbrook & 
Hirschman, Rooley, Padgett & Allen, Pine & Glimoref, Petromilli & Michalczyk, 
Ellwood, Pinkerf, Dube & Le Bel and Schmitt. Based on the four-pattern brand expe-
rience theory of Brakus, Schmitt and Zarantonello in 2009, the topic describes brand 
experience in aspects of Scene Experience, Emotion Experience, Thingking Expe-
rience and Action Experience. 
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3.2 Analysis of Yangshan Shuimi Peaches Brand Package Experience 

In this article, we suggested 20 pairs of adjectives to evaluate user experience about 
Yangshan Shuimi Peaches package: 

─ Scene Experience: good-looking, warm-colored, bright-colored, simple, vivid, 
with-details, useful, spiritual; 

─ Emotion Experience: unique, high-class, prestigious; 
─ Action Experience: intuitive, collectable, protective, anti-counterfeiting, fresh-

reflective, good-quality; 
─ Thinking Experience: traditional, meaningful, local-featured. 

By collecting cognition adjectives about brand experience of Wuxi Yangshan Shuimi 
Peaches Package above, we made evaluation tool about brand experience of Yang-
shan Shuimi Peaches package in scientific empirical way. After experience evalua-
tion, we got quantization layer about packages of the same brand and made evaluation 
index. To lay foundation for further brand shaping and promotion, we also output 
parameter to quantatively differentiate various brands which will provide effective 
design position and design strategy for Wuxi fruit brand system service design. 

4 The Empirical Research about Evaluation of Yangshan 
Shuimi Peaches Brand Package Experience 

4.1 Introduction of Empirical Design 

In this topic, we chose the hand package with anti-counterfeiting trace technology of 
PeachWell as our target of Yangshan Shuimi Peaches brand package experience eval-
uation, which is Package A for short. And based on brand experience theory, our re-
search group of the design school designed Package B & C for PeachWell Brand to 
compare psychological evaluation of the original Package and the new designs. 

The semantic analysis scale of Yangshan Shuimi Peaches package design, our 
evaluation tool, consists of 20 adjectives (Test Variables). Our evaluation object are 
original Package A (referred as Package A below), redesigned Package B (referred as 
Package B below), and redesigned Package C (referred as Package C below). And we 
get the result from Customer Satisfaction Index, referred as CSI below. We mainly 
discuss the common point, different point, maximum and minimum value of CSI of 
three packages, In appliance with Schmitt’s brand experience theory, we collect ad-
jectives about Scene Experience, Emotion Experience, Action Experience, Thinking 
Experience of Yangshan Shuimi Peaches package experience. After pre-experiment, 
finally we made the testing questionnaire. In our questionnaire interview, we mainly 
collect various people’s CSI about Yangshan Shuimi Peaches package experience and 
do association analysis and factor analysis between customer feature and their CSI. 
We hope that the result analysis of our empirical research will lead the improvement 
of Yangshan Shuimi Peaches package service design. 
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4.2 The Empirical Research Design (Semantic Analysis Scale Design) 

Initial Questionnaire Design: Brain Storm: We list over 100 adjectives about Yang-
shan Shuimi Peaches and its package, including Scene Experience, Emotion Expe-
rience, Action Experience and Thingking Experience. 

Choose Variables: Categorize the adjectives in different types of experience, make 
them into question frame and rank the questions. Combining Likert scales and Os-
good semantic analysis scales, the initial questionnaire consists of 42 variables with 
five attitude scores. 

Pre-experiment of Questionnaire: 20 questions were issued in De Fier’s way, and the 
response rate was 100% and all the 20 questionnaires were available.  

Test the discrimination of all the 20 available questionnaires. Choose 20 variables 
with maximum average deviation out of the 42 variables to form experimental ques-
tionnaire. The 20 variables comprehensively four aspects of brand experience theory: 
Scene Experience, Emotion Experience, Thinking Experience and Action Experience. 

Empirical Research Implementation: Testing: Part of the questionnaires were distri-
buted in urban and rural areas of Wuxi. And they were all finished on-site.  In addi-
tion, to get evaluation of consumers from other places, questionnaires were not only 
send peer-to-peer through QQ software, E-mails, but also they were distributed na-
tionwide by online professional survey platform Questionnaire Star (http://www. 
sojump.com/jq/2116939.aspx). 

Tested: In formal research, there are 241 questionnaires issued, with 241 response and 
201 questionnaires available. Among the tested customers, there are 99 males and 102 
females. Not only design students from technical school, undergraduate school and 
graduate school but consumers in different career are also included in the test. 

ERP Data Processing: Questionnaires that are not finished seriously are regarded as 
invalid questionnaires. In appliance with software of SPSS 17.0 and Excel, question-
naire data were input, calculated to conduct association analysis and factor analysis. 

4.3 Empirical Research Association Analysis and Result Discussion 

Original and New Package Design Evaluation Experience Analysis for Yangshan 
Shuimi Peaches Brand PeachWell  
According to Figure 2: CSI of Package A ranges from 2.42 to 3.63. The element with 
the highest consumer evaluation is “protective” of behavior experience with CSI 
(3.63), while collectable element gets the lowest CSI evaluation with 2.42. Package B 
gets CSI score from 3.31 to 4.15 with consumer’s positive evaluation in all aspects, 
among which, the lowest CSI appears in collectable of intellectual with 3.31 score. 
And Package B’s unique and prestigious elements of Emotion Experience get the 
highest average CSI of 4.15. Package C achieves CSI of 3.23 to 4.02. Its highest CSI 
score is 4.02 of warm-colored element of Scene Experience, while the lowest CSI 
score is 3.23 of collectable element of Thinking Experience. 
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Fig. 2. Experience Analysis of Brand Package A, B and C 

From average CSI curves, we can tell that the CSI arranges from 2.99 to 3.87. The 
highest score exists in the “protective” element of Action Experience with CSI score 
3.87 for the reason that the three packages uses patented suspension technology of 
hang package. User’s collectable evaluation of Thinking Experience has the highest 
average CSI of 2.99, suggesting that as a high-class gift package, all the three pack-
ages of Yangshan Shuimi Peaches need improvement in Thinking Experience. 

Comparing the curves of Package A, B and C, CSI of Package A in lower than 
Package B & C in every evaluation aspect. In 13 aspects out of 20, Package B 
achieves higher CSI than Package C. So users experiences best about Package B. So 
the overall experience rank is B better than C, and better than A (B>C>A). 

In summary, the suspension design of Package A, B, C enhances consumer expe-
rience in protection. To Package A, consumers accept its simple red- white appear-
ance in Scene Experience. However it still has improvement space for users’ affective 
and Thinking Experience. The peach flower element of Package B & C positively 
enhance consumers’ brand experience. But as high-class package, Package B & C 
have to bring customers better Thinking Experience, especially in collectable. Com-
paring simplicity and details, consumers prefer simplicity rather than too many  
details.  

Brand Scene Experience Analysis of Yangshan Shuimi Peaches Package Design  
According to Figure 3, there are associate differences between customer’s region and 
their Scene Experience. The curves representing CSI of consumers from the midwest 
countryside and s&m midwest cities is relatively higher than that of other regions. 
The lowest CSI belongs to consumers from coastal cities and midwest cities. 
 

 

Fig. 3. Association Analysis of Scene Experience & Region Chart 
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1. Package A get the lowest CSI range from 2.47 to 3.83 in Scene Experience. Custom-
ers’ evaluation differs most greatly in aspects of good-looking, simple and vivid.  

2. Customers from different region evaluate Scene Experience of Package B with 
highest CSI from 3.33 to 4.67. While CSI of simple and bright-colored differs 
greatly. Moreover, in aspects of vivid, bright-colored, warm-colored and with de-
tails, CSI of midwest countryside are higher than that of other regions. 

3. CSI of different regions for Package C ranges between 3.2 and 4.5 in the Scene 
Experience. Package C may gain more favorite by midwest countryside customers 
in Scene Experience. 

Brand Emotion Experience Analysis of Yangshan Shuimi Peaches Package Design 
The CSI curve distribution of Figure 4 shows that customers with secondary and ter-
tiary education have higher CSI than other education level consumers, while under-
graduate and graduate consumers give lower evaluation than consumers with other 
education background. That means, to some extent, consumers’ Emotion Experience 
evaluation is inversely proportional to their education level.  

 

Fig. 4. Association Analysis of Emotion Experience & Education Chart 

Analyzing Package A, its Emotion Experience CSI ranges from 2.0 to 4.8. Con-
sumers CSI are relatively higher in aspect of unique and prestigious than high-class.   

To Package B, CSI of different education level consumers ranges from 3.5 to 4.8 
point. Among the three aspects, unique has the minimum difference with 3.95 to 4.50, 
which indicates that all consumers hope packages to be distinctive. On contrary, high-
class has maximum difference between 3.40 to 4.80, suggesting that consumers’ opi-
nion about high class varies greatly. That is our solid facts of our differentiated brand 
package design.  

To Package C, Emotion Experience CSI ranges from 3.50 to 4.47. But consumers 
of middle school, high school and technical school have concentrated CSI around 
4.40, apparently higher than 3.8 CSI of consumers with college education. So the 
package is controversy in Emotion Experience and need to be redesigned through 
further discussion into user experience to explore the reason. 

Brand Action Experience Analysis of Yangshan Shuimi Peaches Package Design 
From curve distribution in Figure 5, we can find that consumers from CSI of midwest 
cities and coastal countryside are relatively low, especially for Package A. CSI of 
coastal cities and s&m coastal cities show little difference in the three packages. That 
means consumers from coastal cities, mostly with better economic condition and 
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open-mind, care little about Action Experience. Contrarily, coastal countryside and 
midwestern consumers consider more about Action Experience in their decision. 

 

Fig. 5. Association Analysis of Action Experience & Region Chart 

1. Analyzing Package A, its Action Experience CSI of consumers from various areas 
is the lowest, from 1.60 to 3.66. Consumers show greatly different attitude toward 
anti-counterfeiting and collectable, indicating that package design strategy need 
further investigation on market segmentation. 

2. Package B CSI are between 2.93 to 4.50. Among that, both midwest and coastal ru-
ral consumers’ CSI differs greatly to consumers from other regions. Especially in 
aspect of fresh-reflection, rural consumers’ CSI is much higher than that of other 
regions. So to rural consumers, they have more expectation to the fresh-reflection 
of package. 

3. To Package C, CSI of different regions ranges from 3.0 to 4.5.  Midwest rural 
consumer’s CSI differs greatly from other region, which apparently appears in 
fresh-reflective aspect with higher CSI of 4.5 scores. Because they are relatively 
unfamiliar with Yangshan Shuimi Peaches and far away from urban lifestyle. . 

Brand Thinking Experience Analysis of Yangshan Shuimi Peaches Package Design 
In Figure 6, there is obvious stratification in variously educated consumers’ CSI about 
Yangshan Shuimi Peaches packages, indicating that consumers with different education 
level have independent Thinking Experiences. So designers should take it into considera-
tion in package design. Generally speaking, primary and secondary education consumers’ 
CSI are relatively higher, while bachelor degree or above consumers’ CSI are lower, 
which suggests that consumers with higher education expect more on Thinking  
Experience. 

 

Fig. 6. Association Analysis of Thingking Experience & Education Chart 
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Analyzing Package A, consumers’ Thinking Experience evaluation is the lowest 
among 2.0 to 4.2 score ranges. Consumers share similar attitude on its tradition factor 
with CSI around 3.2. But their attitudes toward packages meaning and local feature 
differentiates greatly. 

 For Package B, variously educated consumers’ CSI ranges from 3.77 to 4.53. 
Technical students’ CSI of 3.77 varies greatly with graduate students’ CSI of 4.53. As 
both the tested technical school students and graduate students are major in design, it 
shows that consumers have different experience about tradition according to their 
education levels. 

Consumers’ CSI about Package C’s Thinking Experience range from 3.58 to 4.60. 
We can tell from its plain and uniformly distributed curves that, to some extent, the 
three aspects of consumers’ Thinking Experiences influence each other. 

4.4 Factor Analysis and Result Discussion of the Empirical Research 

Premise Inspection of Factor Analysis. The premise of factor analysis is the rela-
tively strong correlation between original variables, from which we can consolidate 
several common factors that reflect common characteristics of the original variables 
with Bartlett Sphericity Test and Kaiser-Meyer-Olkin Test. Kaiser gave frequently-
used KMO metrics: above 0.9-very suitable; 0.8-suitable; 0.7-general; 0.6-less suita-
ble; less than 0.5- unsuitable. In this research, its Bartlett Sphericity Test value of 
Package Adjective scale is 2772.889 with 0.949 KMO value. Its Sig value is close to 
0, indicating that they are very suitable to be factor molecules. 

a. Common Factor Extraction (Chart can not be displayed due to limited space)  

Through factor extraction and rotation of 41 website experience variables in 179 
available samples, we extracted three common factors with characteristic root above 1 
in PCA (Principle Component Analysis), see details in Chart 1. The three extracted 
common factors explained 65.719% total variance of original variables. Variances of 
factors’ explanatively original variables are redistributed after factor rotation. And 
factor variances are changed to make factors easier for explanation.  

In the gravel diagram, the abscissa represents the number of common factor, while 
the ordinate Eigen value. The first factor with high Eigen value makes the biggest 
contribution to original variables explanation. From the second factor, Eigen values 
decrease gradually. After the third factor, Eigen values of the factors are small and 
ignorable break stones at the foot of the mountains, making little contribution to orig-
inal variables explanation. So it is appropriate to extract the first three common fac-
tors with Eigen values above 1. 

b. Factor Matrix Rotation (Chart can not be displayed due to limited space)  

Through orthogonal rotation, this subject successes in making most of the variables 
with great differences in load coefficient in every common factor after the conver-
gence of eight times rotate iterations. In Chart 2, there are eight adjectives with higher 
load in the first factor. The first factor mainly interprets 8 variables: Q9 and Q16 have 
higher load in the second factor; Q17 and Q20 have higher load on the third factor. 
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Factor Nomination Interpretations and Brand Package Design Inspiration.  
According to rotation ingredient matrix and result analysis of arranged rotation ingre-
dient matrix (Chart 2), it is easy to see the relationship between every main compo-
nent and its high load content, and nominate the three factors. 

a. Vivid and Prestigious Factors, including 8 adjective variables: vivid (Q6), unique 
(Q5), high-class (Q7), prestigious (Q16), useful (Q15), spiritual (Q13), protective 
(Q14), bright-colored (Q9). Vivid and prestigious factors maintain more Emotion 
Experience variables: vivid (Q6), unique (Q5), high-class (Q7), prestigious (Q16) 
and some Scene Experience such as spiritual (Q13) and bright-colored (Q9), con-
sisting eight elements of composite related experience. Among experience evalua-
tion of three brand packages, Package B Emotion Experience evaluation CSI is 
4.15, indicating that vivid and prestigious factor makes the main contribution. That 
inspires us that the package designers should pay attention to design elements of vi-
vid and prestigious factors (as eight variables mentioned above). Thus, designers 
can combine those design elements creatively and form different style brand pack-
age design of Yangshan Shuimi Peaches, creating product series service design with 
brand personality and characteristics. 

b. Culture and Detail Factors, maintaining 8 adjective variables as well: collectable 
(Q19), local-featured (Q20), anti-counterfeiting (Q18), meaningful (Q12), tradi-
tional (Q11), good quality (Q10), warm-colored (Q8). We can take culture and  
detail factors into consideration, which includes composite related experience 
combing Thingking Experience and Action Experience. In the empirical research, 
Package C experience effect tends to the style with culture and detail factors, 
which have important reference value in improving local-featured brand design. 

 c. Intuitive and Simple Factors, with 4 adjective variables: intuitive (Q2), simple 
(Q4), good-looking (Q1), fresh-reflective (Q17). Intuitive and simple factors main-
ly consists of Scene Experience factors, including intuitive (Q2), simple (Q4), 
good-looking(Q1) and fresh-reflective (Q17). In the empirical research, Package A 
belongs to this style and achieves high market acceptance. 

5 Conclusions of the Empirical Research 

Oriented by the theory of brand experience, we expect to make innovative contribu-
tion to the expansion of the brand theory. Bernd H. Schmitt (1999) proposed five-
element theory model of brand experience: Scene Experience, Emotion Experience, 
Thingking Experience, Action Experience and related experience. This article focuses 
on the five dimensions to explain the specific approach of how brand experience in-
fluences brand loyalty.   

We make association analysis between package design for Yangshan Shuimi 
Peaches of Wuxi fruit brand and the consumer experience evaluation of fruit brand to 
theoretically explore the universal law of matching brand design with user experience. 

We originally design semantic analysis scale of experience evaluation for Yang-
shan Shuimi Peaches of Wuxi fruit brand. Through psychological evaluation of Pack-
age A, B, C for the PeachWell brand, we collect consumer satisfaction CSI (Customer 
Satisfaction Index) and get the differentiated results: B> C> A. Different populations 
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claim for distinctive brand package. And their CSI parameters indicate that the new 
Package B & C make greater contributions to brand promotion. 

According to Schmitt’s five-dimensional brand experience factors, we choose 20 
adjectives to describe the experience of Yangshan Shuimi Peaches Package Based on 
multiple consumer evolution samples: Scene Experience: warm-colored, good-
looking, bright-colored, spiritual, good-quality, simple, vivid, with-details; Emotion 
Experience: unique, prestigious, high-class; Action Experience: collectable, protec-
tive, anti-counterfeiting, intuitive, fresh-reflective; Thinking Experience (cultural 
experience): local-featured, traditional, meaningful. 

After factor analysis, we name three main factors: 1. Vivid and prestigious factor; 
2. Culture and detail factor; 3. Iintuitive and simple factor. Finally, we get the notice 
from empirical operation of Yangshan Shuimi Peaches experience evaluation: To 
improve Wuxi fruit brand experience and image, the three main factors make various 
contribution. Accordingly, it is of great reference value that packages of different 
styles can be designed to help form a series of brand packaging design. 
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Abstract. The experiential economy has entered our life affecting many prod-
ucts with cultural connotations and changing people’s lifestyles. It also displays 
cultural and creative industries that would be outstanding in the world. Chinese 
culture is the basis for the superior cultural and creative industries in Taiwan. 
Do the products evoke the sensation and emotion of consumers which designed 
in culture of value-added? Does the factor correlation between culture style and 
cultural-products? Are the business models of cultural and creative Industries 
and cultural-products of Qualia closely related? All of these questions are wor-
thy of further exploration. Based on information analysis and literature review 
this study presented a framework applicable to any kind of Qualia products and 
culture and creative industries. The findings are as followed: (1) Cultural style 
is really enough to affect the design of cultural-products; (2) Successful prod-
ucts should conform to the five factors of Qualia: Attractiveness, Beauty, Crea-
tivity, Delicacy and Engineering; successful culture and creative industries 
should conform to the aesthetic economy business model. Taiwan has the ad-
vantage that value-added from Qualia to business model of cultural and creative 
industry is a presentation of the cultural connotation. Flourishing cultural and 
creative industries need a start in Taiwan. Marketing and brand building need to 
be extended by aesthetic from the economy business model to be outstanding in 
the global marketing in the future. This study includes the relation between cul-
tural-products and consumers, Qualia products and business model exchange 
platform, international marketing operations and national support and counsel-
ing policies for a follow-up study issue. 

Keywords: Cultural and Creative Industries, Qualia Products, Business Model, 
Design Value Added. 

1 Introduction 

Global information flows rapidly in recent years. Culture-products of each country are 
visualized more easily everywhere on the globe. These show that the era of aesthetic 
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economics is coming. People are no longer satisfied with just satisfying their material 
needs; spiritual needs are more important than material needs. Consumers favor those 
daily living goods that have some distinguishing feature in addition to their practical 
function. Furthermore, the country have rich cultural heritage which can support the 
culture connotation of products, and these products have cultural connotation, person-
al style and attitude to life that can touch people's hearts. From 2003 to 2008, Taiwan 
had 651 awards in worldwide design contests, but 75% of the awards were for high-
tech products which don’t touch people's hearts [1]. Consumers need products which 
have depth of beauty. Fortunately Taiwan gradually extended design works to other 
areas from the high-tech products domain after 2008. Cultural and creative industries 
corporate philosophy with cultural connotation seem to be different for general indus-
tries from their products, and it is worth to explore the correlation between the 
touched factors of cultural characteristics and creative products. 

“Cultural and Creative Industry Development Plan” is one of the Executive Yuan’s 
of Taiwan Government “Challenge 2008 -National Development Plan” which empha-
sizes that the Cultural and creative design industries are to be the“4Cs”industries. The 
“4Cs” are “Cultural”, “Collective”, “Cheerful” and “Creative”. Therefore, flourishing 
cultural and creative industries should be start from Taiwan’s local industries and 
need the support of national policy and the support of the populace. Based on the 
above reasons, this study explore cultural-products' appearance, their cultural conno-
tation of value-added and related industries. The authors investigate and discuss two 
issues in this paper. The first is the correlation between cultural style and cultural-
products. The second is the correlation between Qualia products and the aesthetic 
economy business model. 

2 Literature Review  

2.1 Qualia Connotation of Culture-Products 

Culture is the essence of creativity while creativity takes on the core of the industries; 
that is, only when craftworks come with cultural significance will they be alive [2]. 
Designing “Feeling” into products to present the emotional communication of user 
experiences becomes a design trend in the 21st century. As a result, “design for feel-
ing” becomes the key factor for innovative products [3]. Bermond [4] stated that emo-
tional Qualia are then the phenomenological representations of the end products of the 
appraisal processes. Therefore, a good product is a craft which exercises a discourse 
with people through its sensation evoking image and brings inspiration to them. As 
American design expert Norman stated, affective/emotional factors are the ultimate 
determiner of the success or failure of product design [2]. Lin [5] also stated that Qua-
lia products are an expression of “Humane” and “Story” while general industrial 
products are an expression of “Functional” and “Rationality”. For these reasons, the 
good sense of the quality product usually has a moving story. 

The Ministry of Economic Affairs in Taiwan promotes the Qualia plan of Small 
and Medium Enterprises which integration product characteristics of cultural and  
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creative. “Qualia” includes five elements; Attractiveness, Beauty, Creativity, Delicacy 
and Engineering. The plan proposes that enterprises make the value-addition to the 
product from Qualia in order to make the consumer experience the products’ value 
[6].The appearance attributes together provide the consumer with an overall impres-
sion of the product. Further, they are more actionable and informative than physical 
properties for designers to use in briefings or product evaluation studies which can be 
used to assess if consumers do actually perceive the meanings that the designer in-
tended to convey using appearance attributes [7]. 

2.2 The Business Model of Cultural and Creative Industries 

In recent years, the rise of the Chinese-speaking world and consumption capacity can 
support the outputs of the cultural and creative industries. Therefore, it is the biggest 
advantage of the traditional craft industry to establish market differentiation through 
cultural.  

Lin [5] said designing “culture” into modern products will be a design trend in the 
global market. The aesthetic experience achieved by connecting design and culture 
can be a new business model. He proposed the new model is called the “ABCDE 
Plan” which shows that to turn “Art” into “Business”, we need “Creativity” and “De-
sign”, which allows the creative products to be transformed into “E-business” [8]. The 
aesthetic economics business model of Qualia product of this study is based on the 
“ABCDE Plan” from Lin [8]  et al., and this business model means through the 
"Culture" to fine "Art ", "Creative" to support "Design" and "Industry" to create 
"Brand" (shown in Fig. 1).  

 

 

Fig. 1. The aesthetic economics business model of Qualia product 
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3 Research Method 

This study employed a comprehensive literature analysis and information analysis of 
cultural and creative industries and cultural-products. The primary objective of this 
explorative study was to investigate value-added from Qualia to business model of 
cultural and creative industries. The authors investigate and discuss two issues in this 
paper. The first is the correlation between cultural style and cultural-products. The 
second is the correlation between Qualia products and the aesthetic economy business 
model. 

This study is divided into the following four phases. 

The First Phase: A study of the companies which produce cultural- products in order 
to analyze their information with research literature, books, magazines, newspapers 
and web content so as to review the cases of the development of the whole story and 
corporate philosophy, and list the chronology of these companies’ founding dates 
based on the above. 

The Second Phase: Five representative cultural-products were selected from each 
company with editing analysis to research their cultural identity, element of style and 
correlation between the brands of cultural and creative industries. 

The Third Phase: Analyze the Qualia sense of the degree of the cultural-products’ 
outward appearances using the method of semantic differential to research their five 
elements (Attractiveness, Beauty, Creativity, Delicacy and Engineering) of Qualia. 

The Fourth Phase: Analyze the business model of cultural and creative industry with 
editing analysis to research the "Culture and Art", "Creative and Design" and "Indus-
try and Brand". 

4 Results and Discussion 

The findings are as followed: (1) Cultural style is really enough to affect the design of 
cultural-products; (2) To be successful, products should conform to the five elements 
of Qualia: Attractiveness, Beauty, Creativity, Delicacy and Engineering; (3) The suc-
cessful culture and creative industries should conform to the aesthetic economy busi-
ness model. 

4.1 Case Study with the Brand Spirit 

The Executive Yuan “Challenge 2008 -National Development Plan” of Taiwan Gov-
ernment is the dividing line for case studies of craft industries which are well-know. 
Those companies produce tableware having cultural commodity characteristics. From 
the companies’ establish times, it was found that about every two years a company 
was established (shown in Fig. 2). It appears that cultural and creative products get 
attention gradually in the market, and the corporate philosophy of those companies is 
to pursue a spiritual level lifestyle and cultural style. 
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Fig. 2. The established chronology of craft industries in Taiwan 

4.2 The Style of Cultural-Product 

The main characteristic of the works after 2002 are the use of a single material and 
minimal style, and cultural connotation and value-added are the important roles for 
recent works. More and more works of local Taiwan after 2009, because the company 
has increased, and it has more cultural connotation of mature technology and related 
policies. It also appears that industries and consumers have a common perception of 
culture connotation (shown in Fig. 3). 

 

Fig. 3. Representative works of craft industries in Taiwan 
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4.3 Analysis of Cultural-Products through Five Elements of Qualia 

Qualia products perform of "Human Nature" and demand of the "Emotional" which 
focuses on the "Story" to embellish our lives [9]. The authors choose thirty two cul-
tural-products of porcelain made after 2002 and analyzed them through based on the 
five elements of Qualia. Attractiveness and Creativity of Qualia which define the 
special implications are: Narrative, Cultural and emotional connectivity. The authors 
use these special implications to analyze the senses of Chinese culture nostalgia in 
popular views of quality products. The first findings is that the cultural-products’ 
appearance presented cultural connotation are more than cultural-products’ ideology 
presented cultural connotation from analysis of the cultural-products of cultural con-
notations through Attractiveness and Creativity of Qualia (shown in Fig. 4). 

 

Fig. 4. Analysis of the cultural-products of cultural connotations through Attractiveness and 
Creativity of Qualia 

Product aesthetics may stimulate positive and pleasant sensory responses, arouse 
emotional feelings/expression and create symbolic meanings [10]. The authors choose 
thirty two cultural-products of porcelain made after 2002 and analyzed them based on 
the five elements of Qualia. Beauty of Qualia defines the special implications of col-
or, texture, shape, lines, surface ornamentation, details of the handling and component 
composition. The authors use these special implications to analyze the senses of 
Beauty of quality products. The second finding based on the analysis of the cultural-
products of material and style through Beauty of Qualia showed that the quantity of a 
single material is about twice the quantity of composite materials, and the quantity of 
minimal style is about twice the quantity of sophisticated style (shown in Fig. 5and 
Fig. 6). The quantitative analysis of Qualia of cultural-products is shown in Table 1 
and it is also shown the appearance of Qualia products are more than the connotation 
of Qualia products. 
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Fig. 5. Analysis of the cultural-products of material through Beauty of Qualia 

 

Fig. 6. Analysis of the cultural-products of style through Beauty of Qualia 

Table 1. Quantitative analysis of Qualia of cultural-products 

Attractiveness 
and Creativity 

Nostalgia to popular views  
(Appearance) 

Nostalgia to  
popular views  
 (Connotation) 

Quantity 6 3 

Beauty Single material 
Composite  
materials 

Quantity 22 10 

Beauty Minimal style 
Sophisticated 
style 

Quantity 23 9 

Total 61 22 
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4.4 Business Model Analysis of Cultural and Creative Industries 

The authors choose three companies (Franz Collection Inc., Newchi Company Ltd., 
and JIA Inc.) and analyzed them based on the aesthetic economy business model. The 
findings are as follows: 1. Cultural and Arts: promoting an attitude and style of living 
based on Chinese culture are the corporate philosophies of those companies. 2. Crea-
tive Design: Franz Collection Inc. and JIA Inc. have won the cultural creative award 
in Taiwan as well as the awards in many international competitions; Newchi Compa-
ny Ltd. and Franz Collection Inc. had been invited to exhibit in internationally  
renowned museums. It is a great affirmation of Creative Design based on above rea-
sons. 3. Corporate brand: the operational headquarters of these companies are all in 
Taiwan and their sale networks are domestic and abroad. They are usually exposure 
by exhibitions and subject operations. Furthermore, Franz Collection Inc. is the case-
work counseling in the brand Taiwan development plan of the Qualia SMEs (small 
and medium enterprise) promotion program. Therefore, these companies attach great 
importance to care corporate brand. 

5 Conclusion 

To conclude, the present study presents preliminary research on cultural-products and 
the business model of cultural and creative industries. Successful products from the 
aesthetic economics business model of Qualia product of this study (the "Culture" to 
fine "Art ", "Creative" to support "Design" and "Industry" to create "Brand"), and 
successful products with “Qualia” five elements (Attractiveness, Beauty, Creativity, 
Delicacy and Engineering). Therefore, the result of this research finds that the actual 
operation in cultural and creative industries and aesthetic economy business model are 
related to each other, and it appears that the value-added from Qualia to the business 
model of cultural and creative industries is different from other industries. Taiwan has 
the advantage that value-added from Qualia to business model of the cultural connota-
tion of cultural and creative industries. Therefore, Taiwan needs flourishing cultural 
and creative industries, and needs extending to include marketing and building brand 
by the aesthetic economy business model. So, will it be possible to be well-known in 
the global marketing in the future. Follow-up studies should include the relationships 
between cultural-products and consumers, Qualia products and business model ex-
change platform, international marketing operations and national support and counsel-
ing policies. 
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Abstract. The rise of aesthetic economics is remarkable over the past few years 
and it is also displays the culture and creative industry which would be out-
standing in the world. The useful feature of the product is not the only reason to 
buy the product of the consumer. The interface of product aesthetics gives 
people a sense of beauty and impression; it also promotes people to consume 
and collect. However many products while similar in visual appearance, differ 
in their haptic characteristics affect people's willingness to buy. Based on the 
above reasons, the trend of product design is consumer-oriented. This study 
analyzes the cognition difference of visual and imagined haptic inputs based on 
product texture. We choose tea cups with different textures be the stimulus 
samples in this experiment to investigate the participants’ psychological feel-
ings. The purpose of this study is to discover the correspondence between prod-
uct textures with consumers’ feel and generate specific guidelines for design in 
the future. There are four findings suggested by this paper. The first one is that 
a product with an attractive visual appearance is not necessarily pleasing to the 
touch. The second one is people view the products through visual and describe 
the product bias in emotional thinking. The third one is antonym adjectives of 
the popular products are less which conform of people with normal mental 
state. The fourth one is most of visual and haptic adjectives have commonality. 
Hopefully, industries and multi-cultural style of products will continue to sup-
port the future development and growth of aesthetic economics. 

Keywords: Texture, Visual, Imagined Haptic, Cognition. 

1 Introduction 

The experiential economy era has come to our life affecting many products with cul-
ture connotations and changing people’s lifestyle. It also displays a culture and crea-
tive industry outstanding in the world. A product’s useful features are not the only 
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reason for a consumer to buy it. Does the nice looking product also have a good 
touch? Are a product’s visual and haptic sensations consistent? How do people  
describe visual and haptic sensations?  

The purpose of this study was to analyze any cognition differences between visual 
and imagined haptic inputs on product texture with the goal of designing visually 
attractive as well as haptically appealing products so as to solidify the culture and 
creative industry. The significance of the results is manifested on the three specific 
aspects of industry, designer and consumer. In addition to providing guidance for 
designers here in Taiwan and, hopefully, industries and multi-cultural style of prod-
ucts, it is also hoped that they continue to support the development and growth of 
aesthetic economics in the future. 

We choose tea cups with different textures as the stimulus samples in this experi-
ment to investigate the participants’ psychological feelings with the goal of determin-
ing the correspondence between product textures and consumers’ feelings so as to 
generate specific guidelines for future design.  

2 Literature Review 

2.1 Product Aesthetics and Perception 

Human senses play an important role in people’s understanding and experience of 
products. We see, hear, smell, and touch the artifacts around us in order to learn more 
about them, but also to experience the sensations per se [1]. In general, the sense of 
touch can only perceive one input at a time, whereas some other senses such as vision 
can simultaneously perceive a wide array of information [2]. The degree to which a 
perceptual system manages to detect structure, order, or coherence and assess a prod-
uct’s novelty/familiarity typically determines the affect that is generated [3]. Dagman, 
Karlsson, and Wikström [1] proposed that vision has often been described as the most 
important, dominant sense, but recent studies indicate that the other senses are as 
important in the way we experience products, or even more important. In addition 
attractiveness of the product is based on preferences of a person's feelings.  

Aesthetic response can be defined as an experience (i.e., visual, emotional) that  
occurs in reaction to a specific stimulus [4]. At the aesthetic level, we consider a 
product’s capacity to delight one or more of our sensory modalities [3]. The interface 
of product aesthetics gives people the sense of beauty. It also promotes people to con-
sume and collection. However many products similar in visual appearance but differ-
ing in their haptic characteristics can affect people's willingness to buy. Base on the 
above reasons, the trend of product design is from consumer-oriented. This study 
analyzes cognition differences of visual and imagined haptic inputs on product  
texture. 

2.2 Product Texture 

Texture discrimination clearly relies on the detection of differences between adjoining 
regions, so in some sense elements must be compared with neighboring elements [5]. 
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For example, the honeycomb is composed of a group of lattice modeling, and the 
lattice modeling must be orderly arrangement. Product texture is an explicit aesthetic 
property of product aesthetic attributes [6]. Product texture is one of the three factors 
of visual composition together with modeling and color. It can enrich the surface of 
the product and it also can be viewed and touched. Actually, texture is fundamentally 
tactile. People’s visual experience of it is based on prior tactile experiences in feeling 
different texture previously [7]. 

2.3 Semantic Cognition of Product 

Cognitive processing is based on people receiving messages by sensory stimulation, 
and making them into the experiences of knowledge and memory [8]. Sensory stimu-
lation can encourage viewers to imagine how a product looks or feels when in use [4]. 
Most coders (designer) and decoders (user) have different humanistic backgrounds, 
education backgrounds and folk customs, and they have different results from the 
code (product). Therefore, the product’s meaning from the designer is the potential 
factor affecting the user’s cognition [9]. Semantic cognition of a product is from 
communication and combining cognitive engineering. It lets the user cognize products 
through “Design” and builds the interface between product and user [10]. As Norman 
[11] proposed, that what the product does for the user helps the user can understand 
the situation of the product. 

3 Research Method 

Does a visually appealing product have a haptically appealing touch? Are visual and 
haptic sensations consistent for the same products? How do people describe visual 
and haptic sensations? Based on a literature review, the trend of product design is 
consumer-oriented. This study analyzed cognition differences of product texture 
based on visual and imagined haptic inputs. The authors determined consumer prefe-
rences and emotional reactions through a product instance survey. The study tried to 
explore the aesthetic interface from a product’s form in order to help industry produce 
products which touch the consumers’ heart more strongly. In this paper, a combined 
Kansei engineering method with a survey of images and data analysis was used to 
analyze the cognition difference of visual and imagined haptic inputs on product tex-
ture. 

The overall aim of this explorative study was a preliminary investigation of users’ 
product experiences of visual and imagined haptic sensations and how they are verba-
lized. The participants were 81 college students, and they evaluated the same products 
at two different points in mode. There were two phases (i.e., visual and imagined 
haptic) in the questionnaire survey. We investigate and discuss two issues in this  
paper. The process of this questionnaire survey is shown on Fig. 1. 
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Fig. 1. The questionnaire survey process of visual and imagined haptic tests 

The stimuli for the questionnaire are four porcelain cups of JIA Inc [11]. The cups 
colors were white and with the same form but differed in texture. These stimuli are 
described in table 1.  

Table 1. The description of the stimuli 

 

Image

Name JIA Inc. Persona tea cups 
Designer Office for Product Design
Background 
Story

A family of simple teacups which initially seem identical but soon show 
their own subtle personality. The basic silhouette of ‘Persona’ is a contempo-
rary reinterpretation of the traditional Chinese tea cup with lid. Closer in-
spection reveals a series of individual texture like patterns which are almost 
more haptic than visual. The true qualities of these cups are only fully appre-
ciated once held in the hand or up against the light, when the translucency of 
the delicate porcelain accentuates the patterns.

Texture

Material Porcelain Porcelain Porcelain Porcelain
Size Ø7.2x9.5cm 

(180ml) 
Ø7.2x9.5cm 
(180ml) 

Ø7.2x9.5cm 
(180ml) 

Ø7.2x9.5cm 
(180ml) 

Code of this
Research

Plaid Twill Point pattern Ruled
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4 Results and Discussion 

There were four major results of this questionnaire study. First: the smooth senses of 
textures (i.e., Twill and Ruled) are more popular than the rougher senses of textures 
(i.e., Point pattern and Plaid) of visual and imagined haptic. Second: (1) there were 
many emotional adjectives in the first phase (i.e., visual) (Fig. 2); (2) there were many 
appearance adjectives and emotional adjectives in the second phase (i.e., imagined 
haptic) (Fig. 3). Third: the haptic adjectives have positive and negative feelings (e.g., 
smooth with rough, good touch with bad touch). Fourth: positive adjectives of prod-
ucts decrease with a decline in the product's preference (Fig. 4 and Table 3). There 
were two types of product adjectives: emotional (e.g., unlovely, comfortable or pret-
ty), and appearance (e.g., smooth, streaked, lumpy or plaid) (Table 3). So the results 
show that people usually use emotional adjectives to describe products, and they do 
not use the negative adjective to describe the product which they prefer. 

Table 2. The code of each feeling 

 Visual Haptic Visual and Haptic Other 
Appearance 1 4 7 10 
Interactive 2 5 8  
Emotional 3 6 9  

 

 

Fig. 2. Phase 1: Proportional distribution of “Visual” test (total 888) 
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Fig. 3. Phase 2: Proportional distribution of “Imagined Haptic” test (total 839) 

 

Fig. 4. Numbers of different preference of adjectives and numbers of opposite adjectives (black 
line) 

Table 3. Sort rankings of stimuli and the three top adjectives (The list is to take single 
adjectives’ quantity more than ten) 

Rank 1. Twill    
Visual and  
Imagined Haptic 

Smooth 33 Comfortable 27 Slippery 26 

Visual Pretty 20 Smooth 13 Tilted 11 
 Comfortable 10   
Imagined Haptic Slippery 26 Smooth 20 Lovely 18 
 Comfortable 17 Easy to take 10  
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Table 3. (Continued) 

Rank 2. Ruled    
Visual and Im-
agined Haptic 

Common 33 Streaked 30 Slippery 24 

Visual Common 16 Neat 13 Streaked  13 
 Simple 11 Lovely 10  
Imagined Haptic Slippery 24 Smooth 21 Streaked  17 
 Common 17 Comfortable 14  

Rank 3. Point pattern    
Visual and Im-
agined Haptic 

Lumpy 35 Unlovely 30 Common 26 

Visual Pretty 19 Lumpy 15 Common 13 
 Unlovely 13 Ugly 12   
Imagined Haptic Lumpy  20 Granulous 17 Unlovely 17 
 Common 13 Comfortable 13   

Rank 4. Plaid    
Visual and Im-
agined Haptic 

Lumpy  33 Plaid 26 Granulous 19 

Visual Neat 16 Plaid 14 Common 13 
 Ugly 12 Upright and 

Foursquare 
11   

Imagined Haptic Lumpy  33 Granulous 19 Crude 13 
 Plaid 12     

5 Conclusion 

In this paper, the authors attempted to understand people’s different sense of product 
texture in a preliminary way and as a basis for the future implementation of follow-up 
study. It could help the future study that research about the Haptic of touch entity 
products, and provide recommendations for follow-up research. The results could 
help industries and designers understand the meanings and feelings of product texture 
so that they can consider such factors in future design, and also help in product design 
and marketing in the future.  

There are four findings suggested by this paper. First: a visually attractive product 
does not necessarily have a pleasant to the touch. Visual and imagined haptic sensa-
tion of product texture do not have an absolute relationship but these senses of prod-
ucts and people's past experience have an absolute relationship. People like that prod-
ucts have a smooth sense and the same directional line, and the directional line can be 
expected both of visual and imagined haptic. Second: people view the products 
through visual and describe the product bias in emotional thinking. In addition, 
peopled view the products through imagined haptic sensations and described the 
product bias based on their thinking about the product modeling and the sense of 
touch. Third: the popular products have less opposite adjectives (i.e., unlovely, ugly) 
that conform of people with normal mental state. People described the product with 
adjectives which having both positive and negative feelings description. For example, 
rough corresponding slippery and good touch corresponding bad touch. Fourth: most 
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of the visual and haptic adjectives have a commonality. There are two types of  
product adjectives, one type is emotional (e.g., unlovely, comfortable or pretty), and 
the other one is appearance (e.g., smooth, streaked, lumpy or plaid). Further research 
is needed to provide more theoretical underpinnings and cases. Hopefully, industries 
and multi-cultural style of products will continue to support the development and 
growth of aesthetic economics in the future. 
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Abstract. This research takes the theory of brand experience as the guidance, 
and is based on Bernd H. Schmitt’s theory of five-element-pattern brand 
experience. His theory is basis of brand experience evaluation, and is the 
starting point and the ending point of brand promotion for us. We have 
creatively designed the semantic analysis tool of experience evaluation of  the 
logo design of Wuxi fruit brand Yangshan Shuimi Peaches. And we evaluated 3 
logo designs of Yangshan Shuimi Peaches of PeachWell brand as an empirical 
operation of brand experience evaluation. Through the operation of experience 
evaluation and stratified sampling, we got the index of experience CSI, we 
learned the layered quantization distinction of the 3 logos A, B and C of the 
same brand PeachWell. This research can provide positive positioning of design 
for promotion the fruit brand in Wuxi, and can provide effective and scientific 
design parameters for brand building. 

Keywords: Brand experience, Brand evaluation, Logo design, Empirical 
research. 

1 The Design of Empirical Research Guided by Brand 
Experience Theory 

1.1 The Choosing of the Objects of Yangshan Shuimi Peaches Brand Logos 
for Empirical Research 

In order to raise the effects on the experience for Yangshan Shuimi Peaches brand 
logos, we creatively designed four new brand logos. After an evaluation of the user 
experience in natural experimental conditions, we picked up the best three ones as 
stimulus variables between the new and old logos: Logo A from the old, the better 
one Logo B from the new, and Logo C as the stimulus variables for our formal 
substantial research. By reading the CSI of the 3 logos, we did this research. 
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     Logo A                          Logo B                             Logo C 

Fig. 1. The final stimulus variables of the empirical research 

1.2 The Guidance of Brand Experience Theories and the Designing of  
Evaluating Methods for Yangshan Shuimi Peaches 

This research is exploratory basic research. In the designing phase of this empirical 
research, we have creatively finished the semantic analysis tool of the experience 
evaluation of the logo design of Wuxi fruit brand-Yangshan Shuimi Peaches. We use 
Bernd H. Schmitt’s theory (1999), the five experience patterns for experience: Sense 
experience, emotion experience, thinking experience, action experience and relative 
experience. We used the classical consumer experience five-element model of 
Schmitt, and we conducted empirical operation on the experience evaluation of the 
three Yangshan Shuimi Peaches brand logos (A, B and C). Through stratified 
sampling, we got the experience parameters (Customer Satisfaction Index, CSI), and 
established the brand logo semantic evaluation database about primary cognitive 
appraisal adjectives (perceptive, advertent, memorial and understandable, etc.) and 
advanced cognitive appraisal adjectives (favorable, expectant, interesting and 
valuable, etc.). By the natural experiment, we developed out of the 20 pairs of 
adjectives about Yangshan Shuimi Peaches brand logo experience evaluation tools. 
(see Table 1) 

Table 1. The five-element model of Yangshan Shuimi Peaches brand logo experience 
evaluation 

Sense 
experience 

juicy-juiceless, plump-edgy, honest-smart, soft -hard, cute-mature 

Emotion  
experience 

auspicious-inauspicious, joyful-woeful, elegant-tacky 

Thinking 
experience 

simple-complex, easy to understand-difficult to understand, impressive-
unimpressive, superstitious-scientific 

Action  
experience 

high grade-low grade, positive-negative 

Relative  
experience 

unique-stereotyped, vivid-dim, folk style-stylish, Wuxi featured-Wuxi 
featureless, charity-inclined-commerce-inclined, modern-traditional 
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2 A Qualitative Empirical Research on the Logo Design of 
Brand Experience for Yangshan Shuimi Peaches 

2.1 The Process of Empirical Research on Brand Experience of Yangshan 
Shuimi Peaches Logo Designs  

Questionnaire Design. (A) Brainstorming: We collected a large number of adjectives 
of Yangshan Shuimi Peaches brand Logo Based on user experience theories-oriented 
to form semantic variable database of questionnaire as the primitive accumulation for 
the design of the questionnaire. (B) Semantic variable library of questionnaire: We 
design topics based on the Osgood semantic differential inventory and Likert scale to 
lay the foundation for the semantic analysis tool of experience evaluation of the logo 
design of Wuxi fruit brand Yangshan Shuimi Peaches. (C) Questionnaire quasi-
experimental: We distributed 20 questionnaires about the semantic analysis tool of 
experience evaluation of the logo design of Wuxi fruit brand Yangshan Shuimi 
Peaches, which consists of the user experience adjective. After two screening and 
earning the test results of CSI discrimination, we finally retained 20 groups of 
adjectives items to complete the formal questionnaire design of the empirical 
research. 

Implementation of the Questionnaire. (A) Questionnaires and recycling: The formal 
questionnaire was distributed by 3 ways. 261 questionnaires were distributed, and all 
of them were returned, the rate of recovery is 100%. And there were 200 valid 
questionnaires, the effective rate is 77%. Among the valid samples, there were 93 
males and 107 females. (B) Data processing: We considered the quality of 
questionnaires. Then we used SPSS17.0 software to input the data of valid 
questionnaires to establish a database of the semantic analysis tool of experience 
evaluation of the logo design of Wuxi fruit brand Yangshan Shuimi Peaches, which 
lay foundation for the further empirical research analyses and results discussion. 

Demographic Characteristics of the Questionnaire. (A). The gender composition 
of sample: Female accounted for 53.5% and male accounted for 46.5% of the 200 
valid questionnaires. The male-female ratio is approaching to 1:1. So, the results of 
the comparative are representative and convincing. (B) The age composition of 
sample: The sample is divided into six age groups. There are 27 people under 18 ages, 
and 56 people are between18 and 22 years old, 67 people are from 23 to 35, 19 are 
between 36 and 45, 20 are ranged from 46 to 60, what’s more, 11 people are over 60. 
(C). The education background composition of sample: The sample is divided into six 
education degrees. 102 people have the undergraduate education or above, these two 
levels are distributed in 1:1.  

The Statistical Analysis of the Empirical Research. This empirical research is a 
report of phased results. We analyzed these data in software SPSS 17.0 and Office 
Excel 2007. And we will discuss the results from three aspects. 
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3 Quantitative Empirical Researches of Yangshan Shuimi 
Peaches Logo Designs Based on Brand Experience 

This research takes the theory of brand experience as the guidance, and is based on 
Bernd H. Schmitt’s theory of five-element-patterns brand experience. His theory is a 
basis of brand experience evaluation, and is the starting point and ending point of 
brand promotion for us. 

3.1  The CSI Analyses of the Population Means of Three Yangshan Shuimi 
Peaches Brand Logos  

The evaluation objects of the psychological evaluation tool of Yangshan Shuimi 
Peaches logo design are as follow: Logo A, is an existing logo of Yangshan Shuimi 
Peaches brand named PeachWell; Logo B and Logo C are redesigned logos with 
Wuxi local features. Logo B is inspired by the shape of purple-sand teapot with health 
function, and Logo C is designed according to the pleasant Wuxi Opera mask. By 
comparing and analyzing the consumers attitude index CSI of the 3 logos, we get the 
following 3 results: Firstly, the advantage and disadvantage of the 3 logos in the field 
of brand experience evaluation CSI; Secondly, the difference of the contribution 
degrees of the 3 logos to promoting the brand image; Thirdly, the CSI of the 
redesigned logos combined with local culture elements whether reaching the expected 
results or not. These analyses mainly include longitudinal analyses and horizontal 
analyses results. 

 

Fig. 2. The analyses chart of CSI population means of the 3 brand logos 

1. The results of CSI longitudinal analyses among Yangshan Shuimi Peaches brand 
Logo A, B and C.  As Fig. 2 (the analyses chart of CSI population mean of the 3 
brand logos) shows: the general attitude index for CSI of Yangshan Shuimi Peaches 
logos are: Logo A-13764, Logo B-15091, Logo C-15620. The higher score means 
the more satisfaction consumers have. It can be known that Logo B and Logo C are 
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more popular than Logo A. What’s more, Logo C has the highest popularity. In the 
attitude index of Logo C, the 7th item (cute-mature) scores the highest 4.47, this 
shows Logo C gives participants the most direct sensory experience. Besides, in the 
14th item (modern -traditional) scores lower for 3.38, this indicates that Logo C have 
the stronger traditional brand feature but not modern. In conclusion, Logo C can 
highlight peach characteristics and has traditional features. 

2. The results of CSI horizontal analyses among Yangshan Shuimi Peaches brand 
Logo A, B and C (The Comparison of attitude index between the original Logo and 
redesigned logos).  
A. The comparison of attitude index between Logo A and B. Comparing the attitude 
index between Logo A and B, the 17th item (auspicious-inauspicious, 3.9 and 3.97) 
has the minimum difference degree 0.07, which shows that both the 2 logos can form 
emotional chord of auspiciousness feeling and the emotion experience effects well. 
The reason is that Logo A mainly expresses the auspiciousness information with the 
color China Red of China Seal, and Logo B mainly shows the meaning with the 
round shape of purple-sand teapot. Conversely, the 3rd item (plump-edgy, 3.06 and 
3.88) has the maximum difference degree up to 0.82, the seal element of Logo A is 
lack of round feeling of peaches. Moreover, the difference degree of attitude index in 
the 12th item (Wuxi featured-Wuxi featureless, 3.32 and 4) is 0.68, which means 
compared with Logo A, the purple-sand teapot image of Logo B has stronger Wuxi 
characteristics, and the Yangshan Shuimi Peaches brand characteristics has been 
expressed relatively proper by Logo B.  
B. The comparison of attitude index between Logo A and C. Comparing the 
attitude index between Logo A and Logo C, the 8th item (easy to understand-
difficult to understand, 4.02 and 4.00) has the minimum difference degree 0.02, 
which shows that the two logos can be easy to cognitive, popular and easy to 
understand. As a result, they reached thinking experience very well. Conversely, 
the 3rd item (plump-edgy, 3.06 and 4.41) has the maximum difference degree up to 
2.06. Logo A is too tough to make participants associate the logo with their own 
experience of tasting peach. Obviously, it is not ideal to leave good first impression 
on participants. Besides, the difference degree of attitude index in the 12th item 
(Wuxi featured-Wuxi featureless, 3.32 and 4) is 0.77, compared with Logo A, 
Logo C reflects the Wuxi characteristics better by its image of Wuxi Opera mask, 
and can more accurately express brand characteristics of the brand, and shows the 
related experience very well. 

3. The comparison of attitude index between redesigned Logo B and C.     
Comparing the attitude index between Logo B and C, the 12th item (Wuxi featured-
Wuxi featureless, 4.00 and 4.09), the 15th item (folk style-stylish,3.85 and 3.96) 
and the 19th item (charity-inclined-commerce-inclined,3.51 and 3.60) have the 
minimum difference degrees, which means the 2 logos combined with Yangshan 
Shuimi peaches successfully. The 7th item (cute-mature, 3.75 and 4.47) has the 
maximum difference degree 0.72, this shows that compared with Logo B, Logo C 
does better in expressing the loveliness feature. So it is important for Logo B to 
strengthen the color and shape factors to show the features of peaches. 
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4. The summary.  According to the results above, Logo A is easier to recognize and 
to understand, the color and the shape is too simple. So the most important thing is 
to promote the form so that can stimulate participants’ curiosity and desire to 
purchase. As the redesigned Logo B and C, they use the Wuxi geographical culture 
featured element better, and basically reach the expected effects of design. Logo B 
needs to improve in reflecting peaches loveliness feature to make it more affinity. 
In addition, being more rational on modeling fluency and specification of using 
color is a good way to enhance the sense of brand products, the sense of quality 
and credibility. In conclusion, we can come up with such inspiration that it is 
important for the brand promotion to build the brand round experience. To meet 
the needs of demanding consumers, it is necessary to establish brand image for 
farm products with local characteristics, not only to resolve visual stimuli for 
consumer brands, but also to permeate the brand cultural experience in consumer 
brand satisfaction. Accordingly, these efforts create long-term brand satisfaction 
and brand loyalty is improved naturally. 

3.2 The Results of the Relative Analyses between 3 Yangshan Shuimi Peaches 
Logos and Population Region Distribution 

The participants are consist of 8 regions: coastal cities, coastal small and medium 
sized cities, coastal rural areas, central China metropolitans, small and medium sized 
cities of midwest, midwest rural areas, northeast cities and northeast rural areas. We 
analyze the CSI of two sorts of participants come from urban and non-urban. (see Fig. 
3). Our evaluating tool includes 20 pairs of adjectives (items), and they constitute the 
semantic analysis tool of experience evaluation of the logo design of Wuxi fruit brand 
Yangshan Shuimi Peaches. By comparing the association analyses of the CSI between 
3 Yangshan Shuimi Peaches logos and population region distribution, we make the 
further discussion of 4 aspects about their common points, different points, maximum 
and minimum. 

1. The relative analysis of CSI of Logo. A between two regions. According to the CSI 
of Logo A evaluation variables, we can see that the 12th item (Wuxi featured-Wuxi 
Featureless, normal, difference: 0.01) get the minimum difference degree from 
urban and non-urban areas. The highly stimulated information can left a deep 
impression on the customers, and that’s the reason why Logo A with its simple but 
striking color and words is impressive. The minimum mean is in the 7th item (cute-
mature: 2.41) which indicates Logo A is lack of loveliness image. 

2. The relative analysis of CSI of Logo B between two regions. According to the CSI 
of Logo B evaluation variables, the minimum difference degree is in the 9th item 
(impressive-weak, 0.3). This shows that the urban and non-urban participants reach 
a consensus on thinking experience . Non-urban participants think this logo is 
simple on sense experience which can tell from the maximum difference degree in 
the 1st item (simple-complex) In conclusion, Logo B is a simple and an elegant 
logo which can reflect Wuxi culture and especially attract the group who enjoy 
high-quality lives. 
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Fig. 3. The relative analyses of the CSI between 3 Yangshan Shuimi Peaches logos and 
population region distribution 

3. The relative analysis of CSI of Logo C between two regions. According to the CSI 
evaluation variables of Logo C, the 17th item (auspicious-inauspicious, urban: 4.22, 
non-urban: 4.21) has the minimum difference degree with high means, which 
indicates that both of the participants of two areas can have the sense of 
auspiciousness from Logo C. Conversely, the maximum difference degree is in the 
8th item is 0.42, which the non-urban group think it is easier to understand and this 
is because Wuxi Opera with strong folk style developed from rural, so that it can 
call the resonance with the non-urban people. Therefore, Logo C has a strong sense 
of auspiciousness and is full of Wuxi feature. In result, Logo C shows the relative 
experience very well and is a good choice to be used as the logo of Yangshan 
Shuimi Peaches brand and products for its regional culture features.  

4. The relative analyses of CSI of 3 Yangshan Shuimi Peaches logos between two 
regions. According to the relative analyses of CSI between three logos and two 
regions, we can find that from every aspect of the evaluations, esp. on the sense 
experience, Logo A is too weak to match the shape or color of Yangshan Shuimi 
Peaches. And it is insufficient to promote the regional brand because its shortage 
of cultural connotation. So it is very necessary to strengthen the regional culture 
design elements related to sense experience and emotion experience to enhance the 
brand image. Besides, Logo B does well in the “simple item” (urban: 4.18, non-
urban: 3.46) and the “elegant item” (urban: 3.83, non-urban: 4.00), but the class is 
not very clear in the “high grade” (urban: 3.64, non-urban: 3.46). It still needs to 
improve in order to differ it into different classes-high grade, mid grade and low 
grade. Logo C does the best among the three logos on the evaluation of sense 
experience and emotion experience. 

3.3 The Relative Analyses between Three Yangshan Shuimi Peaches Logos 
and People’s Education Differences 

The results of the association analyses between three Yangshan Shuimi Peaches logos 
and people’s education qualification differences are based on the CSI acquisition which 
discriminate the highly educated from the low educated. The higher academic qualified 
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people (including the Bachelor degree, the Master degree or above, a total of 102 
people) and the lower academic qualified (including the middle school or the below, the 
middle school of the same, college for professional training, a total of 98 people), the 
ratio between them is about 1:1. This is good for us to conclude the results. The relative 
analyses for CSI of the Logo A, B and C are shown in Fig. 4. The purpose of this study 
is to learn the brand experience differences among the 3 logos, and to establish the value 
orientation of the evaluation of brand experience and communication associated with 
academic qualification, so that we can bring up the strategies and suggestions of 
promoting the brand image from the education level associated logo design, by reaching 
the CSI of the people with different education backgrounds. 

1. Associated CSI analysis of Logo A between higher and lower academic 
qualifications. In Fig. 4: As to the Logo A, the two groups CSI association analyses 
are shown by the “low educated of Logo A” and “highly educated of Logo A” lines 
(the red and the pink line). In items 2, 3, 4, 5 and 10, the difference degree of 
attitude index is above 0.5. From the differences of these five items CSI, we can 
find out the differences between brand recognitions are too large and this is not 
good for the unified brand effects. These results suggest that the people with 
different education backgrounds have different user experience for brand logo 
design, we should make the distinction among the varied brands, to increase the 
image of the same production brand. The differences of the indexes of the four 
items 6, 8, 12 and 19 are below 0.1, that indicates Logo A CSI differences are low, 
brand recognition is high. It also means that this logo can provide the users more 
unified image, and good for conveying the brand concepts. According to the five-
element correspondence of the Schmitt’s consumers experience and twenty-
adjectives model, from the brand experience of Logo A in different education 
background population, the sense experience has great difference, it is bad for the 
communication of the overall brand image but it is good for the relative 
experience. However, for the agricultural products, a more intuitive feeling is in 
need. At the same time, in the brand experience appeal of Yangshan Shuimi 
Peaches, the sense experience requirements are relatively high, so we need to do 
better on it. Although Logo A has a good recognition in the relative experience, it 
is not the first appeal for the agricultural products. Therefore, Logo A can be 
evaluated as “strong relative and weak sense experience” logo. 

2. Associated CSI analysis of Logo B between higher and lower academic 
qualifications. In Fig. 4, the two groups of people’s CSI association analysis of 
Logo B is shown by “low educated of the Logo B” and “highly educated of the 
Logo B” two lines (the dark green line and the light green line). Evaluation 
variable item 9 (impressive-weak) the low educators’ CSI is 4.17and the highly 
educated is 3.68. The brand recognition difference is too large, and it is not good 
for the unified brand effect. In the evaluations variable item 4, 5, 11, 14, 15 and 16, 
the difference in attitude index is below 0.1. From these 6 items, user experience of 
the Logo B is in accord. It have a good effect for conveying the concepts of brand.  
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Fig. 4. The relative analyses of the CSI between 3 Yangshan Shuimi Peaches Logos and 
education background differences 

From the brand experience of Logo B, users’ thinking experience has differences, 
but in the six brand logo design elements index, the sense experience, 
action experience and relative experience are consistent to the CSI index. 
Therefore, Logo B can be evaluated as a logo “strong related and weak thinking 
experience”. 

3. Associated CSI analysis of Logo C between higher and lower academic 
qualifications. In Fig. 4, as to the Logo C, the 2 groups’ CSI association analyses 
are shown by “low educated of Logo C” and “highly educated of Logo C” two 
lines (the C blue line and the C light blue line). In all the above items, there are no 
indexes above 0.5. From the evaluation variable item 2.3.7.9.10.12.16.20, the 
difference in this attitude index is below 0.1. From these seven items, the CSI user 
experience of Logo C won’t be affected by the education qualification. This can 
give the user a unified brand image, and have a good effect on conveying the 
concepts of brand. From the brand experience of Logo C, sense experience is very 
impressive. Its CSI index is unified. The brand image experience is strong, and it is 
also accepted by the customers from different education backgrounds. At the same 
time, because sense experience of the farm product is very important, Logo C is the 
best among the 3 logos. The relative experience is also very impressive. This 
means it is easy to form a fixed consumer groups, and can help improve the 
consumers’ brand loyalty, promote the brand cultural identity. In the thinking 
experience, it has a good effect on the brand experience communication. Its action 
experience is also very outstanding, so the Logo C can be regarded as “strong 
sense and related experience” logo. 

4 The Conclusion of Empirical Research 

This research takes the theory of brand experience as the guidance, and is based on 
Bernd H. Schmitt’s theory of five-element-pattern brand experience. Schmitt’s theory 
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divied consumers’ experience to sense experience, emotion experience, the thinking 
experience, action experience and relative experience, according to the processes of 
consumers’ psychological cognition. His theory is basis of brand experience 
evaluation, and is the starting point and the ending point of brand promotion for us.  

We have creatively designed the semantic analysis tool of experience evaluation of 
the logo design of Wuxi fruit brand Yangshan Shuimi Peaches. And we evaluated 3 
logo designs of Yangshan Shuimi Peaches of PeachWell brand as an empirical 
operation of brand experience evaluation. Through stratified sampling, we got the 
index of experience CSI, and established the database of semantic evaluation of 
Yangshan Shuimi Peaches brand logos, with the adjectives refer to recognition 
evaluation on elementary level (perspective, watchful, of memory, and of 
understanding) and advanced level (of preference, expecting, interesting and 
valuable). By the method of natural experiment, we designed the tool to evaluate the 
experience of Yangshan Shuimi Peaches brand logo with 20 pairs of adjectives. 
Through the operation of experience evaluation, we learned the layered quantization 
distinction of the 3 logos A, B and C of the same brand PeachWell. This research can 
provide positive positioning of design for promotion the fruit brand in Wuxi, and can 
provide effective and scientific design parameters for brand building. 
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Abstract. Current office design is sedentary because it encourages users to 
work in one good posture as long as possible. Such sedentary office is lethal 
and inefficient. It needs redesign. To solve this problem, tendonitis experts 
came up with the new ergonomics theory. It encourages office workers to 
switch working postures periodically. This working status is defined as dynamic 
in the paper. 

More and more well-known furniture manufacturers sensed this dynamic 
trend and applied the new ergonomic theory to their product. However, few of 
their products achieved big success. In order to better apply the new ergonomics 
theory in office design, a synthesis of context interviews, survey, and observa-
tion shadowing was carried out. A triangulation method was used to analyze the 
research results to get reliable apparent truth.  

From the research, it was concluded that a successful new ergonomics office 
needed nicely designed multi-posture physical environment, proper posture-
change stimulation system, and pleasant posture –change experience. This 
needs industrial design, interaction design, and user experience design to colla-
borate seamlessly, which actually is a typical service design process. So, only 
through service design, can a great new ergonomics office be created to encour-
age users leading a new life style.  

This paper offered a brand new direction for office design. 

1 Why Current Office Is Sedentary and Needs Redesign 

Current Office environment originated from Industrial Revolution. “The booming of 
mass production technology and international trade created a huge need for informa-
tion processing. Desks and chairs, which used to be luxury decorations, are changed 
into a daily necessity. “In a short period of time we've been sentenced to the chair.” 
(Katzmarzyk, 2010) With rapidly increasing data processing needs, modern office 
workers seldom have a chance to move, even compared to 20 years ago. Modern of-
fice became very sedentary. 

 Since the 1960’s, the public has come to realize the negative health conditions 
caused by sedentary office work. It is reported by New York Time on 2010 that such 
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sedentary office life is lethal and exercise is not a perfect antidote for sedentary office 
life. (Vlahos, 2011) And now, an increasing number of company, such as Google, 
want to invest on healthier office environment. As a result, most of the famous furni-
ture companies like Herman Miller and Knoll has started develop new products to 
encourage users move more. The need for redesigning office is emerging. 

2 Redesign Should Be Guided by New Ergonomics Theory 

For quite a long time, people tried to rely on classic ergonomics to update their seden-
tary office. The definition of classic ergonomics in The American Heritage Dictio-
nary is: “Design factors, as for the workplace, intended to maximize productivity by 
minimizing operator fatigue and discomfort.” Which actually is 'How to work (or 
play) long hours, performing repetitive motions, while using proper body mechanics 
to minimize the development of tendonitis and other repetitive motion Injury'. Classic 
ergonomics tried to help users using proper body mechanics by suggesting best work-
ing postures. 

 

Fig. 1. Sit pressure analysis 

First, sit was recommended as the best working posture. Ergonomic chairs were 
developed by the chair industry to address widespread complaints of back pain from 
workers. Lumbar support is deeply embedded in people’s mind as a prime solution 
(Charis, 2010). However, as time goes by, back pain is still the most costly work re-
lated disability, although almost all offices in America are equipped with ergonomic 
chairs. (UHA, 2011) More recently people became aware of the fact that sitting can 
cause many issue. It forced the S shape spine into a C shape and put more pressure on 
the pelvis and spine. (Clark, 2002). (Fig. 1. Sit pressure analysis) 

 

Fig. 2. Different Standing Stations 
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Then some experts suggested stand as an alternative for sit as work posture. Cor-
respondingly a bevy of expensive standing stations showed up. (Fig. 2. Different 
Standing Stations). However, swelling legs and feet, which may result in the devel-
opment of varicose veins, were among the problems caused by long time standing in 
addition to neck and shoulder stiffness.   

 

Fig. 3. Perch Posture 

Recently, NASA experts recommended a neutral body posture, which is called 
perching. (Fig. 3. Perch Posture) Perching is a status half way between sitting and 
standing. It balances our musculature between front and back. (Cranz, 2010). Howev-
er long time working in this posture still can result in chronic disease such as varicose 
veins.  

It is said by the New York Time, the reason why sedentary office was lethal was 
not because sit was a bad posture. It was because the users remained one posture for 
too long a time. (Charis, 2010) “The body shapes itself to the forces placed upon it.” 
(Tucker, 2010). What classic ergonomics dedicated to only can slow that distortion 
procedure. 

Up till recently, researchers realized that a new method for designing office envi-
ronments was needed. A new theory “new ergonomics” was come up. Tendonitis 
experts defined new ergonomics as: A way of safely performing ongoing, repetitive 
motion activities. Understanding how the body interacts with strain and making ongo-
ing adaptations to avoid the creation of a pain causing dynamic. In other words, the 
new ergonomics focused on ensuring people do repetitive motion in a new way, a new 
position, every day (Tucker, 2010). The key feature of new ergonomics is encourag-
ing users to change working postures periodically. The state of periodically changing 
working posture is defined as dynamic working habit in the paper. Working dynami-
cally can help users avoid harms caused by doing repetitive motion. 

Redesign office according to new ergonomics theory is good for increasing work 
efficiency as well. The time adults can focus on a specific task with 100% focus is 
only 20 minutes. In order to get refocused, rest is needed. (Wikipedia, 2012) During 
prolonged work periods, workers tend to spontaneously fidget in order to entertain 
themselves, such as rotating a pen or shaking legs. Dr. Roland Rotz explained this in 
his co-authored book that fidgeting is a rhythmic sensory stimulation in our body’s 
natural way of activating our under stimulated brain to facilitate focus which allows 
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us comfort and rest (Roland Rotz, 2005). However, the sedentary office environment 
usually discourages office workers from taking any rest. As a result, many office 
workers have to pretend to be working hard while they cannot focus and feel ex-
hausted. The new ergonomics theory can turn the office into a more dynamic envi-
ronment and improve users’ work efficiency. 

For all the reasons above, it’s necessary to update our old sedentary office into dy-
namic new ergonomics office. 

3 New Ergonomics Offices Needs Both Mental and Physical 
Support 

The new ergonomics theory has already been successfully applied to classroom furni-
ture design AlphaBetter Desk or “stand up desk” (Fig. 4. AlphaBetter Desk). The desk, 
which was originated by Abby Brown, is an outstanding alternative for children, teens 
and adults. AplhaBetter Desk is higher than normal desk and it is paired with a high 
stool. Such a design enable the users easily switch between good study postures, sit, 
stand and perch. Another feature of the desk is it has a swinging footrest.  The users can 
fidget with the swing to consume their surplus energy. This design used to be tested in 
Minnesota and Wisconsin primary schools and became a fad. The kids felt energetic all 
day and want to have one at home.  The teachers commented, “I’ve never seen students 
with their heads down, ever.” “I can stand at their level to help them.” (SAULNY, 
2009)This new ergonomics furniture empowered the users both mentally and physically. 
It naturally encouraged the users to change working postures and develop a new dynam-
ic study style. It fit perfectly into the classroom environment.  

However, office environment is quite different from classroom. Although, many 
famous furniture manufactures, such as Herman miller and Knoll, try to develop more 
dynamic product, none of them come up with similar breakthrough solutions for  
office. 

 

 

Fig. 4. AlphaBetter Desk 

 



 Service Design Research about Redesign Sedentary Office Guided 179 

 

From all the analysis above, it can be inferred that a successful dynamic office 
should meet the following rules:  

• Should properly stimulate posture change. 
• User experience of posture switch should be simple and pleasant. 

In order to confirm the hypothesis, a research was carried out. This research focused 
on administrative assistants. It was because there were a lot of administrative assis-
tants and they lead typical sedentary office life. “According to the Bureau of Labor 
Statistics, in 2006, secretaries and administrative assistants held about 4.2 million 
jobs, ranking among the largest occupations in the U.S. economy. About half of them 
suffer from musculoskeletal disorders. (health, 2010) Americans spend more than 
$126 billion a year to receive Medicare for back pain (UHA, 2011).  

 

Fig. 5. Research Structure 

The research was a synthesis of context interviews, a survey, and an observation 
shadowing. (Fig. 5. Research Structure.) Interview used similar structure of the survey 
of the questionnaire. The questionnaire had 17 questions in total. There were pre-
screen questions, life style questions and questions about users experience. Full ver-
sion of the questionnaire can be found at http://www.surveypie.com/ 
survey101132. In total, 10 American and 2 Chinese subjects participated in the inter-
view research. Forty-four Chinese and four Americans participated in the survey. 
Three American offices and one Chinese office were observed.  

The research results were analyzed by using triangulation technique. Triangulation 
is the process of combining several different research methods to illuminate one area 
of study- in other words- using several research tools to examine the same thing.  
(Jennifer Visocky O'Grady, 2009) And the research results confirmed the hypothe-
sized design guidelines. 
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3.1 Should Properly Stimulate Posture Switch 

Several research data showed that few of the subjects realized that they needed to stay 
dynamic. More than 50% of respondents had never seen others avoid sitting for a long 
time or breaking up during the pro-longed sitting.  Less than 50% of respondents 
personally tried to avoid sitting for a long time or breaking up the time spent sitting. 
Only 30% of the respondents thought activities designed to prevent pro-longed sitting 
was a good idea. During the observation research, 0% office worker was observed 
intentionally stretching or attempting to be active. This confirms that reminders sti-
mulating users to switch posture is necessary in redesigning a dynamic office.  

Respondents’ answers for these questions were interpreted and analyzed.  The re-
search result showed that many subjects thought exercising and living a more dynam-
ic office lifestyle was unnecessary and forbidden in current office culture. One of the 
subjects said, “The office is always so quiet that you dare not to say a word loudly. 
Let alone do other stuff. Sometimes I really feel depressed.” Current offices discou-
rage employers from being dynamic. Stay quite and sedentary in office is deeply em-
bedded in office workers’ mind.  

As a conclusion, reminders, which can properly stimulate posture change is crucial 
for introducing new dynamic office design. Such a reminder system can both educate 
customers and help them develop new working habit. A proper reminder should be 
able to fit into the silent and serious office environment. Also it must be pleasant for 
users to follow. 

3.2 User Experience of Posture Switch Should Be Simple and Pleasant 

By asking subjects about their aesthetic preference for healthier office furniture de-
sign and office exercise, it can be tell that subjects prefer to choose the options which 
are low-key, simplicity but versatile. (Fig. 6. Customers’ aesthetic preference for of-
fice hi-tech, Fig. 7. Appropriate office exercises) So in order to encourage administra-
tive assistants to adopt new dynamic working style, the user experience of posture 
switch should be simple and pleasant. 

 

Fig. 6. Customers’ aesthetic preference for office hi-tech 
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And many of the subjects decorate their office with their family members’ or 
friends’ photos.  This indicates that users’ memory with their friends and relatives are 
pleasant experience for the users in the office. So customized reminders by users’ 
relatives and friends may work better than normal reminder.   

Third, the reminders must be sent during the natural pauses, through proper way. 
So, physical furniture needs to be able to monitor the users’ working status. At the 
same time, it must offer at least two of the four scientific postures. 

All in all, a new ergonomics office must have physical environment, which enable 
the users to easily switch between different working postures.  This needs industrial 
design support. Also it should have a nice service system to offer appropriate remind-
ers. Such as a system enable the users or their friends to customize pleasant remind-
ers. This needs interaction design. Last but not the least, the product system and the 
service system need to collaborate to sent out the reminders properly.  Only through 
such a service design process, can a great new ergonomics office be created to per-
suade the users to develop a new working life style.  
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Abstract. User experience has become more emphasized in the consumer 
electronics industry. In many companies, user-centered design process is being 
implemented to facilitate the development of user-friendly products. 
Unfortunately, not all practices ended up with success. In this paper, we pointed 
out the status quo of dilemma, shared the experience of our process rollout 
practice, and concluded the steps and strategies we adopted to align the user-
centered design policy with traditional product development process. Our goals 
are to acquire more impacts on the product development in an early phase and 
to become indispensable to the company. At this current stage, we are delighted 
with the outcome which gone beyond our expectation and have confidence in 
the future success. 

Keywords: user experience, UX process, UX management, UX policy. 

1 Introduction 

Taiwan is a home for most world-class computer, mobile device and consumer 
electronics industries, which produce and manufacture large proportion of 3C 
products on the market. Although previous years most of production lines has shifted 
to China for more competitive labor cost, but head quarters in Taiwan still holds the 
heart of design and research development. Regardless of the brand companies or 
original equipment/design manufacturing (OEM/ODM), User-Centered Design 
(UCD) Process is often discussed as a determination that could guarantee product 
teams to deliver exceptional user-friendly products when it is successfully executed. 
In spite of UCD related concepts and topics have been discussed for almost a decade, 
many User Experience (UX) teams have still struggled to integrate UX culture into 
corporate because it lacks of process alignment between UX and other teams. 
Furthermore, there is no clear measurement for UX practice to turn their credibility 
from deliverables to financial proof in which business stakeholders will trust.  

Primax Electronics Ltd. UX team has faced the same issues when running UCD 
framework inside the company. Last year, we reevaluated the situation and took a 
different approach to introduce a new UX policy that increases strategic influence for 
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the UX team. The purpose of this paper is to share the experience in how we deploy 
the new policy by explaining background, methods, actions, and the outcome.  

2 Background 

Undoubtedly, with many years of promotion from Human Computer Interaction 
communities, UX or usability organizations were broadly established in computer and 
consumer electronics industry in recent years. Unfortunately, most of stakeholders in 
the industry only superficially acknowledge that a well-designed and user-friendly 
product could increase sale and profits and design team should be responsible for all 
UCD matters.  

Besides, UX practice continues facing the challenge that stakeholders still have 
doubts about that UCD could really benefit them in terms of immediate financial 
returns. They often hesitate to make investment in early user studies or large group of 
usability tests because of no metric showing clear relationship between UCD practice 
and returned benefit from it. The other challenge is that a company lacks for a policy 
or regulation to well integrate UX practice and product development process, thus it is 
not conventional for UX team to participate in key activities such as customer/sales 
product requirement discussion, product design, engineering design, quality assurance 
and even regular project meetings. Unlike quality assurance or engineer teams, UX 
team is not considered a standard task force when running a project. It is often treated 
as an external labor-intensive resource which only provides design material against 
product requirements from customers or product managers. Not to mention, UX team 
usually has no opportunity to drive product specification to meet user requirements at 
early product conceptual stage. Without solving these two challenges, UX team 
would be considered to be non-vital importance not only for deciding company 
product strategy but also for efficiently delivering promising products to users hands 
in spite of the eligibility of UX team. 

Primax Electronics Ltd. as one of the leading OEM/ODM companies for computer 
peripheral is the minority that has a solid UX team and a well-equipped usability lab 
in this industry. As an early usability practice adopter with practice on various 
product types, we have done many usability tests and accumulated lots of knowledge, 
methods and tools since the establishment. However, without full UCD process, most 
of usability tests were conducted at the late stage of product development. Reports 
have been often too late for design changes and only stored in database for future 
reference when similar usability issues were found in other project. Like most of UX 
groups, to gain influence on other domains and business insight in company, we 
urged ourselves to implant UCD process by adopting formalized human centered 
process standard (ISO 13407) (Fig. 1) [1] and hopefully we could reach UX maturity 
model higher level [2] and have ability to involve users in earlier product 
development phase. Regrettably, over the past few years, we have tried to deploy 
more complete UCD workflow but failed many times because of a few reasons. First, 
standard UCD process doesn’t really align with our manufacturing process and can’t 
keep tapping along with development life cycle. Under heavy pressure on delivery 
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schedule, product development stakeholders often complain UCD is the bottleneck 
for project control. As a result, they will simply skip this type of activities to avoid 
trouble. Another reason is that there is no good method exists to measure what value 
that UX services can bring to corporate particularly for fiscal return. Contrary to UX, 
a successful sale contains many possibilities such as timing to market, channels, 
promotions, pricing, and more. In addition, without any regulation or process, the 
usability service has been only like ad-hoc task force supporting business and R&D 
units as a debugging and concept verification tool let alone involving user in early 
product design phase. The value of UX service cannot be sustained. After many years 
of trying, what we learned was we could never expect to change engineers and project 
managers’ mindset or to break up their existing workflow and regulation overnight. 
Therefore, we realized that an adaptive alignment of UX process and product 
development and a corporate wide UX policy rollout are more reasonable to deploy 
UCD process smoothly.  

 

Fig. 1. Primax UCD process based on ISO 13407 framework 

3 The Goal and Actions 

From past experience, we knew that by requesting business stakeholders and product 
development team to follow standard UCD framework designed by us is easier said 
than done so our main goal was to adaptively set up a corporate level UX regulation 
that can strongly bind UCD lifecycle to product development process together  
and this integration must be seamless to reduce the impact on organization and 
shorten the emerging process. There were three steps we took to complete the new 
policy roll-out.  
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3.1 Analyze the Situation for Rollout Plan 

To come up with a suitable UX policy strategy plan, from political and business 
management perspective, we started to analyze UX team’s position and influence to 
corporate with SWOT analysis (Fig. 2). We recognized that we had strong usability 
service credits from some key business units, which could be our pilot run candidates 
to get valuable feedback from when rolling out the new process. In addition, the team 
held mature usability service framework toolkit that could be quickly used as new 
regulation templates with minor transformation. For the weakness of the team, 
without routine activity with business entities, we often had no initiative of UCD 
service for products. In order to have access to project information from product 
teams and plan UCD service for them, we needed to wait for their service requests. 
After being more aware of our position to corporate, we set out two objectives in the 
plan to deploy new UX policy smoother. First was to identify existing corporate 
regulation with formalized process that we can implant UX framework into. Second 
was to re-structure UX organization to a new form which can be more appropriate to 
serve stakeholders spontaneously. 

 

Fig. 2. SWOT analysis of Primax UX team 
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3.2 Process Alignment 

To align with product development process seamlessly without hostility, we didn’t 
create a brand new framework to force stakeholders to adopt.  Instead, we decided to 
modify an existing one. We spoke with Corporate Policy and Engineering Design 
Center (PEDC), who is in charge of defining, controlling and maintaining corporate 
level SOP and Quality Assurance Regulation. We evaluated current generic project 
control system called Manufacturing Process Management System (MPMS) (Fig. 3), 
which is commonly used for product development project control and material 
supplies management through all business units. Because it is corporate wide standard 
operation procedure with strong gating control and it’s a regulation driven process, 
we realized it is our ideal target and took following steps to modify workflow in 
MPMS to merge UX process in. 

 

Fig. 3. Primax MPMS flow 

1. Identify gating point, timing and gating documents format. 

In MPMS, gating documents which are major materials need to be reviewed and each 
phase is signed off by technical leader, product leader and development quality 
assurance controller to release the project to the next phase. We asked PEDC to add 
user interface design specifications, UX service plans and usability reports onto the 
list of gating documents and add UX leader to assess the project detail before project 
registered and decide whether UX service is needed. When UX services are needed, 
UX team will perform tasks on MPMS process along with development process and 
deliver plans, reports or other UX related documents in every phase for development 
quality assurance controller to review at the gating point.  

2. Reform current UCD framework and creating necessary documents, which are 
suitable and can be managed on MPMS. 
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We also slightly changed our original UCD framework to cope with every MPMS phase 
(Fig. 4) and assign standard tasks and deliverables for each phase. Because the 
deliverables will become gating documents, we reformatted them to meet MPMS 
standard.  
 

 

Fig. 4. MPMS flow facilitated with UX Process 

3. Create criteria for product whether entering UX process. 

To increase new policy acceptance and avoid our resource shortage, we couldn’t 
review all projects on MPMS.   

We needed to create criteria for UX review (Fig. 5) and it would help project team 
to understand why some projects need UX services and some do not. The criteria 
were made based on product types and other index such as maturity of market, new 
concept of design, customer requirement, and new interface application. There are 
four product types defined in Primax: 

• Type A product: Brand new design of ID, EE, ME, software and etc. 
• Type B product: Major components changes 
• Type C product: partially changes of EE, ME design with existing housing 
• Type D product: changes of color, prints, accessories, and documents.  

At the beginning of policy deployment, we decided to exclude type D product.  
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Fig. 5. UX service criteria on MPMS 

4. Re-implement MPMS and prepare UX management templates. 

After redesigning MPMS, PEDC system engineer started to reprogram entire system 
for the new process flow when we announced the UX regulation effective date for 
every business entities. Since most of project managers did not know what to provide 
to us for evaluation of whether UX service is needed, we designed templates that 
project managers can fill up product information for us to quickly collect their 
product insight without back-and-forth questions. 

5. Set up both regularly and occasionally communication platforms and educational 
training sessions. 

Before new MPMS began being deployed to different business entities, we held 
several communication meetings for related parties to explain what the new UX 
regulation and management are and how their current project control styles are not 
going to be changed dramatically by the new MPMS process. Moreover, we arranged 
numbers of training sessions to guide them through the new UX standard operation 
procedure (Fig. 6) on MPMS and clarify project members and UX members’ jobs and 
responsibilities on new system. 

Besides, due to the fact that UX activity is becoming mandatory, we took the 
advantage to convince project coordinators to let UX team member to sit in their 
regular project meetings thus we can assist them to cooperate with UX activities 
efficiently and prevent extra cost and time.  
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Fig. 6. UX Standard Operation Procedure on MPMS 

3.3 UX Organization Re-structure 

Setting up a company policy for UCD is not an easy path. It requires lots of support 
either from top-down, or bottom-up. Once organization from top-down forced the 
regulation adaptation, we immediately faced the hostility toward to us from many 
working fields because the time and cost will be raised as we start to implement UX 
tasks into development life cycle.  

In addition, the old way of running UX practice would not help us buy a ticket to 
the strategy decision chair since we only participated in project level activities. We 
needed an organization that could gain us influence on product strategy decision at 
early UCD stage. We determined that UX team has to be more spontaneous and 
aggressive than ever so we re-structured team by adopting strategies below: 

1. Re-define UX member role and responsibility. 

Traditional UX team usually only consists of professionals from usability, human 
computer interaction, psychology, and design background. When we recruit UX 
professionals, we usually simply ask if the candidates are qualified in these fields 
practice and expect their contribution only from such disciplines mostly. As a matter 
of fact, that’s the reason other staffs in organization supposed UX team functions as 
design entity or verification unit rather than strategy advisory institution and misused 
us as design material generation or quality assurance resource. But since the 
communication is relatively important to win us a seat in regular product strategy 
meeting and being influential, we found that we need to reassign our team member 
new roles and responsibilities to coordinate all UX activities with project teams 
closely. The UX project coordinator responsibility includes: 

• To proactively communicate with key business stakeholders to gain access to 
product development status and maintain steady relationship with them 
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• To coordinate the UX projects on MPMS 
• UX standard operation procedure control 
• To hold educational training sessions regarding UX regulation and support to grow 

user experience design knowledge in organization  
• To identify and join necessary business units’ product strategy meetings and 

concept brainstorming activities.  

2. Identify senior members to act as UX project coordinator. 

In order to carry such important role, we needed to identify qualified team members 
who can be trusted by stakeholders with credibility and high recognition from their 
previous works.  

These senior members have learned to speak a common language as product 
development team does and understood the engineer’s culture and working style. 
They can demonstrate the leadership and assist project members in partnering with 
UX people better. 

3. Set up regular communication channels with key decision maker in business 
organization. 

After assigning UX project coordinator roles to a few senior members, they were sent 
out to communicate with key persons and sell our new regulation as well as 
organizing communication channels to regularly involve in product development 
activities in different departments.  

4. Conduct user research on strategy-related products proactively and deliver the 
quality reports to business personnel. 

For the first of a few months, with the intention of rolling out new UX regulation 
successfully, we particularly aimed for big time projects to conduct UX tasks on 
MPMS process and made sure deliverables were extraordinary to earn recognition 
and appreciation. We expected this approach would bring confidence to strategy table 
in new UX regulation and hopefully continuously get strong support from top-
management until full acceptance of the new UX policy.    

4 Result 

As a result of new the UX process deployment on MPMS, the awareness of user 
experience team and UX practice was tremendously raised. Although the process roll-
out has produced conflict between mid-level employees due to the functional 
departmentalism, we are able to convince them and smooth out the situation through 
our project coordinator role. Now, most of projects are plugging-in usability 
evaluation and test report documents in the system, and on some projects, they are 
reviewed at manufacturing gating meeting. UX contribution and opinion become 
significant for projects before going to production. More and more project managers 
include UX person in the project team at kick-off charter and allow us to affirm 
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products whether they meet user needs before entering implementation phase. 
Moreover, because UX team members have been increasingly invited to join the 
regular project review meetings or product requirement discussion with our 
customers, we are able to conduct user studies and give design suggestions at early 
stage rather than testing products after working samples ready. This finally empowers 
UX team to take back the true product UX ownership and the organization looks 
forward to gradually escalating the maturity level of UX.  
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Abstract. This paper provides a brief overview of cross-cultural interface de-
sign solutions combining cross-language information retrieval and cross-
cultural designing. Language is a part of culture in a sense, but most of  
researchers deal with these two issues separately because they have many dif-
ferent issues and solutions in nature. The diversity of sources and perspectives 
taken into account for the review including practitioners'(software localization) 
and technical (e.g. semantic web, ontologies) solutions, design processes (e.g. 
cultural finger print), design elements (e.g. cultural markers), and philosophical-
ly informed discussions (e.g. semiotics). 
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1 Introduction 

The potential of the internet as a global access tool for knowledge, goods and ser-
vices is undisputed. However, this potential cannot be fully realised, as long as the 
information and services of one culture are less accessible for those who from other 
cultural groups. This does not only arise from obvious matters such as language 
translation, currency, formats of numbers and dates, but also from deeply rooted 
cultural differences that can cause misunderstanding and misinterpretation of in-
formation. For example, if the user searches for “Lamb”, the relevant information 
could be found as meat, red meat, Halal meat, kosher, or a non-vegetarian item. So 
the main problems are what the user is actually searching for, how relevant infor-
mation can be retrieved and how the user can use a global interface as a culturally 
aware interface. What can be seen here is that the explosion of knowledge has 
forced researchers to devise new mechanisms to accommodate cultural classifica-
tion. It is difficult to provide consistent information in such diverse environments. 
The user resists accepting non-familiar terminology which is a barrier to the effec-
tive and efficient use of global interactive design. This research was carried out to 
bridge the cultural differences gap. 
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2 The Available Solutions 

The cultural differences raise research issues ranging from usability to methodologi-
cal and evaluation studies in relation to product design and process involvement in 
development [61]. In this context, the following sections discuss available solutions 
regarding the problems discussed in the above sections. 

Researchers and designers always look at the ways to improve usability access to 
users. They proposed different solutions to improve global interface design. A few of 
them are discussed here. There are various technical and cultural issues which need to 
be considered to design products as culturally neutral as possible. Byrne [9] explains a 
process called by GILT framework which consists of Globalization, Internationaliza-
tion, Localization and Translation. 

2.1 Globalisation, Internalisation, Localisation and Translation 

Designers need to consider whether to develop a global, cultural-free interfaces or 
localised versions. In this context, Day [16 cited by 62] describes three stages of spe-
cialisation: 

• Globalisation: Less culturally standards use across different cultures, 
• Internationalisation: Early stage of local customisation, 
• Localisation:  interfaces for specific local markets. 

Globalisation mainly deals with the necessary technical, financial, managerial, and 
staffing software to sell in a global market with minimal revision. The globalisation 
process has concentrated primarily on translating objective aspect of cultural, ignores 
subjective cultural aspects which are a necessary parts of cultural interfaces [20]. 

Internationalisation is a technical level of localisation and does not require re-
medial engineering or redesign. It has easily adopted design for international users 
after the engineering phase [41]. Internationalisation provides a common understand-
ing to use design universally [51][44]. Therefore we need to design architecture which 
does not need further modification for every local market. Maroto and Bortoli [45] 
suggested that appropriate measures in the early design phase enhance the effective-
ness of internationalisation. Marcus [45] advised that simplification of contents im-
prove the internationalisation. Russo and Boor [58] define internalisation is to identify 
the culturally specific elements of the product whereas localisation to substitutes it 
with local content. 

Localisation: The use of a global website is not convenient due to cultural percep-
tions and expectations of diverse users. The process of localisation makes websites 
suitable for target audiences. It generally addresses non-textual components of prod-
uct and services [41] to cater to the need of local market. According to [25 cited in 
13] localisation is a combination of language and technology to produce a cross cul-
tural product. This definition only considers a “product” whereas the Localisation 
Industry Standards Association [41] extends the reach of localisation by including 
“services”. LISA [41] describes it as "the process of modifying products or services to 



 From Global Terminology to Local Terminology 199 

 

account for differences in distinct markets".  According to LISA [41] localisation 
needs to analyses linguistic issues, physical issues, technical issues, business and 
cultural issues to make a decision not to localise or to localise.  

Localisation as a “high-tech translation” [41] is a complex process and requires 
linguistic, technical, cultural, commercial and legal expertise [9]. The key languages 
technologies Terminology Management Systems, Translation Memory (TM), Ma-
chine Translation (MT), Localization Workbenches, and Global Content Management 
Systems (GCMS) are no the substitution for a human translator [41]. Localisation of 
design means to enhance its effectiveness for a particular culture [45][52][44]. The 
possible options for localisation are language, time zones, currency, colour, naviga-
tion, etc., [15][49] divided this into the following groups:- 

• Linguistic: This process involves translating dates, time, currency, etc. 
• Cultural: This process includes cultural aspects of the target audience i.e., 

images, terminologies, metaphors, colours etc. 
• Technical: This comprises the above-mentioned aspects by redesigning the 

current website to make it more culturally acceptable. 

In this context, there is a need for a website to cater for the local context of one cul-
ture or a cross-cultural website.  

Translation is the replacement of text from one language to another language. A 
culturally localised interface is more than translation of text. Other important chal-
lenges are tangible factors, such as language and infrastructure. However, most stu-
dies are related only to language translation [56][17].  

Choong, Plocher and Rau [11] grouped cultural dimensions into cognitive (interna-
tionalisation and localisation of display elements, information architecture and user 
interaction, organising and searching information, time), affective (colours and graph-
ics), perceptual (use of metaphors), and functional (uncertainty avoidance). These 
processes need an analysis of both objective and subjective cultural issues [20][62]. 
Internalisation and localisation are widely used perspectives in HCI 
[19][28][44][27][7][3]. Sun [65][66] defined two levels i.e. surface level which covers 
translation, punctuation, dates, weights, measurements, addresses, currency, etc. is-
sues. Whereas the cultural level deals with images, colours, logic, functionality and 
communication patterns. 

2.2 Cultural Marker 

Barber and Bader [4] identified localised elements "cultural markers" by usability 
inspection of several hundred websites belong to different countries and languages. 
They proposed that incorporation of cultural markers improve the usability for local 
users. Sheppard and Scholtz [58] proved their research by two mock websites (North 
American version and Middle Eastern version) as they found the positive effects of 
cultural markers on user’s performance. 

The studies on cultural markers effect on website usability by [66][38] found that 
users prefer websites with cultural markers from their own cultures. Both studies  
did not produce any statistically significant results. Sun’s study [66] found cultural 
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makers play an effective role as culture is constantly changing therefore designers 
need practical observation from users. Mushtaha and De Troyer [49] emphasised the 
importance of cultural markers and divided cross-cultural markers for designing cul-
tural based website and localization into five levels; context-dependent, settled, broad, 
variable and vista. Designer can choose a cultural marker among five cultural markers 
according to their cultural adaption needs. 

2.3 Semiotics 

The studies by [10][71][33][31] found that the designers use their own cultural specif-
ic icons and standards to represent culturally specific things. Different cultures prefer 
different signs or symbols according to their culture [29].  Semiotics, are ‘science of 
signs’ deals with the meaning of signs and symbols through an understanding of the 
acts of signification. The signs and symbols are assigned to conceptual categories to 
represent important aspects and ideas. As an infinite process influences user percep-
tions and give meanings to ‘signs’ through acts of semiotics (unless otherwise stated 
most of the work is cited from [30][33].  

Concept of Semiotics is an act of interpretation [2][18] cited by [64]. The semiotic 
modelling is based on “the space of interactions”, and “the significance of the user-
organisation relationship”. Semiotic theories help to find the deep explanations of user 
attitudes and behaviours and how the dialogue between user and system establish and 
maintain elements of the user-organisation relationship. They are described as the de-
construction of the interface to detect ‘acts of signification’. They emphasise the need of 
actual meanings of as they can refer to different properties of the interface. Previous 
studies [53][57][5] cited by [62] did not get success to differentiate between a sign and 
its meaning. However, [30] applied semiotic principles to the user interface design. 

Krippendorff [39], cited in Myers, 1997) defines semiotics as “content analysis”. In 
his context, it is a research technique to find structure and pattern to make inferences 
from data. Wynn [72], cited in [50] takes semiotics as "conversation analysis." He 
defines that context of exchange is an important factor to shape the meanings. There-
fore researchers need to immerse themselves to understand the context. Discourse 
analysis [50] is a combination of content analysis and conversation analysis.  

2.4 Ontology 

One of the ways to solve cultural and design issues is that users a raise query in their 
own language against a foreign language and the result comes in their own language 
[22]. In ontology, the semantics of terms is defined in terms of axioms and is inter-
preted in hierarchical relations between terms. However, ontologies do not translate 
textual input from a source language into a target language [13]. Ontology is an ex-
pression based on a specification of concepts, relationships among concepts. The 
following sections are adopted from [35] unless otherwise stated. Ontology localisa-
tion defines as an adoption of ontology of particular language or culture [36] cited in 
[13]. The advantage of ontology localisation is to reduce the cost as compared to build 
a new ontology. Ontology localisation is based on software localisation [25] thesauri 
translation and machine translation. 
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Ontology Localisation 
 

It is a process that takes ontology as input and produces a new ontology extended with 
labels in addition to the languages [24][13]. 

Lexical layer: It affects the surface level as it just conceptualisation itself and does 
not consider functionality and behaviour of the software. This layer is language-
specific and provides a 1:1 translation for each label, dependent on the localised pur-
pose. It also comprises documentation and online help related to a particular culture. 

Conceptualisation Layer: In this layer, software functionality and behaviour needs 
conceptualisation according to the processes and rules related to particular culture. 
Apart from translation of labels, conceptualisation is also important element of ontol-
ogy localisation. It is driven by the inexistence of conceptual equivalents in the target 
culture. 

Thesauri Translation: Thesauri translation is reuse of existing thesauri or a reasona-
ble translation system that can provide support across the languages. As compared to 
ontology localisation, it does not need conceptualization. During Thesauri translation 
contents lose their structure as compared to ontology therefore the relevancy of mean-
ing is always questioned. 

Machine Translation: Translation of sentences and documents etc., with the whole 
context from source language to target language is called machine translation. It is 
difficult to find the most appropriate translation of a target language according to the 
ontology context.  Therefore translations obtained from multilingual lexical resources 
compare ontological contexts with the original label. A plug-in Label Translator [24] 
is an ontology editor supporting a semi-automatic functional translator for English, 
Spanish and German languages. A number of linguistic resources are available to 
obtain automatic translation such as multilingual lexica (EuroWordNet), multilingual 
terminologies (IATE10, a multilingual term base of the EU), and translation services 
(Babelfish, GoogleTranslate) [25] cited in [35].  LabelTranslator has been developed 
to translate terminology and reuse them in multilingual or cultural ontology (for more 
details [23][24]. 

Ontology Mappings 
 

Conceptual level: Ontologies describe and construct in different languages by either 
taxonomical relations (i.e., owl: equivalent Class, owl: sameAs, rdfs: subclass Of, 
etc.) or domain dependent relations (i.e., ontology properties coming from other on-
tologies). The Conceptual cross-lingual mappings establish a correspondence between 
or among concepts including in different ontologies or languages [35]. 

Instance Level: The instance cross-lingual mappings are about individual links in-
stead of associated concepts and are represented by owl: sameAs [35]. 

Linguistic Level: The linguistic cross-lingual mappings establish concepts between 
their associated linguistic information. This mapping is used where conceptual and 
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linguistic information is a major requirement. There are no semantic relations be-
tween the concepts as mappings established between the linguistic descriptions of 
their concepts are not necessarily exact culturally equivalents but may be the closest 
correspondences between culture-specific concepts. Cross-lingual ontology mappings 
are a sub-case of ontology mappings [35]. 

Vocabulary elements can be captured rdfs: label property but is not sufficient for 
syntactic variation across languages. The, multilingual lexical information models 
e.g., LexInfo [8][14][12] or LIR [48][54] cited in Gracia et al., 2012) are complex and 
need lexicon models for ontologies like the lemon model by [46] cited in [35]. Some 
models with the combination of first generation ontology localization for translation 
support to ontology are available. They use multilingual lexical (EuroWordNet), ter-
minological resources and extant translation services for mappings. Multilingual lexi-
cal information integrates with ontology localisation tools to support queries in any 
language and is available via Semantic search engines.  

Deeper multilingual lexical knowledge requires supporting cross-lingual natural 
language processing. However, users interact in different ways such as keyword-
based queries. In this context, it is still a research question that how a natural language 
query can transform into a formal query [40][42][68][6]. Therefore localised semantic 
information can play a vital role to the serve user. The main problem is how to 
represent cross-lingual mappings as there are not many approaches to identify map-
pings between different languages [26]. Semantic Web languages and ontology 
matching both support cross-lingual ontology mappings. 

The main objective of cultural ontology is to create explicit mutual and different 
perspectives to share understanding [55] cited in [1] i.e., researches [47][37][21] show 
promising results. However there is a need to develop a more detailed theoretical and 
empirical research in this area to support multiple languages by integrating machine 
translation systems [69][34][63] and measures of semantic similarity [35]. Further, it 
is not always possible to reuse in different linguistic and cultural scenarios as they are 
domain specific. Ontology localisation needs more research to increase the accuracy 
of current approaches.  Further research also needs to look at how cost can be reduced 
and how the design could be more users friendly. 

2.5 Cultural Attractors 

Smith [62] describe cultural markers as cultural attractors. These are element of web-
site design that reflect the signs and their meanings of a local culture for interface 
design. The studies by [32][62] presented the “cultural attractors” after auditing the e-
finance websites of India and Taiwan. They developed a generic catalogue of cultural 
attractors and embedded in to E-commerce sites to help the local audience of India 
and Taiwan.  The cultural attractors are combination of colours, cultural specific 
symbols, linguistic cues and religious iconography and local oriented identities. These 
cultural attractors can help the designers and usability evaluators to design cultural 
specific Web sites for specific cultures or countries. The proposed attractors match the 
expectations of the users for that particular culture.  
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2.6 Cultural Fingerprint 

Smith [62] developed “cultural fingerprint” to compare cultural profile with target 
cultures. Their user study in cultural usability is influenced by Taguchi’s work in 
Total Quality Management [67] cited by [62]. This bases the concepts of optimisation 
through the design of experiments. Taguchi is a cost effective method for researchers 
in cultural diversity [59][60]. 

The term “culturability” (combination of culture and usability) deals with lan-
guage, social context, time, currency, units of measure, cultural values, body posi-
tions, symbols and aesthetics [4][28]. A study that supports culturability found that 
visual elements have a direct impact on the user’s culture [70].  

The studies discussed in this section have attributed differences to various cultural 
styles, including searching style, cognitive style, language use, perceptions of search 
systems and information sharing. The main problem in this area is the global accep-
tance of cultural factors for User Interface (UI). The researchers have a consensus that 
interface elements affected by culture need to be adjusted and designed according to 
locale-specific users.  

3 Conclusion  

The above mentioned observations indicate that the research relating to culture and 
technology with respect to classification needs more attention. Human-Computer 
Interaction (HCI) experts face the challenges to understand the target culture and its 
influence. The major problem is how a huge amount of information can be organised 
effectively. To achieve this, getting an effective access to information is needed. As 
there is no particular arrangement for the dissemination of knowledge to every culture 
while widening the access requires resource classified in a cultural context, it be-
comes the major potential barrier for designers. Consequently, it is time to study how 
information can be organised for different cultures.   

References 

1. Abou-Zeid, E.S.: Towards a Cultural Ontology for Inter-organisational Knowledge Processes. 
In: Proc. of 36th Hawaii International Conference on System Sciences HICSS-36, Big Island 
HI, January 6-9, pp. 4–9. IEEE Computer Society (2003) 

2. Anderson, J.R.: The adaptive nature of human categorization. Psychological Re’w 98(3), 
409–429 (1991) 

3. Aykin, N. (ed.): Usability and Internationalization of Information Technology, p. 392. 
Lawrence Erlbaum, New York (2005) 

4. Barber, W., Badre, A.: Culturability: The merging of culture and usability. In: Proceedings of 
the Fourth Conference on Human Factors and the Web. AT and T Labs, Basking Ridge (1998), 
http://zing.ncsl.nist.gov/hfweb/att4/proceedings/barber/ 
index.html (accessed November 11, 2004) 

5. Blankenberger, S., Hahn, K.: Effects of icon design on human-computer interaction. Inter-
national Journal of Man-machine Studies 35, 363–377 (1991) 



204 E. Duncker, J.A. Sheikh, and B. Fields 

 

6. Bobed, C., Trillo, R., Mena, E., Bernad, J.: Semantic Discovery of the User Intended 
Query in a Selectable Target Query Language. In: Proc. of 7th International Conference on 
Web Intelligence (WI), Sydney, pp. 579–582. IEEE Computer Society Press (2008) 

7. Borgman, C.L.: From Gutenberg to the global information infrastructure access to infor-
mation in the networked world. MIT Press, Cambridge (2000) 

8. Buitelaar, P., Cimiano, P., Haase, P., Sintek, M.: Towards Linguistically Grounded Ontol-
ogies. In: Aroyo, L., Traverso, P., Ciravegna, F., Cimiano, P., Heath, T., Hyvönen, E.,  
Mizoguchi, R., Oren, E., Sabou, M., Simperl, E. (eds.) ESWC 2009. LNCS, vol. 5554,  
pp. 111–125. Springer, Heidelberg (2009) 

9. Byrne, J.: Localisation: When Language, Culture & Technology Join Forces. Language at 
Work No. 5 (2009) ISSN: 1904-030X 

10. Callahan, E.: Cultural differences in the design of human computer interfaces: A multina-
tional study of university websites. Published thesis, Indiana University (2007) 

11. Choong, Y.Y., Plocher, T., Rau, P.L.: Cross-Cultural Web Design. In: Proctor, R.W., Vu, 
K.-P.L. (eds.) Handbook of Human Factors in Web Design. Lawrence Erlbaum Associates, 
Publishers (2005) 

12. Cimiano, P., Haase, P., Herold, M., Mantel, M., Buitelaar, P.: Lexonto: A model for ontol-
ogy lexicons for ontology-based nlp. In: Proceedings of OntoLex 2007, Busan, South Ko-
rea (2007) 

13. Cimiano, P., Montiel-Ponsoda, E., Buitelaar, P., Espinoza, M., Gomez-Perez, A.: A Note 
on Ontology Localization. Journal of Applied Ontology 5(2) (2010) 

14. Cimiano, P., Buitelaar, P., McCrae, J., Sintek, M.: LexInfo: A declarative model for the 
lexicon-ontology interface. J. Web Sem. 9(1), 29–51 (2011) 

15. Cyr, D., Trever-Smith, H.: Localisation Of Web Design: An Empirical Comparison Of 
German, Japanese, And U.S. Website Characteristics. Journal of the American Society for 
Information Science and Technology 55(13), 1–10 (2004) 

16. Day, D.: Cultural bases of interface acceptance: foundations. In: Sasse, M.A., Cunning-
ham, J., Winder, R.L. (eds.) People and Computers XI, Proc.’ of HCI 1996, pp. 35–47. 
Springer, London (1996) 

17. De Angeli, A., Athavankar, U., Joshi, A., Coventry, L., Johnson, G.I.: Introducing ATMs 
in India: a contextual inquiry. Interacting with Computers 16(1), 29–44 (2004) 

18. De Souza, C.: The semiotic engineering of the Human Computer Interface. MIT Press 
(2005) 

19. Del Galdo, E., Nielsen, J.: International User Interfaces. Wiley Publishing, New York 
(1996) 

20. Dunckley, L., Smith, A.: Cultural Factors and user interface design. In: Proceedings of the 
IEA 2000/HFES 2000 Congress (2000) 

21. Eger, S., Sejane, I.: Computing Semantic Similarity from Bilingual Dictionaries. In: Pro-
ceedings of the 10th International Conference on the Statistical Analysis of Textual Data, 
Rome, Italy, pp. 1217–1225 (2010) 

22. Embley, D.W., Liddle, S.W., Lonsdale, D.W., Tijerino, Y.: Multilingual Ontologies for Cross-
Language Information Extraction and Semantic Search. In: Jeusfeld, M., Delcambre, L., Ling, 
T.-W. (eds.) ER 2011. LNCS, vol. 6998, pp. 147–160. Springer, Heidelberg (2011) 

23. Espinoza, M., Gómez-Pérez, A., Mena, E.: Enriching an ontology with multilingual informa-
tion. In: Bechhofer, S., Hauswirth, M., Hoffmann, J., Koubarakis, M. (eds.) ESWC 2008. 
LNCS, vol. 5021, pp. 333–347. Springer, Heidelberg (2008) 

 
 



 From Global Terminology to Local Terminology 205 

 

24. Espinoza, M., Gómez-Pérez, A., Montiel-Ponsoda, E.: Multilingual and localization sup-
port for ontologies. In: Aroyo, L., Traverso, P., Ciravegna, F., Cimiano, P., Heath, T., 
Hyvönen, E., Mizoguchi, R., Oren, E., Sabou, M., Simperl, E. (eds.) ESWC 2009. LNCS, 
vol. 5554, pp. 821–825. Springer, Heidelberg (2009) 

25. Esselink, B.: A Practical Guide to Localization. John Benjamins, Amsterdam (2003) 
26. Euzenat, J., Shvaiko, P.: Ontology matching. Springer, Heidelberg (2007) 
27. Evers, V.: Cultural Aspects of User Interface Understanding: An Empirical Evaluation of 

an E-Learning website by International User Groups. Doctoral Thesis, the Open University 
(2001) 

28. Fernandes, T.: Global interface design: A guide to designing international user interfaces. 
Academic Press Professional, Inc., San Diego (1995) 

29. Fitzgerald, W.: Models for Cross-Cultural Communications for Cross-Cultural Website 
Design, National Research Council Canada, Institute for Information Technology (2004) 

30. French, T.: What kinds of interpretation can semiotics offer to e-commerce site users and 
designers? In: Proceedings of the First International Workshop Interpretative Approaches 
to Information Systems Research, Brunel University, UK, July 26–27, pp. 1–6 (2002) 
ISBN 1-902316-27-4 

31. French, T., Conrad, M.: Culture and e-Culture through a semiotic lens: E-banking localiza-
tion. In: International Conference on Information Society (i-Society), pp. 514–518 (2012) 

32. French, T., Minocha, S., Smith, A.: eFinance Localisation: an informal analysis of specific 
eCulture attractors in selected Indian and Taiwanese sites. In: Coronado, J., Day, D., Hall, 
B. (eds.) Designing for Global Markets, Proceedings of IWIPS 2002. Products and Sys-
tems International, vol. 4, pp. 9–21 (2002) 

33. French, T., Smith, A.: Semiotically enhanced Web Interfaces for Shared Meanings: Can 
Semiotics Help Us Meet the Challenge of Cross-Cultural HCI Design? In: IWIPS 2000, 
Baltimore, US (2000) 

34. Fu, B., Brennan, R., O’Sullivan, D.: Cross-lingual ontology mapping - an investigation of the 
impact of machine translation. In: Gómez-Pérez, A., Yu, Y., Ding, Y. (eds.) ASWC 2009. 
LNCS, vol. 5926, pp. 1–15. Springer, Heidelberg (2009) 

35. Gracia, J., Montiel-Ponsoda, E., Cimiano, P., Gómez-Pérez, A., Buitelaar, P., McCrae, J.: 
Challenges for the multilingual Web of Data. International Journal on Web Semantic 
Web 11(2), 63–71 (2012) 

36. Gruber, T.R.: Toward principles for the design of ontologies used for knowledge sharing. 
International Journal of Human-Computer Studies 43(5-6) (1995) 

37. Hassan, S., Mihalcea, R.: Cross-lingual Semantic Relatedness Using Encyclopedic Know-
ledge. In: Proceedings of the Conference on Empirical Methods in Natural Language 
Processing, Singapore (2009) 

38. Juric, R., Kim, I., Kuljis, J.: Cross cultural web design: An experience (sic) of developing 
UK and Korean cultural markers. In: 25th International Conference on Information Tech-
nology Interfaces (2003) 

39. Krippendorff, K.: Content analysis: An introduction to its methodology. Sage Pub., Bever-
ly Hills (1980) 

40. Lei, Y., Uren, V., Motta, E.: SemSearch: A Search Engine for the Semantic Web. In: 
Staab, S., Svátek, V. (eds.) EKAW 2006. LNCS (LNAI), vol. 4248, pp. 238–245. Sprin-
ger, Heidelberg (2006) 

41. LISA, Localization (2008), http://www.lisa.org/Localization.61.0.html 
(accessed June 04, 2012) 
 



206 E. Duncker, J.A. Sheikh, and B. Fields 

 

42. Lopez, V., Sabou, M., Motta, E.: PowerMap: Mapping the Real Semantic Web on the Fly. 
In: Cruz, I., Decker, S., Allemang, D., Preist, C., Schwabe, D., Mika, P., Uschold, M., 
Aroyo, L.M. (eds.) ISWC 2006. LNCS, vol. 4273, pp. 414–427. Springer, Heidelberg 
(2006) 

43. Marcus, A.: International and intercultural user interfaces. In: Stephanidis, C. (ed.) User 
Interfaces for All: Concepts, Methods, and Tools, pp. 47–63. Lawrence Erlbaum, Mahwah 
(2001) 

44. Marcus, A.G.: Global/Intercultural User Interface Design. In: Sears, A., Jacko, J.A. (eds.) 
The Human-Computer Interaction Handbook: Fundamentals, Evolving Technologies and 
Emerging Applications, 2nd edn. Lawrence Erlbaum Associates (2008) 

45. Maroto, J., Bortoli, M.D.: Web Site Localization. In: European Languages and the Imple-
mentation of Communication and Information Technologies (Elicit) Conference (2001) 

46. McCrae, J., Aguado-de-Cea, G., Buitelaar, P., Cimiano, P., Declerck, T., Gómez-Pérez, A., 
Gracia, J., Hollink, L., Montiel-Ponsoda, E., Spohr, D., Wunner, T.: Interchanging Lexical 
Resources in the Semantic Web. Language Resources and Evaluation (2011) 

47. Mohammad, S., Gurevych, I., Hirst, G., Zesch, T.: Cross-Lingual Distributional Profiles of 
Concepts for Measuring Semantic Distance. In: Proc. of the 2007 Joint Conference on 
Empirical Methods in Natural Language Processing and Computational Natural Language 
Learning, pp. 571–580. ACL (June 2007) 

48. Montiel-Ponsoda, E., Aguado de Cea, G., Gómez-Pérez, A., Peters, W.: Modelling multi-
linguality in ontologies. In: Coling 2008: Companion volume - Posters and Demonstra-
tions, UK, pp. 67–70 (2008) 

49. Mushtaha, A., De Troyer, O.: Cross-culture and website design: cultural movements and 
settled cultural variables. In: Aykin, N. (ed.) IDGD 2009. LNCS, vol. 5623, pp. 69–78. 
Springer, Heidelberg (2009) ISBN 978-3-642-02766-6 

50. Myers, M.D.: Qualitative Research in Information Systems. MIS Quarterly 21(2), 241–242 
(1997), MISQ Discovery, archival version (June 1997), 
http://www.misq.org/supplements/ MISQ Discovery (updated version last mod-
ified: May 21, 2012), http://www.qual.auckland.ac.nz (accessed, June 03, 2012) 

51. Nielsen, J.: Why you only need to test with 5 users. Alertbox (2000) 
52. Nielsen, J.: Usability 101: Introduction to usability. Alertbox (2003), 

http://www.useit.com/alertbox/20030825.html (accessed July 15, 2006) 
53. Peirce, C.: Collected papers of Charles Sanders Peirce. Belnap Press, USA (1953) 
54. Peters, W., Montiel-Ponsoda, E., Aguado de Cea, G.: Localizing Ontologies in OWL. In: 

Proceedings of OntoLex 2007, Busan, South Corea (2007) 
55. Qureshi, S., Hlupic, V., Vereede, G.J., Briggs, R., Nunamaker: Harnessing Intellectual Re-

sources in a Collaborative Context to Create Value, ERS-2002-28-LIS, Erasmus Research 
Institute Of Management (2002) 

56. Russo, P., Boor, S.: How fluent is your interface?: designing for international users. In: 
Proceedings of the INTERACT 1993 and CHI 1993 Conference on Human Factors in 
Computing Systems (CHI 1993), pp. 342–347. ACM, New York (1993) 

57. Saussure, F.: Course in General Linguistics. Collins Press, London (1974) 
58. Sheppard, C., Scholtz, J.: The effects of cultural markers on web site use. In: Fifth Confe-

rence on Human Factors and the Web, Gaithersburg, Maryland (1999) 
59. Smith, A., Dunckley, L.: Towards a Quality Interface - the application of TQM techniques 

to Interface design. People and Computers X1. HCI 1996 (1996) ISBN 3-540-760690-
51996 

60. Smith, A., Dunckley, L.: Using the LUCID method to optimize the acceptability of shared 
interfaces. Interacting with Computers 9(3), 335–344 (1998) 



 From Global Terminology to Local Terminology 207 

 

61. Smith, A., French, T.: The Role of Cultural Theories within International Usability. In: 
Rauterberg, M., Menozzi, M., Wesson, J. (eds.) INTERACT. IOS Press (2003) 

62. Smith, A., Dunckley, L., French, T., Minocha, S., Chang, Y.: A process model for devel-
oping usable cross-cultural websites. Interacting with Computers 16(1), 63–91 (2004) 

63. Spohr, D., Hollink, L., Cimiano, P.: A machine learning approach to multilingual and cross-
lingual ontology matching. In: Aroyo, L., Welty, C., Alani, H., Taylor, J., Bernstein, A.,  
Kagal, L., Noy, N., Blomqvist, E. (eds.) ISWC 2011, Part I. LNCS, vol. 7031, pp. 665–680. 
Springer, Heidelberg (2011) 

64. Springett, M., French, T.: User Experience and its Relationship to Usability: The Case of 
e-Commerce Web-site Design. In: Workshop: Towards a User Experience Manifesto,  
Lancaster Uni., pp. 43–48 (2007) 

65. Sun, H.: Expanding the scope of localization: A cultural usability perspective on mobile 
text messaging use in American and Chinese contexts. Doctoral dissertation, Rensselaer 
Polytechnic Institute, NY (2004) 

66. Sun, H.: Designing for a dialogic view of interpretation in cross-cultural IT design. In:  
Aykin, N. (ed.) IDGD 2009. LNCS, vol. 5623, pp. 108–116. Springer, Heidelberg (2009) 

67. Taguchi, G.: Introduction To Quality Engineering. American Supplier Institute, Dearborn 
(1986) 

68. Tran, T., Cimiano, P., Rudolph, S., Studer, R.: Ontology-Based Interpretation of Keywords 
for Semantic Search. In: Aberer, K., Choi, K.-S., Noy, N., Allemang, D., Lee, K.-I., Nixon, 
L.J.B., Golbeck, J., Mika, P., Maynard, D., Mizoguchi, R., Schreiber, G., Cudré-Mauroux, 
P. (eds.) ASWC 2007 and ISWC 2007. LNCS, vol. 4825, pp. 523–536. Springer, Heidel-
berg (2007) 

69. Trojahn, C., Quaresma, P., Vieira, R.: A framework for multilingual ontology mapping. In: 
Proceedings of the Sixth International Language Resources and Evaluation (LREC 2008). 
European Language Resources Association, Marrakech (2008) 

70. Tsai, I.-C., Kim, B., Liu, P.-J., Goggins, S.P., Kumalasari, C., Laffey, J.M.: Building a 
Model Explaining the Social Nature of Online Learning. Journal of Educational Tech., and 
Society 11(3), 198–215 (2008) 

71. Vatrapu, R.: Culture and International Usability Testing: The Effects of Culture in Inter-
views. Virginia Polytechnic Institute and State University (2002) 

72. Wynn, E.: Office conversation as an Information Medium. University of California,  
Berkeley (1979) 



P.L.P. Rau (Ed.): CCD/HCII 2013, Part I, LNCS 8023, pp. 208–217, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Integration of Characteristics of Culture into Product 
Design: A Perspective from Symbolic Interactions 

Yu-Hsiu Hung1,*, Wei-Ting Li1, and Yi Sheng Goh2 

1 Department of Industrial Design, National Cheng Kung University, Tainan, Taiwan 
{idhfhung,p36011139}@mail.ncku.edu.tw 

2 Institute of Creative Industries Design, National Cheng Kung University, Tainan, Taiwan 
ysgoh@mail.ncku.edu.tw 

Abstract. Cultural insight has become essential for improving designs for glob-
al and regional markets. However, little work is done on how to dissect culture 
and incorporate culture characteristics into design activities to create emotional 
engagements between products and users. This study, therefore, developed a 
cultural design model to address this problem. The cultural design model was 
built based on the notion that meaning evolves from social interactions with ob-
jects/symbols in the environment and with people. In the model, the theoretical 
components of Symbolic Interactions and O’Brien’s and Toms’ user engage-
ment attributes were adopted and were used to analyze culture and transform 
cultural characteristics into product design features, as well as to “enable user 
experience.” The effectiveness of the cultural design model was verified 
through a case study with two groups of Industrial Design students on designing 
tea cups for Taiwanese tea culture. Results of the study provided evidence of 
the proposed cultural design model in assisting with cultural design activities. 

Keywords: Culture, Symbolic Interactions, Design. 

1 Introduction 

Design changes culture and at the same time, is shaped by culture [1]. The interest in 
designing for culture is growing in industry and academia. Cultural insight has be-
come essential for improving designs and product sales in both the regional and glob-
al markets. Observing the design of artifacts produced and consumed in our society 
often reveals cultural situations, people’s lives, and how people communicate [2]. It is 
culture that gives product meaning, as well as provides the rituals and values where 
artifacts are used [3].  

Studies on products and interfaces have indicated that interfaces showing characteris-
tics relevant to culture increase product usability and performance. For instance, Smith 
and Chang [4] incorporated cultural fingerprints as a diagrammatic means in improving 
the acceptability of website design. Smith, Dunckley, French, Minocha, and Chang [5] 
presented a process model for developing usable cross-cultural websites. They  
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introduced the concept of cultural attractors (e.g., color combinations, trust signs, use of 
metaphor, etc.) to define the interface design elements of a website that reflect the signs 
and their meanings to match the expectations of a local culture. Moreover, Moalosi, 
Popovic, and Hickling-Hudson [2] integrated socio-cultural factors (including social 
practice factors, material factors, emotional factors, and technology/design factors) into 
the conceptual design phase to generate culturally oriented products.  

The above studies demonstrated the potential for using cultural dimen-
sions/attributes/characteristics for designing innovative products and interfaces. How-
ever, most of them did not investigate how to create “emotional engagements” be-
tween products and intended users. This study, therefore, was based on the notion that 
understanding what and how cultural norms and values can be integrated into product 
design [2] is not sufficient to successful cultural product design. Rather, cultural 
product design should take an additional consideration, i.e., engaging user expe-
riences. In this study, we describe the development of a cultural design model from 
the theoretical components of Symbolic Interactions [6] and O’Brien’s and Toms’ 
user engagement attributes [7], with the intention to not only help designers transform 
culture characteristics into product design features, but also engage users in product 
use. This study also conducted a case study (consisting of tea cup design) to demon-
strate the effectiveness of the model. The aim of this paper is to look at cultural prod-
uct design from symbolic interactions and take cultural product design to the level of 
enabling user engagement. 

2 Literature Review 

2.1 Basis/Philosophy for the Development of Models of Culture 

Culture is viewed and defined differently by researchers. It is associated with people, 
and its content involves a wide range of phenomena, such as norms, values, shared 
meanings and patterned ways of behaving [8]. Simply put, "culture is communication, 
and communication is culture" [9]. It “includes race and ethnicity as well as other va-
riables and is manifested in customary behaviors, assumptions and values, patterns of 
thinking and communication style” [10]. More specifically, culture is the socially trans-
mitted knowledge and behavior shared by some group of people [8]. In the literature, 
models of culture were proposed to understand culture [9, 11-13]. They are typically 
developed based on a level of culture and/or philosophies of metamodel(s) of culture.  

 Levels of culture correspond to layers of mental programming carried by each 
individual [14]. For example, a national level corresponds to one’s country; a so-
cial class level corresponds to a person’s educational training and income; a level 
on cognitive style corresponds to an individual’s ethnicity, etc. Therefore, cultural 
differences exist according to nation, region, religion, gender, generation, and so-
cial class, etc. 

 The metamodels of culture [14] define different layers of culture and provide 
perspectives to look at culture. For example: the Onion Model is made of three 
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layers (i.e., symbol, hero, and ritual) around a core (i.e., value). All three layers 
can be trained and learned through practices except for the core. The Pyramid 
Model is composed of three layers (from top to bottom: personality, culture, and 
human nature). The model states that culture should be distinguished from human 
nature on one side, and from an individual's personality on the other. The Iceberg 
Model is consisted of two layers, the layers above/below the waterline. The layer 
above the waterline is 10 percent of the iceberg, representing observational beha-
vior of a culture (e.g., actions, thoughts, and words). The layer below the waterline 
is the major and invisible part of the iceberg, representing beliefs, values, and as-
sumptions of a culture. The Objective and Subjective Model identifies two layers 
of culture, subjective and objective culture. Subjective culture (e.g., similarities 
and differences in power and authority) is difficult to measure as it operates out-
side of conscious awareness. Objective culture (represented with arts, crafts, lite-
rature, social customs, and political structure, etc.) is what is real and concrete and 
is an externalization of subjective culture.  

One of the most-used models of culture is Hofstede’s cultural model [11]. It concep-
tualized culture as programming of the mind. The model, examining culture at the 
level of country, states that people react differently based on the different cultural 
values they hold. All of the dimensions in Hofstede’s model fall under the scope of 
subjective culture (including power distance, masculinity and femininity, individual-
ism and collectivism, uncertainty avoidance, and time orientation).  

2.2 Interpretation of Culture with Symbolic Interactionism: A Communication 
Perspective 

Symbolic Interactionism, originated in sociology, refers to the way we (learn to) in-
terpret and give meaning to the world though our interactions with other people [6]. In 
Symbolic Interactionism, reality is composed of objects (or symbols), each of which 
carries a meaning. Meaning evolves from social interactions with objects/symbols in 
the environment and with people. In other words, people interact by interpreting 
another’s act based on the meanings produced by their interpretations. 

Blumer, one of the pioneers of Symbolic Interactionism, proposed that symbolic 
interaction is a communicative process involving five elements: the self, the act, so-
cial interaction, objects, and joint action. These interrelated elements constitutes a 
system that explains the idea of culture [16], as culture is constructed, learned, inter-
preted, and transmitted among a group of people where meanings are given/shared in 
supporting social interactions. 

Blumer  explained the five elements of symbolic interaction as follows: the self (the 
way that one person acts in relation to the attitudes of others) can become an ob-
ject/symbol of self-indication (“a moving communicative process in which the individual 
note things, assesses them, gives them a meaning, and decides to act on the basis of that 
meaning”) [16]; individual action is yielded from the process of self-indication; joint 
action (e.g., rites and norms) consists of aligning individual actions through a process of 
interpretation of others’ actions; social interaction means people interact by interpreting 
another’s act based on the meanings produced by their interpretation. 
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3 Development of a Cultural Design Model 

The cultural design model explained in the following includes a three-stage design 
process (Figure 1) to designing for culture. 
 

 
 
 
 
 
 
 
 
 

Fig. 1. The cultural design model 

3.1 Analysis, Translation, and Engagement 

In this study, culture is viewed through the lens of social communication and symbol-
ic Interactions. Culture, at the same time, can be explained by layers in metamodels of 
culture. Thus, the theoretical components of Symbolic Interactionism and the philos-
ophies of metamodels of culture were used to form the basis for analyzing culture. 
The decomposition/analysis of culture can be achieved by identifying the following 
four levels (from bottom to top) of cultural characteristics: 

 Level 1- Symbols/objects represent tangibles that carry meanings agreed among 
individuals in a culture. They reflect objective culture and “the self” and “objects” 
in Symbolic Interactionism. 

 Level 2 - Behavior is the actions of an individual in responding to stimuli or oth-
ers. It reflects objective culture and “act” in Symbolic Interactionism. 

 Level 3 - Ritual/Rite is a set of actions/behaviors performed by individuals to 
express the symbolic values. It represents a planned set of activities that combines 
various form of cultural expressions and that often has both practical and expres-
sive consequences [17]. According to Hartley [15], rites allow for social interac-
tions in different levels, and have multiple consequences; rites can serve as an en-
try point for new comers. Rituals/rites reflect objective culture and “act”, “joint 
action,” and “social interaction” in Symbolic Interactionism. 

 Level 4 - Values are a synthesis of shared meanings, assumptions, and ideals 
among people that reflects traditions and are worth striving for [18]. They reflect 
subjective culture. 

Design can be linked to culture through the incorporation of cultural values in prod-
ucts [2]. With respect to designing for culture, therefore, addressing cultural values 
becomes important. Moreover, meanings are conveyed and adjusted among people 
based on what they have been informed in the social context [19]. This suggests that 
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symbols and objects in a culture may not necessarily yield meanings by themselves. It 
is through social behavior and interactions where meanings would take place. Thus, in 
our proposed cultural design model, addressing cultural symbols/objects in product 
design is not sufficient. To enable user engagement so that cultural meanings are 
yielded during user-product interactions, as demonstrated in Figure 1, transforming 
cultural characteristics in other cultural levels as well becomes essential.  

3.2 Catalyst to Enable User Engagement  

Bannon [20] noted that the emphasis of product design is not effectiveness and efficien-
cy, but how well a product is able to provide users with good experiences. To be able to 
enable user engagement with products, our proposed cultural design model adopts 
O’Brien’ and Toms’ model of user engagement (Figure 1). It includes the following five 
elements that should be also integrated into product attributes in the design process:  
 

 Focused attention refers to users’ perceptions of time passing and their degree of 
awareness about what was taking place outside of their interaction with the prod-
uct. 

 Perceived usability pertained to the emotions experienced by users during their 
interactions with the product. 

 Aesthetics refers to users’ overall aesthetic impressions of the product’s attrac-
tiveness and sensory appeal pertaining to specific product features. 

 Endurability refers to users’ likelihood to perceive experiences of product usage 
as “successful,” “rewarding,” “worthwhile,” and working out as planned. 

 Involvement refers to users feeling of being drawn into and involved in the use of 
the product. 

4 Case Study 

To verify the effectiveness of the model, we conducted a between-subject compara-
tive case study on the tea cup design. 

4.1 Participant 

Nineteen college students majoring in Industrial Design (sophomore year, mean 
age=19) were recruited to perform idea-sketching on the topic—Designing tea cups 
for Taiwanese tea culture. Nine students (three males and six females) participated in 
the control group. Ten students (five males and five females) participated in the expe-
rimental group.  

4.2 Procedure 

Participants in the experimental group were given the cultural design model to sup-
port idea-sketching. Participants in the control group were not given any assistance in 
their idea-sketching activities. Every participant was allowed to use the Internet to 
collect any information needed for his/her designs. In this study, all participants were 
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given drawing tools and instructed to use one and half hour to perform idea-sketching 
on the design topic.  

After the idea-sketching, participants were instructed to select two of their best 
ideas. Interviews were conducted with the participants (by two researchers in separate 
groups) to understand participants’ thoughts, ideas, tea culture characteristics, and 
user engagement elements of their selected sketches. Interviews were audio-recorded 
and notes were taken for later data analysis.  

In the study, the demonstrated Taiwanese tea culture characteristics were devel-
oped by former semi-structured interviews with six subject matter experts (two fe-
males and four males) who have more than 30 years of tea-drinking experiences. The 
abstracted tea culture characteristics are as follows:  

 Values — share, interaction, nature, health, art, tradition, value-added, elabora-
tion, passing down, and experience, etc. 

 Ritual/rite — behave politely and gently when receiving the tea cup and savoring 
tea, respect seniors around the tea table, savoring tea with gentle movement, and 
appreciate the tea with both hands holding the tea cup, etc. 

 Behavior —review the dried tea leaf to determine the right amount of tea to be 
measured and the right water temperature to be applied, smell the aroma seeping 
from under the tea cup, sip the tea to appreciate it's aroma, flavor, taste, and fine 
finish, warm the pot/cups to ensure the water temperature and tea quality, and sa-
voring the aftertaste of the tea in the mouth and throat, etc. 

 Symbol — appreciation, respect, calm, not being inclination to either side, and 
warm-heartedness, etc. 

 Object — tea boat, tea scoop, tea pitcher, tea towel, brewing teapot, pouring tea-
pot, aroma cups, drinking cups, saucer, preparation tray, pewter tea container, tea 
packaging, and tea table, etc.  

5 Results and Discussions 

The ideas selected by the participants are shown in Table 1 and Table 2. From the inter-
view with the student participants, we understand that, among the selected/preferred tea 
cup ideas, participants in the control group overall integrated higher numbers of objects 
and symbols (Figure 2), whereas participants in the experimental group integrated high-
er numbers of behavior, rites, rituals, and even values (Figure 2).  

Table 3 shows the average numbers of tea culture characteristics integrated in each 
selected idea. In average, participants in the experimental group incorporated more 
cultural characteristics (especially cultural values and behavior) into one idea than 
their counterparts. On the other hand, participants in the control group emphasized 
less on culture behavior, rites/rituals, and values, but more on cultural sym-
bols/objects on tea cup design. These results suggested that our proposed design mod-
el is effective in helping designers perform cultural product design. This is because, 
from the perspective of Symbolic Interactions, simply transforming cultural symbols 
and objects into product design features may not necessarily engage users into the 
cultural meanings that are typically yielded in the context of social interactions and 
communications in a culture.  
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In addition, with respect to user engagement, among the selected/preferred tea cup 
ideas, participants in the experimental group tended to incorporate more user engagement 
attributes in their product design features than their counterparts (Figure 3). Table 3 
shows similar results with Figure 3. From Table 3, we know that, in average, participants 
in the experimental group integrated higher numbers of user engagement attributes (espe-
cially aesthetics, perceived usability, and involvement) into one idea than their counter-
parts. These results demonstrate the effectiveness of our proposed cultural design model 
in helping designers engage intended users through product design features.  

Table 1. Eighteen ideas selected by participants in the control groups 

 

  

  

Table 2. Twenty ideas selected by participants in the experimental groups 
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Fig. 2. Frequency distribution for levels of tea cultural characteristics addressed in participants’ 
selected sketches 

 

Table 3. The average numbers of tea culture characteristics/user engagement attributes 
integrated in one selected idea 

Level in the 
Culture Model 

Average Number of 
Culture Characteristics 

in One Idea 
User  

Engagement 
Attribute 

Average Number of 
User Engagement  

Attributes in One Idea 
Control 
Group 

Experimental 
Group 

Control 
Group 

Experimental 
Group 

Symbol/Object 1.5 0.75 
Focused 
Attention 

0.28 0.55 

Behavior 0.17 0.78 
Perceived 
Usability 

0.28 0.85 

Rite/Ritual 0.06 0.39 Aesthetics 0.11 1 

Value 0.44 1.65 
Endurability 0.06 0.56 

Involvement 0.28 0.78 
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Fig. 3. Frequency distribution for the dimensions of user engagement addressed in participants’ 
selected sketches 

6 Conclusions 

The purpose of this study was to develop a cultural model from the perspective of 
Symbolic Interactions. To engage users into an intended culture and product usage, 
our model suggested designers integrating user engagement attributes, as well as cul-
ture characteristics located at the level of “Symbols/objects” and those at other levels 
into product design. This study conducted a case study on tea cup design to demon-
strate the effectiveness of the model. Results of the study showed that participants 
who were presented with the cultural design model addressed higher number of tea 
culture characteristics in their design, especially from the levels associated with cul-
tural behavior, rites, rituals, and values. Participants who did not receive the cultural 
design model seemed to generate ideas from symbols and objects used in the tea cul-
ture, with less emphasis on tea cultural characteristics located in other levels. Results 
of the study also showed that our cultural design model inspired participants to inte-
grate user engagement attributes in their product design features and usage.  

In this study, we do not contend that a design idea has to address all cultural cha-
racteristics identified in the cultural design model, meaning that the number of cultur-
al characteristics used in a design cannot be used to determine the quality of a design. 
However, we did find that, when selecting ideas, participants preferred ideas address-
ing a larger number of tea culture characteristics. The outcome of the study is limited 
with the amount of time given to participants to understand the tea culture and to per-
form design activities in demonstrating the efficacy of the cultural design model. Fu-
ture studies are needed to address the limitations. It is our hope that through this 
study, the methods and tools for designing for culture can be advanced. 
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Abstract. People with disabilities often have difficulty using ICT and similar 
technologies because of a mismatch between their needs and the requirements 
of the user interface. The wide range of both user abilities and accessibility 
guidelines makes it difficult for interface designers who need a simpler accessi-
bility framework that still works across disabilities. A modality-independent  
interaction framework is proposed to address this problem. We define modality-
independent input as non-time-dependent encoded input (such as that from a 
keyboard) and modality-independent output as electronic text. These formats 
can be translated to provide a wide range input and output forms as well as sup-
port for assistive technologies. We identify three interfaces styles that support 
modality-independent input/output: command line, single-keystroke command, 
and linear navigation interfaces. Tasks that depend on time, complex-path, si-
multaneity, or experience are identified as providing barriers to full cross-
disability accessibility. The framework is posited as a simpler approach to wide 
cross-disability accessibility. 

Keywords: Cross-cultural product and service design, disability, accessibility, 
framework, input, output, interaction, user interface, modality independence. 

1 Introduction 

Information and communication technologies (ICT), and other devices and systems 
with ICT-like interfaces, are widely used for work, education, entertainment, and 
daily living. However, many people with disabilities find it difficult or impossible to 
use these systems for a variety of reasons [1]. This difficulty is frequently a result of a 
mismatch between the user and the task or between the user and the interface. For 
many ICT systems, the interface is the only barrier to completing a task for a user 
with a disability. If the user instead had an interface that fit his or her needs, the same 
task could be completed successfully.  

Designing accessible interfaces can be challenging because many factors must be 
considered. First, the specific needs, characteristics, and abilities of people with dis-
abilities are very diverse [2]. A second factor is that not all accessibility strategies can 
be used in all design contexts. For example, accessibility may be provided in some 
software by using established accessibility application programming interfaces 
(APIs), which work with a user’s assistive technology (AT). However, other systems 
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have closed functionality, where particular functionality can only be accessed through 
the built-in user interface. With closed functionality APIs cannot be utilized, so these 
systems must provide a built-in, directly accessible interface to the user.  

A third factor is the many accessibility standards, regulation, guidelines, and pub-
lished lists of strategies for ICT [3–5]. Two key accessibility regulations in the United 
States that a designer needs to understand are the Accessibility Standards of the 
Americans with Disabilities Act and Section 508 of the Rehabilitation Act of 1973. 
Many other countries have similar types of accessibility legislation in place or under 
development. The International Organization for Standardization has a number of 
standards that relate to accessibility, including ISO 9241-20:2008 (ICT accessibility 
guidelines), and ISO 9241-171:2008 (software accessibility). The Web Content Ac-
cessibility Guidelines (WCAG) 2.0 are accessibility guidelines for web content and 
applications, but also are being cited as guidance for non-web software and content 
[6]. In addition to the standards and regulations, there are a number of books, chap-
ters, and articles available on accessibility. 

The documents and accessibility standards listed above, and others like them, pro-
vide accessibility guidance or regulations, but are complex with many detailed provi-
sions that require time and study to understand. The volume and complexity of the 
information can be overwhelming to new designers or designers new to accessibility. 
It is difficult for these designers to prioritize accessibility so that the most important 
features are addressed first [2] and to identify strategies that can address multiple 
requirements simultaneously. 

To facilitate the incorporation of accessibility into the design process, designers 
need a simpler accessibility framework. In this paper, we describe a framework of 
basic modality-independent interaction that can be used to more simply understand 
and address the needs of people with physical and sensory disabilities ranging from 
mild to severe for many contexts. In this framework we define modality-independent 
input and output channels and suitable interface styles. With modality-independent 
interaction, a user can interact with an interface using any input or output modality 
that fits his or her needs. The input, output, and interaction may be provided by the 
system itself or through a user’s AT. The model is not meant to replace comprehen-
sive accessibility guidelines, but to provide a simpler way to address basic access. 

Modality-independent input and output channels have been considered before and 
are the basis for many of the current accessibility guidelines. On the output side, the 
information must be available to AT in modality-independent form or in a form that 
can be easily converted to a modality-independent form in order to allow AT to 
present information in different modalities to fit the user [7] (this concept is also re-
flected in WCAG 2.0 Guideline 1.1 [8]).  

On the input side, modality-independent input (or an input method that can easily 
be translated across modalities) is also required. Guideline 2.1 from WCAG 2.0 [8] 
requires keyboard input to address this need for web content. In this paper we extend 
these input and output concepts to more types of systems.  
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2 Modality-Independent Interaction Framework 

In developing the framework of modality-independent interaction, we considered the 
needs of users without disabilities and the needs of users with sensory or physical 
disabilities ranging from mild to severe. The most severe sensory disabilities consi-
dered were people who are completely unable to see, unable to hear, and unable to 
both see and hear. The most severe physical disability we considered was where 
people have control over only a single customized switch.  

In order to be accessible, a system must have accessible input, output, and interac-
tion. These can be transformed into a wide range of forms to fit many users’ needs.  

2.1 System Input 

In order to operate an interface, the user must provide input to the system. However, 
people with physical disabilities may be precluded from using various input devices. 
To be controllable by a wide range of users, systems must accept modality-
independent input, which can be provided by a wide variety of input devices. 

We define modality-independent input as non-time-dependent encoded input. 
The type of input depends on the capabilities of the system, but must be in a standard 
format that can be emulated by AT over a standard connection. For computer and 
mobile-device operating systems, encoded input is keyboard entry using the standard 
human interface device drivers over USB or Bluetooth. Other examples of encoded 
input include DTMF tones used by touchtone interactive menu systems and Baudot 
tones used with text telephones (TTYs). Depending on the interface style, the encoded 
input might be a subset of that which is accepted by the system. For an interface that 
requires text input, the encoded input is all of the characters available in that lan-
guage. For a more limited interface, all interaction may be available using just a few 
keys (e.g., Shift, Tab, and Enter).  

Modality-independent input can be generated through many methods including 
physical keyboards, Morse code using switches or sip-and-puff [9], chordic keyboards 
(including Braille keyboards), speech recognition, handwriting recognition, gestures, 
brain-control interfaces [10], eye or other body movements, or any type of pointing or 
scanning in combination with a real or virtual keyboard/keyset.  

It is important that input not depend on time for several reasons. Some people have 
difficulty generating specific movements within a particular time span while others 
need additional time to plan their movements in advance. Generating input with a 
limited number of switches can take a significant amount of time. Single-switch scan-
ning methods are all time-dependent and customized to the users’ abilities. Scanning 
methods cannot generate input at any arbitrary rate for time-dependent interfaces. 

2.2 System Output 

In order to perceive the output and feedback from a system, the output needs to be 
available in a modality that each person can use. Modality-independent output can be 
transformed or translated into forms that fit the user’s needs and abilities. 
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We define modality-independent output as electronic text. To be completely ac-
cessible, the electronic text output must convey all of the information necessary for 
full interaction. To work with AT, the system must transmit the text over a standard 
connection in a standard format. The exact connection and format depends on the 
system capabilities and content language. Simple ASCII character encoding is suffi-
cient for English text, but other encodings may need to be used for other languages.  

Electronic text output can be transformed into a wide range of accessible output in 
different modalities. Text can be transformed into speech, provided on a braille dis-
play, or rendered in a user’s preferred font size, color, and typeface. Electronic text 
can also be translated with varying degrees of success into other languages, including 
sign language presented by computer-generated avatars [11].  

The presentation of system output could be improved by adding semantic or mod-
ality-specific markup to the text. Semantic markup describes the underlying meaning 
of content, which could potentially be provided in different ways for different users. 
Modality-specific markup defines the presentation of content, for example, the exact 
pronunciation of a name or the font of text. While additional markup may improve the 
user experience, plain electronic text is the minimum required for modality-
independent accessibility. 

2.3 Interface Styles 

Accessibility relies not only on accessible input and output channels, but also on a 
suitable interface style. There are a wide variety of interface styles including direct 
manipulation, immersive environments, menu selection, form fill-in, command line, 
and natural language interfaces [12]. However, some interface styles do not translate 
well into other modalities. For example, in a visual direct manipulation interface the 
relationships and commands represented through spatial arrangement or pointing 
gestures are difficult for many people who are blind.  

We have identified three general categories of interface styles that are well-suited 
to modality-independent interaction: command line, single-keystroke command, and 
linear navigation interfaces. As much as possible, interfaces should be designed so 
modality-independent input or output can be used independently or together. For ex-
ample, a person might like to see the interface on a kiosk’s full screen (modality-
dependent output), but interact with modality-independent input using a set of custo-
mized switches on his or her wheelchair.  

Command Line Interface. With a command line interface, the user submits a string 
of characters or text to issue commands. Such commands might range from the highly 
structured format of a command language to natural language input. The acceptable 
text input depends on the interaction context. The text could be entered using input 
hardware on the system or through the modality-independent encoded input channel.  

Single-Keystroke Command Interface. With a single-keystroke command interface, 
commands are issued in direct response to a keystroke or combination keystroke. 
Users do not have to submit the text or command as they do with a command  
line interface. Many common computer keyboard shortcuts are examples of  
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single-keystroke command interaction (such as pressing Ctrl/Cmd+C to copy). To be 
accessible, the user must also be able to execute combination keystrokes in a serial 
manner, such as through Sticky Keys. 

Linear Navigation Interface. With a linear navigation interface, users linearly navi-
gate the elements of a screen by moving a highlight or focus cursor. Once on a desired 
element, they activate or otherwise interact with it. By default, the focus should be 
navigable to all elements and wrap with notification at screen boundaries. 

At a minimum, the encoded input channel must accept two commands that can be 
provided with a single switch: Next-element and Action (which on a keyboard might 
be the Tab and Enter keys, respectively). A third command, Previous-element, is 
strongly recommended because many users can then step back to an element rather 
than having to wrap. As much as possible, elements should be fully operable with 
only the Next-element and Action commands. This allows a switch user to interact 
with elements without changing to full keyboard mode. Elements with more complex 
interaction (e.g., text entry) should accept more input from the encoded input channel. 

To simultaneously meet the needs of people with different disabilities, there are 
some navigation compromises. Linear navigation must be provided by default be-
cause it allows a person to traverse all elements along a single dimension, like moving 
down a list. This makes it easier to search non-visually for an element and to navigate 
with limited switch input. Another compromise is the level of navigation. People need 
to perceive all elements, so navigation should move to every element (both interactive 
and non-interactive) by default. This may be an inconvenience for people with physi-
cal disabilities (who may want to navigate only to interactive elements) or for more 
advanced users (who may want to navigate at different hierarchical levels; e.g., navi-
gating by heading and then switching to element-by-element navigation). To enhance 
the interface, different modes of navigation might be supported, but for modality-
independent interaction the requirement is for linear navigation to all elements. 

3 Discussion 

In the proposed modality-independent interaction framework we outline a simpler and 
more holistic approach to providing basic accessibility across disabilities than by 
trying to follow a myriad of accessibility provisions in regulations and guidelines. 
Designers only need to focus on providing quality modality-independent input, out-
put, and interaction (through appropriate interface styles).  

In this section, we discuss the trade-offs associated with different interface styles 
regarding usability. Additionally, the proposed framework has limitations related to 
tasks that are inherently inaccessible and the current state of technology. We conclude 
this section with a discussion of the benefits and uses of the framework. 

3.1 Interface Style Considerations 

Different interface styles may be suitable for different types of devices, tasks, and 
contexts of use. To determine the most suitable interface style, a designer must  
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balance an interface’s efficiency with the cognitive and memory demands imposed on 
the user. Designers should consider providing multiple interface styles in parallel so 
that users can pick that which fits them best. For example, an interface could allow for 
touch screen use, navigation, and provide direct keyboard shortcuts for efficiency. 

Interface Efficiency. An efficient interface can reduce frustration and increase prod-
uctivity. Efficiency is a function of the interface, the user’s abilities, the method of 
input, and the output provided by the interface.  

Input. Input that is most efficient varies widely between users and tasks. While direct 
single key entry can be very efficient, a large number of choices may be out of the 
range of motion for a user. Command line input can be efficient for large sets of 
choices or functions if the user can generate text fairly rapidly, but can be extremely 
slow if text entry is slow. Navigation might be faster for people who have slow text 
entry but slower for someone who can enter text quickly. Input efficiency is only one 
aspect of overall interface efficiency. Users must also receive output from the system, 
which may be more or less verbose. 

Output. Interfaces with more electronic text output are less efficient to use because 
users must take more time to read or listen to the output. The amount and type of 
output to be provided depends on both the anticipated users and the interface style.  

With both command line and single-keystroke command interfaces, text output 
may range from menus of commands to a simple prompt. A prompt may be efficient 
for an expert user who has memorized many commands or for systems that process 
natural language input. However, many users of such interfaces require more than 
prompts. They may need an explicit menu of the available options (for example, “To 
make a payment, press 1. For your balance, press 2….”) or a method to get help, do-
cumentation, and instructions at any time.  

For a linear navigation interface, the output is a text representation of the element 
that is in focus, giving its purpose in the interface. Such text should include important 
information necessary for operation; for example, the element’s type or role, its cur-
rent status, how it relates to other elements in proximity, etc. Since one is only receiv-
ing system output for a single element at a time (for example, “Payment, button” or 
“Balance, button”), this can be more efficient than systems that present menus from 
which a user must choose.  

Cognitive and Memory Demands. Interfaces place cognitive and memory demands 
on users, some of which may make a particular interface style unsuitable. For exam-
ple, interfaces that require significant memorization of commands or keystrokes are 
unsuitable for novice users and for public kiosk implementations. 

Linear navigation places relatively low memory demands on users because users 
navigate lists of options. When on an element, the user only needs to decide yes or no 
and then activate it or move to another one. However, navigating and then selecting 
may be more cognitively difficult than directly selecting a desired element [13]. 
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Command line and single-keystroke command interfaces allow a user to directly 
select a choice, but people must know the desired command(s). This involves memo-
rizing commands, reviewing help documentation, or carefully listening to or reading a 
menu of options and associated commands. Single-keystroke commands that seem to 
be arbitrarily assigned may be more difficult to remember than command line input 
that uses familiar words or phrases. Natural language interfaces may be easier to use 
because they do not require as much learning and memory as other more structured 
command formats. 

3.2 Task-Related Limitations 

There are limitations to the proposed framework that are inherent to tasks. In these 
cases, changing the interface would be insufficient for accessibility; the task itself 
would need to be fundamentally changed to make it accessible across disabilities.  

It is important to note that tasks with such limitations are not automatically inac-
cessible to all people with disabilities. Instead, such aspects represent barriers to uni-
versal accessibility for some people who have physical or sensory disabilities. 

Time-Dependent. Tasks that depend on time can be difficult or impossible for people 
who interact with or perceive information from systems slowly. It might take the per-
son extra time to move, manipulate, or control an interface. Some people may take 
more time to navigate and find the option they want. Getting information in some 
modalities is inherently slower than looking at a screen and reading text. 

Examples of time-dependent tasks are real-time events such as participating in an 
auction or operating a motor vehicle. Other tasks may have prescribed time limits, 
such as taking a standardized test. Multimedia is inherently time-dependent. Finally, 
many tasks are implicitly time-dependent because people must meet some level of 
productivity and complete tasks in an efficient, timely manner. 

Complex Path-Dependent. It can be difficult for people with sensory and physical 
disabilities to create, trace, or follow a path. A path often takes place in spatial dimen-
sions but may have other dimensions as well (e.g., continuous pressure). While it 
might be technically possible for a person to define a set of points along a path, such 
input is inefficient and may be inaccessible for practical reasons, especially with long, 
complex paths. Some people have difficulty with path input because they cannot see 
the path they are creating or other paths that may already be displayed.  

Some tasks require complex path input, such as using a drawing application. Many 
tasks that require manipulation of a device or interface are path-dependent, for exam-
ple aiming a camera to scan a barcode requires manipulation in three dimensions. 
Some path-dependent tasks can be fundamentally changed so they do not require path 
input. For example, the act of driving a vehicle is a time- and path-dependent task, 
whereas entering a destination into an autonomous vehicle is a text entry task. 

Simultaneity-Dependent. Tasks that depend on simultaneous perception and/or opera-
tion can be difficult for some people with disabilities. People who must use a  
single body part or implement to activate all controls would have difficulty with any 
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simultaneous input. Because of limits to attention, simultaneous output can be difficult 
for everyone to monitor, follow, or track. People with sensory disabilities may have 
additional problems because of limitations of the output modality they need to use. 

Some tasks require a person to be able to perform simultaneous actions. Playing a 
piano involves pressing keys simultaneously to play chords. Other tasks require a 
person to perceive simultaneous streams of information. For example, it is difficult to 
listen simultaneously to a teleconference and a screen reader reading a related docu-
ment. Reading subtitles or captions might be difficult if the text is replaced quickly 
and one is also trying to follow fast action or visually displayed information. 

Experience-Dependent. An input or output experience may be so much a part of a 
task that changing the experience would be a fundamental change to the task. Users 
who cannot perform the particular input required, or perceive the output, will be prec-
luded from the experience and the task. There may be ways of providing equivalent 
functionality and access, but that is not the same as providing the same experience. 

Some tasks require a person to be able to perform specific actions. For example, 
games may have gesture-based controls where making the gesture is part of the gam-
ing experience. Changing the input would fundamentally change the game. Biometric 
security devices require a person to scan a body part that he or she might not have or 
might not be able to present to the scanner. 

Additionally, some tasks require a person to be able to perceive information in a par-
ticular modality. For example the full experience of viewing artwork, watching a movie, 
or listening to music cannot be simply replicated in a different modality or in text. There 
are many types of statistical graphics and data visualizations that require visual pattern 
recognition in order to quickly see trends or patterns that might not be apparent from the 
raw data. While the meaning or interpretation of some simple data visualizations can be 
presented through text, there is not always a clear way to provide more complex data 
visualizations in other modalities. If the modality of the information presented is impor-
tant to its meaning, then the information is experience dependent. 

3.3 Current State of Technology 

In the current state of technology, there is not yet a good, single protocol for AT in-
terconnection. Current input hardware AT typically uses standard human interface 
device drivers on serial or USB ports. Output to hardware AT relies on specific device 
drivers and standard system connections. If AT supported a standard electronic text 
format, device drivers would not be necessary. In order to have cross-disability access 
to people who can bring their own AT, standards would need to be adopted or devel-
oped. Even without a universal AT connection standard, the modality-independent 
interaction framework is still useful today. 

3.4 Benefits and Uses of the Framework 

The modality-independent interaction framework can be used for a number of purpos-
es. Those developing new accessibility APIs or accessible systems can use it to ensure 
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that people with severe disabilities have sufficient interaction (for example, cross-
disability navigation interfaces need a concept of element focus). The framework is 
particularly useful for designers who need to provide built-in accessibility. Those 
designing devices that are traditionally closed to AT could potentially make systems 
fully accessible to people with sensory and physical disabilities through only a simple 
connection. Even on completely closed devices where AT connections are not al-
lowed, the framework could help designers focus on the important characteristics of 
the interface, such as what output text is important and what limited interaction must 
be supported. For example, the important text output could be provided in speech 
output for people who are blind, and navigation could use a simple button set that 
could be used by many people with physical disabilities. 

With the framework, designers only need to design one cross-disability accessible 
user interface for a very wide range of disabilities. It is true that such cross-disability 
access is not optimized for any particular user or disability category, but providing a 
set of disability-optimized interfaces would take significant resources for develop-
ment and maintenance. Some of the compromises inherent in a cross-disability inter-
face could be eliminated through user profiles or settings. Moreover, considerations 
about efficiency or optimization may not be as important for simple public devices, 
like a check-in kiosk. 

4 Conclusion 

In the future, a person might come up to a kiosk in a wheelchair with his AT software 
running on a tablet. Using near field communication, he could establish a wireless 
connection to the kiosk. After connecting, he could then look at the kiosk’s screen and 
use the joystick on his wheelchair to navigate the screens and make selections. 
Another user, who is blind, could go up to the same kiosk and pair her smart phone 
with the kiosk. She might use swiping gestures on her smart phone to navigate the 
kiosk’s modality-independent interface. For each item on the screen, the kiosk would 
transmit text to her smart phone, which would speak to her privately through head-
phones. 

For tasks that do not have inherent barriers to accessibility, the proposed frame-
work simplifies accessible interface design and facilitates a wide range of accessibili-
ty. Additionally, the framework helps designers avoid having to create many separate 
modality-specific interfaces to meet diverse user needs. 
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Abstract. A new aspect of the VUI design for improving user experience in 
human-robot interaction is proposed. By leveraging on behavioral analysis, we 
attempt to identify user’s ethnic group from his speech. A preliminary study on 
Chinese nationals, Singaporean, and Japanese showed that different ethnic 
group display different speech pattern. However, across ethnic groups, the 
spoken style of users with same personality does not differ much. Within each 
ethnic group, speech pattern of users with different personality can be different. 
We affirmed that personality influences speech and it can be determined in 
spoken communication. 

Keywords: Voice User Interface, VUI, Human-Robot Interaction, HRI, 
behavioral analysis, personality, speech, multi-cultural communications, 
MySQL, PHP. 

1 Introduction 

Many people envisage that a robot can undertake challenging, or unpleasant tasks for 
them. However, the development in social robotics has not been able to deliver up to 
that expectation yet. According to Kirkpatrick and Fisher [1], the development of the 
robotics market closely resembles that of the personal computers market. The 
challenge still lies in the area of artificial intelligence and human-robot 
communications that would allow robots to be easily used by people.  

In this paper we propose a new aspect of the Voice User Interface (VUI) design, 
which can be considered for improving the user experience during human robot 
interaction, namely to design a robot that can identify a user’s ethnic group from the 
user’s speech, and communicate with the user by leveraging on behavioral analysis. 
We present a preliminary study to discover the speech pattern of three ethnic groups, 
namely Chinese nationals, Singaporean, and Japanese, and study them with respect to 
their personality.  

Multi-cultural communication is a challenging issue [2]. Programming a robot to 
recognize speech pattern of people of different ethnic group and personality would 
allow the robot to recognize and respond to the user more accurately, hence 
improving the efficiency and quality of human-robot communication. The claim can 
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be tested to develop voice animated virtual robot or personal robot for entertainment, 
education or even healthcare. The personal robot market in these areas has been 
forecasted to be a growing market of good ROI potential [1]. If the proposed design 
option could enhance user experience, it should improve user acceptance of social 
robots, and thus a significant achievement of the research project. 

2 Method and Materials 

2.1 Human Subjects 

We invited students of age between 12 and 18 years old in Singapore to participate in 
this study. We managed to contact and engage 65 students as our human subjects. 
They comprises: 

─ 25 Japanese (7 introverts, 18 extroverts) 
─ 22 Chinese nationals (14 introverts, 8 extroverts) 
─ 8 Singaporean (11 introverts, 7 extroverts) 

The participants were selected based upon their cultural backgrounds needed for this 
study. The Chinese nationals and Japanese participants must not have stayed in 
Singapore for more than 2 years, so as to ensure that they were still having their 
strong cultural essence from their own countries and have not been influenced by the 
Singaporean culture. By setting this criterion, we hope to ensure that the final result 
can be accurate and there was no cross cultural effects and bias. 

We have both male and female human subjects, and they are identified by their 
cultural background and personality in this study. Their personality was determined 
using the DISC psychometric tool to perform human behavioral analysis. Prior to 
conducting the experimentation with the human subjects, approval was obtained from 
an institutional review board. Consent forms were given to the participants and 
approvals were sought from their parents/guardians. 

2.2 Information Management 

To ease data collection, data astorage and data analysis, an information system was 
designed and developed using PHP scripting and MySQL (see Figs. 1 and 2). The 
system has an administrator user interface. This controlled access to the sensitive 
information collected from the human subjects that are being stored in the database of 
this system for this study. 
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Before the experimentation started, the students registered themselves through the 
information system created, and they were explained on the objectives and details of 
this research project.  

In order to know the human subjects’ personality types, we performed the DISC 
behavioral analysis on them. The DISC assessment codes were sent to the Chinese 
nationals and Singaporeans via email and their assessments were done online. For the 
Japanese participants, as reading English was a challenge for them, we translated the 
personality assessment into Japanese language to ease their reading and 
understanding.  We assume there is no effect for the different cultural group to use 
different type of the assessment, since it was a standard psychometric tool that they 
were using. From this exercise, we could therefore classified the human subjects into 
Extrovert and Introvert users. 

During the experiment, the following questions were posted to the 65 participants: 

1. What do you like to do in your free time? 
2. What subjects do you like? Feel free to explain why. 
3. How long do you spend on the computer in a week? 
4. What genre of books do you read? 
5. What is your opinion on the popularity of K-pop? 
6. Do you have any complaints regarding your school system? 
7. Would you please describe your country’s culture? 
8. How do you manage you schoolwork and other commitments? 
9. What do you think of school students attending school with cosmetics/make-up 

on? 
10. If money is not an issue, what would you like to buy or do? 

By answering these questions, we recorded and observed the spoken styles of each 
individual with respect to his or her personality and cultural background to do further 
analysis.  

3 Data Analysis 

The interviews were recorded using video cameras and audio phones. The following 
speech patterns were guide for us to perform the data analysis: 

1. Length of speech and pauses  
2. Length of responses 
3. The common fillers used and frequency of usage 

 
Tables 1 and 2 below present the results after analysis. 
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Table 1. Speech patterns results of the introverts and extroverts of Chinese nationals, 
Singaporeans and Japanese participants 

 
Chinese nationals Singaporeans Japanese 
I E I E I E 

Length of  
response/s 

102 87 75 71 29 29 

Length of  
pause/s 

35 26 34 18 22 22 

Length of 
speech/s 

67 61 41 53 7 7 

Percentage 
of  
time spent on 
speech/ % 

66 70 55 75 59 59 

No. of  
fillers used 

8 12 8 8 1 2 

I: Introvert ; E: Extroverts 

Table 2. Analysis on fillers from the experiment 

Speech Pattern Chinese 

nationals 

Singaporean  Japanese 

Length of answer/s long medium short 

Top 3 fillers used 1 ‘Like’ ‘err…’ ‘eetto’ 

2 ‘yeah’ ‘oh’ ‘ma’ 

3 ‘ah’ ‘like’ ‘ssii’ 

4 Results and Discussion 

It was found that different human subjects exhibit different speech patterns. 
Participants of the same cultural group tend to display similar speech patterns despite 
personality difference.  

For Chinese nationals, if the length of response, length of pause and length of 
speech is generally long, yet if the number of fillers used is generally few, s/he may 
be a Chinese introvert. To further confirm the personality, Chinese introvert should 
have more discontinuous eye contact than continuous eye contact. We also found that 
the Chinese can be identified as an introvert if s/he has fewer tendencies to fold 
hands, wave and touch hair. However, if the length of response, length of pause and 
length of speech is generally short, yet if the number of fillers used is generally more, 
he or she may be a Chinese extrovert. To further confirm the personality, Chinese 



 “I Know U” – A Proposed VUI Design for Improving User Experience in HRI 233 

extrovert should have more continuous eye contact than discontinuous eye contact. 
We can also further identify the Chinese as an extrovert if he or she has a greater 
tendency to fold hands, wave and touch hair. 

For Singaporeans, if the length of response and length of pause is generally long, 
but the length of speech is moderate, he or she may be a Singaporean introvert. To 
further confirm the personality, Singaporean introvert should have more 
discontinuous eye contact than continuous eye contact during the speech. We can also 
further identify the Singaporean as an introvert if he or she has fewer tendencies to 
fold hands, wave but a greater tendency to clench hands together. However, if the 
length of response and length of pause is short, but the length of speech is long, he or 
she is potentially a Singaporean extrovert. To further confirm the personality, 
Singaporean extrovert should have more continuous eye contact than discontinuous 
eye contact during the speech.. We can also further identify the Singaporean as an 
extrovert if he or she has a greater tendency to fold hands, wave but fewer tendencies 
to clench hands together. 

Within each ethnic group, we have also observed that the speech pattern (i.e. 
speech and pauses) of the introverts and extroverts can be different. However, across 
ethnic groups, there is little difference in terms of the speech patterns of the speakers 
of same personality type. We therefore affirmed that personality influences speech [3] 
and can be determined in spoken communication [4]. Language is a vehicle of 
personality and effective speech goes hand in hand [5].   

We would therefore like to propose a VUI design that makes a robot appear to be a 
smart pal to consumers. The underlying principle is that the robot knows the user (see 
Fig. 3), and the user can establish a close and trust-worthy relationship with the robot. 
The robot is able to identify speaker’s ethnic group and personality, and the robot 
could be more competent and efficient in communicating with the user, allowing the 
user to have a better user experience through the interaction. 
 

 

Fig. 3. Proposed “I Know U” VUI Design to Improve User Experience in HRI 

5 Future Directions 

A new aspect of the VUI design for improving user experience in human-robot 
interaction has been proposed in Fig. 3 above. In conclusion, people of different 
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culture and personality displayed different speech patterns and behaviors, such as 
body movements and eye contact, when communicating. We hope to continue this 
study by investigating into more aspects of human communication through 
interviews. We could also research more deeply into the language and communication 
aspects in different Asian cultures and interview more participants from different 
Asian cultures. Further studies can be carried out to investigate the other factors 
affecting speech patterns besides personality and culture, such as gender, age, etc. and 
we could use more elaborated analytical methods. Last but not least, we hope the 
proposed VUI could be put into place, and more insights can be captured from the 
human-robot interaction to increase the productivity and user-friendliness of the 
personal robot market. 
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Abstract. In an increasing global market place, UI designers are faced with the 
challenges of offering usable products and services to an enormous variety of 
users in different cultures. So far, the researchers involved are mostly from 
anthropology, sociology and computer science. They try to develop or evaluate 
the usability of products in different cultural contexts. However, their re-
searches concentrate on the technical and evaluative level. The field lacks a sys-
tematic theory or principle: how can we convert these research results directly 
to certain tool or framework which can be used by designers directly. In this 
paper, we summarized previous researches on culture models and cultural 
markers, conducted an expert review to organize cultural design issues, and 
proposed a cross-cultural design element framework which can be directly re-
ferred and used by designers when designing products for a certain culture. 

Keywords: Cultural Factor, Internationalization and Localization, UI Design 
Elements. 

1 Introduction 

Culture is and always has been a very abstract and complicated concept. It has various 
meanings to various people with various backgrounds. There are many different pers-
pectives of culture in the literature, but there is no agreement on a specific, common 
definition of culture. Some examples of such definitions are: Culture is conceptua-
lized as a ‘system of meaning that underlies routine and behavior in everyday working 
life [1]. Culture includes race and ethnicity as well as other variables and is mani-
fested in customary behaviors, assumptions and values, patterns of thinking and 
communication style [2]. Culture is ‘the collective programming of the mind that 
distinguishes the members of one group or category of people from another, where 
the mind stands for thinking, feeling and acting, with consequences for beliefs, atti-
tudes and skills [3]. Different cultural models can be derived from different perspec-
tives. These cultural models serve as a starting point as described by, for example, 
Hofstede (1996) Edward Hall (1989), Trompenaars (1993),Victor (1992) . 
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However, although many researches, such as semiotics research in HCI (Bourges-
Waldegg and Scrivener 1998 [4]) has been used to understand how cultural back-
grounds influence people's interpretation of UI elements, the results of such re-
searches on culture or cultural models cannot be directly used by designers and UX 
experts to produces usable products in a certain culture. One reason of this gap be-
tween cultural research and production is that designers consider concrete details 
while cultural researches usually generate abstract descriptions. For example “ in 
some Asian sites the icon representing home is a pair of shoes, instead of a little 
house” by Fernandez (2000) [5]. Ico-ns and symbols may also have culturally differ-
ent meanings. In studies by Brugger (1990) [6], only 13 percent of Japanese recog-
nized a first-aid symbol based on the Red Cross, and most did not associate the sym-
bol letter ‘I’ as referring to information services. These concrete details are seldom 
addressed by related cultural theories. 

In order to successfully build the bridge between these two worlds, user interface 
designers must increase their knowledge and awareness of cross-cultural differences. 
In this paper, we first summarize the results of existing mainstream cultural re-
searches, and derive UI design elements based on culture markers through an expert 
review, and finally propose a design framework for cross-cultural UI design. 

2 Background – Cultural Models 

In order to give detailed views of the abstractness of culture, a number of cultural 
dimensions have to be identified and emphasized. Different combinations of cultural 
dimensions form different mental models of culture, which then form the basis for the 
development of different cultural theories. Hoft [7] describes four models of culture, 
developed by Hall [9], Trompenaars [10], Hofstede [3],  and Victor [8], which are 
summarized in Table 1. 

Table 1. Cultural models and their dimensions 

Author Focus of Culture Variables identified 
Geert Hofstede [3] Determining the patterns of 

thinking, feeling, and acting 
that form a culture's mental 
programming 

· Power Distance 
· Masculinity vs. 
Femininity 
· Individualism vs. 
Collectivism 
· Uncertainty  
Avoidance 
· Time Orientation 
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Table 1. (Continued) 

David A. Victor [8] Determining the aspects of 
culture most likely to affect 
communication specifically in a 
business setting 

•Language 
•Environment and 
Technology 
•Social Organisation 
•Contexting 
•Authority Concep-
tion 
•Nonverbal Beha-
viour 
•Temporal Concep-
tion 

Edward T. Hall [9] Determining what releases the 
right response rather than what 
sends the right message 

· Speed of Messages 
· Context 
· Space 
· Time 
· Information Flow 
· Action Chains 
 
 

Fons Trompenaars 
[10] 

Determining the way in which 
a group of people solves prob-
lems 

•Universalism vs. 
Particularism 
•Neutral or emotional 
•Individualism vs. 
Collectivism 
•Specific vs. Diffuse 
•Achievement 
vs.Ascription 
•Time 
•Environment 

3 Cultural Markers and Localization 

The term ‘Cultural markers’ was grist coined by Wendy Barber and Albert Badre to 
refer to ‘Cultural markers are interface design elements and features that are prevalent, 
and possibly preferred, within a particular cultural group.’ it is used to define “the inter-
face design elements of the product that reflect the signs and the meanings to match the 
expectations of the local culture. The culture attractors typically comprise of colors , 
color combinations, banners, the use of metaphor ,language clues, navigation controls 
and similar visual elements that together create a ‘look and feel’ to match the cultural 
expectations of the users for a particular domain” (Barber and Badre,1998)[11].  

However, when we consider the cultural markers of a certain culture, the size of 
the population within that culture, and the functional boundary of the culture should 
all be considered. In a general sense, there are 3 important levels of culture, namely, 
Globalization, Internationalization and Localization. Culture Markers may refer to 
different elements when discussing about these 3 levels separately.  

Much of the research in HCI regarding culture and Usability has surrounded the  
internationalization and localization process (Bourges-Walderg & Scrivener1996)[4].  
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Internationalization “seeks to eliminate culture” (Young 2008)[12] by eliminating cultur-
al symbols, religious references, and so on, while localization caters to the needs of the 
local target group and is intended to incorporate local content and functionality (Shannon 
2000) [13] as well as local, context and culture (McLoughlin & Oliver 1999) [14]. Thus, 
in this paper, we focus on the level which has the most variety: Localization as the pur-
pose of cross-culture design is to fit the product in a certain culture of a certain area. 

From a cross-cultural usability perspective, localization refers to the adaptation of a 
product, application or document content to meet the language, cultural and other re-
quirements of a specific target market [15] . A well localized design should look like it’s 
been produced in a certain local culture. In order to do this, a product should adapt to a 
specific language, culture, and expected local “look & Feel”. For example, when localiz-
ing a website interface, possible options include the change of language, time zones, 
currency, local color sensitivities, product or service names, gender roles, and geographic 
examples (Cyr & Trevor-Smith 2004) [16]. Similarly, these issues are very important 
when localizing the UI of any product. Here we summarized cultural makers related to 
Localization mentioned by different researchers in history, as shown in Table 2. 

Table 2. Cultural markers and Localization 

Scholars Cultural Markers  
Brugger 1990 Icons considered international are not neces-

sarily understood globally 
Russo & Boor 1993 Care should also be given to the presentation 

of pictures.Some cultures are very sensitive to 
how human featuresare represented . 

Amara &Portaneri 
1996 

Design to fit the local writing style. e.g. lan-
guages such as Arabic are written right-to-left . 

Dray, 1996 Translation of the menus, boxes, and icon 
text can also be problematic because the length 
of words varies between languages.  

Barber & Badre 1998 Use of color in web design can impact on 
the user’s expectations about navigation, con-
tent, and links, as well as overall satisfaction. 

Callahan 2005 New technical words in other countries have 
to be created by adapting English words or 
creating new ones based on native concepts. 

Choong & Salvendy 
1998 

Using icons versus text for navigation can 
affect error rates and task completion times 
depending on culture. 

Barber & Badre1998 Specific orientations and page placement 
vary by culture 

Duncker 2002 Icons based on metaphors such as the mail-
box, trashcans may be interpreted differently. 

Callahan 2005; del 
Galdo1990 

Cultures vary in how they present numbers, 
time, and dates. 

Dong & Lee  
2008 

The way holistically versus analytically 
minded people scan a web page is different. 
Ordering and arrangement of information needs 
to be considered. 
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4 Cross-Culture UI Design Framework 

4.1 Culture Markers and UI Design Elements 

Culture Markers listed in Table 2 are still abstract and not well organized to be used 
directly by designers. In order to convert these issues into something that is meaning-
ful to UI/GUI/Product designers. We have conducted an Expert Review to summarize 
necessary UI design elements for Cross-Culture products. 

First, we use the widely applied 3 levels of design, namely Function, Interaction 
and Surface, as 3 categories to organize UI design elements. Function is about indi-
vidual level, settings Input method, Tools and etc. Interaction is about Navigation, 
Feedback and etc. Surface is about typographic issues, color properties, visual infor-
mation and so on. 

Second, we selected 17 UI/UX experts to conduct Focus Group Interview to gener-
ate valuable UI design elements for Cross-Culture products. Since different experts 
may have different views toward valuable UI design elements in Cross-Culture design 
based on their knowledge and experience, we selected experts with various expe-
rience to try to combine their perspectives. Selected experts are shown in Table 3. 

Table 3. Selected experts for FGI 

Age Experts Experience 
40+ 1 people 20 years 

30~40 5 people > 5 years 

20~30 11 people < 5 years 

 
During the FGI, selected experts were asked to assign design elements listed in Ta-

ble 2 to 3 levels of design (Function, Interaction and Surface), and propose new de-
sign elements if necessary. The result of expert interview is shown in Table 4. 

Table 4. Cross-Cultural Design Elements 

Category Elements Definition 

Function 

Main/Sub 
Function 

The basic and supplementary features a 
product or service can provide. 

Function Se-
quence 

Process or steps to use a certain function 

Module UI components arranged by its functions 

Interaction 

Input Interac-
tion Style 

Methods of inputting information or 
function 

Feedback(Feed 
forward) 

System’s response when receiving us-
er’s input 

Information 
Architecture 

Information structure of a product or 
service 
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Table 4. (Continued) 

 Label The name of an information unit 
Status Indica-

tion 
The information indicating the status of 

a product or service 

Surface 

Color Main/Sub color used by a product or 
service 

Shape The form factor of a product 
Icon Text/Graphic to execute a certain func-

tion 
Material The texture used by a product or service 
Font The size and form of text used by a 

product or service 
Layout Arrangement of existing objects in a 

product or service 
Sound Audio elements provided by a product 

or service 

4.2 Cross-Culture UI Design Framework 

With the Cross-Culture UI design elements we derived from expert interview, Hofs-
tede’s culture dimension theory can be applied in a meaningful way to product design 
and evaluation, as shown in Table 5. By referring to this framework, designers can 
focus on necessary UI elements of cultural aspects when designing a product or ser-
vice. 

Table 5. Cross-Culture UI Design Framework 

Category Elements PDI IDV MAS UAI LTO 
 

Function 
Main/Sub Function      
Function Sequence      
Module      

 
 

 
Interac-
tion 

Input Interaction 
Style 

     

Feedback(Feed 
forward) 

     

Information Archi-
tecture 

     

Label      
Status Indication      

 
 
 

Surface 

Color      
Shape      
Icon      
Material      
Font      
Layout      
Sound      
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5 Conclusion 

Designing for a certain culture has long been a challenge in design industry. The ab-
stractness of culture seems to contradict the concreteness of design details. Very often 
the cultural difference will reveal when we make a mistake. In this paper, we pro-
posed a Cross-Culture UI design framework by selecting the widely-used Hofstede’s 
culture model and deriving valuable UI design elements through an expert interview. 
In this way, designers can consider and evaluate their design or ideas to judge that if it 
is suitable for a certain culture or not. 

Future studies should focus on evaluating and testing this framework by using it in 
different cultures, such as Korea, China and US, to get designers’ feedback and com-
ments. As a result, a certain design guideline can also be derived from collected data. 
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Abstract. Internationalization is a common practice today in software devel-
opment. In the most basic sense, internationalization is carried out by applying 
localization design guidelines to face language translation, icon representation, 
character sets and so on. However, this practice is mostly intended for design 
purposes, which results insufficient when applying internationalization in huge 
projects and, specifically, through a concrete development process. In this pa-
per, a broader framework is provided in order to ensure internationalization 
through a software development process. To this end, a set of activities and sub-
activities will be presented involving not only design but pre-development, 
analysis, implementation and evaluation issues that need to be considered for a 
right internationalization assurance in international software development. The 
idea behind is to bridge the gap between simple and usual localization activities 
and the user-centered software development process as internationalization as-
surance also helps increase the quality and usability of the software overall. 

Keywords: Internationalization, Localization, User-Centered Development, 
Usability, Software Engineering, Software Process. 

1 Introduction 

In a broad sense, software internationalization is garnering increasing attention from 
both industry and academy. A great variety of approaches have been proposed during 
the last years to deal with international software development aiming at the localiza-
tion of software for use in more than one country. In general, existing proposals are 
mainly based on recommendations and design guidelines that take into consideration 
different aspects such as language translation, icon representation, character sets, 
numbers and currency, time and measurement units, and so on [1-3]. However, inter-
national software development also requires other activities that should be conve-
niently considered and planned in order to systematically create international software 
with an acceptable level of quality. In fact, internationalization is not only related to 
the user interface of the application. Instead, producing international software in-
volves different technical and non-technical activities in addition to those intended to 
design the user interface. This way, internationalization issues should be addressed 
not only in the design and implementation stages of the development, but also in  
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pre-development, analysis and evaluation stages, applying concrete activities to in-
crease the quality of the resulting software through a user-centered development 
process. Among others, the mentioned activities should address issues concerning a 
suitable internationalization plan, multidisciplinary team building and user-centered 
analysis activities based on user, task and context study in order to conveniently sepa-
rate functional and non-functional requirements to produce successful internationali-
zation goals. 

This paper proposes an explicit integration of several internationalization activities 
through a development process intended to produce usable software. To this end, 
specific stages and a set of add-on activities and sub-activities, in addition to the ones 
existing in conventional development processes for usable software, will be provided. 
Proposed sub-activities are intended for pre-development –before software construc-
tion, analysis –to categorize functional and non-functional internationalization re-
quirements, design, implementation, and also evaluation.  

The paper is structured as follow. Section 2 provides related work. Section 3 re-
ports on the main contribution of this paper, that is, the add-on activities and sub-
activities for the internationalization assurance through the proposed development 
process. Section 3 presents conclusions and future work.  

2 Related Work 

Development of international software often requires more than just dealing with 
language-related issues. In fact, it involves special needs of other countries and cul-
tures that have to be taken into account in the context of a software development 
model and not in isolation, as it usually happens. In general, most of the existing ap-
proaches only provide internationalization techniques to be applied when developing 
the user interface [1-3], or explicit relationships between cultural layers and design 
features in general product development [4]. However, little or no approaches have 
been proposed to integrate common internationalization user-centered activities with a 
software engineering process, which is the main strength of this paper. 

Some existing works can be considered of interest to facilitate such integration. For 
instance, one interesting approach to obtain contextual information and requirements 
in early development stages is cultural models [5], [6]. A cultural model compares the 
similarities and difference of two or more cultures by using international variables to 
organize cultural data involving national cultures, corporate cultures, the cultural 
diversity of groups of users, international markets, etc. Cultural information is useful 
to obtain the context of use necessary for early cross-cultural development activities 
[7]. In fact, knowledge about patterns of usage [8] and typical user goals may differ 
radically from country to country, and this information needs to be capture in advance 
to drive the development and design effective usability tests [9]. 

Concerning design, there is a larger number of existing guidelines involving inter-
national concerns. Those facilitate detailed design and implementation of localized 
software and user interface prototyping. To cite a few, Microsoft specifies internatio-
nalization as a combination of world-readiness and localization [10]. World-readiness 
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is a developer task, which enables a product to be used with multiple scripts and cul-
tures (globalization) and separating user interface resources in a localizable format. 
On the other hand, the W3C Internationalization (I18n) Activity [3] includes a work-
ing group on addressing different languages, scripts, and cultures, and providing 
guidelines and specifications to ensure the internationalization of software. Other 
interesting works report on the icon and symbol design issues [11], the general impact 
of culture on the design of the user interface, specific Asian and Arabic concerns and 
the management and production of multilingual documents [1].  

As for evaluation, some existing approaches can be considered useful to be inte-
grated in a user-centered development process, such as the international inspection 
method [12] that involves having people from multiples countries inspecting the in-
ternational software and analyzing whether it would cause any problems in their 
countries of origin. Similarly, the international usability testing [1], [2] involves real 
international users testing the software, or doing it remotely [13] to reduce costs. All 
in all, cultural difference affects user research processes, and thus cultural effects 
should be taken into consideration in user testing [14] 

As for development processes, there are no specific approaches concerning interna-
tionalization. However, this paper proposes a development process model based on 
the usability engineering lifecycle ISO 9241-210 [15], which replaces the ISO 13407 
[16]. In contrast to the ISO13407, the new ISO 9241-210 proposes requirements (not 
recommendations, as in the previous version) for human-centered design activities. 
Such requirements imply to understand and specify the context of use (including us-
ers, tasks and environments), specify the user requirements in sufficient detail to drive 
the design, produce design solutions meeting the requirements, conduct user-centered 
evaluations of these design solutions and modify the design taking account of the 
results. Additionally, the new standard is based on the user experience. This way, the 
process is iterative, the design addresses the whole user experience and the develop-
ment team includes multidisciplinary skills and perspectives, which is well suited for 
international software development involving international stakeholders. 

3 A Process Model for Internationalization 

In order to tackle the development of international applications, the process model 
depicted in Fig. 1 has been proposed. It includes four main activity groups:  

• Pre-development, addressing initial activities of the software project such as 
project planning, management and team building. 

• Development, where development activities take place. This is based on the ISO 
9241-210 iterative process, where the design solution is continuously evaluated 
and validated by the user after implementing the final system. 

• Post-development, including activates related to installation, operation and support, 
and maintenance until software retirement. 

• Integral, mainly related to general quality assurance and documentation activities 
that take place during the whole project.   
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ware development, various initial concerns need to be considered. First, the use of 
quality standards should be stated according to suitable normative such as ISO 9241-
210 to ensure usability and consider an iterative lifecycle with highly user participa-
tion (sub-activity IntA.1.1). Also, there must be specific procedures to manage the 
different international stakeholders involved in the project (sub-activity IntA.1.2) and 
communicate with them successfully. Besides, development team members should be 
selected according to specific internationalization requirements (sub-activity IntA.2.1) 
and assigned specific roles (sub-activity IntA.2.2). For instance, the development 
team needs someone who understands foreign languages and cultures and has a tech-
nical background. On the other hand, it is important to take advantage of the interna-
tional nature of the development team [18] to carry out international inspection when 
necessary. Finally, an internationalization plan should be also defined at the beginning 
of the project for both usability and internationalization concerns (sub-activity In-
tA.3.1), including specific activities through a convenient project scheduling as well 
as intermediate products and evaluations (sub-activity IntA.3.2). 

Table 1. Pre-Development Activity Grouping for International Software Development 

Main Activities Sub-Activities 
IntA.1. Project Management IntA.1.1. Use of software quality stan-

dard for usability ISO 9126 and iterative 
lifecycle ISO 9241-210 
IntA.1.2. Stakeholder management ac-
cording to international requirements 

IntA.2. Team Building IntA.2.1. Members selection according 
to international concerns related to the 
project 
IntA.2.2. Assign specific roles to project 
team members 

IntA.3. Plan Main Activities and Prod-
ucts 

IntA.3.1. Plan internationalization user-
centered activities  

IntA.3.2. Concrete internationalization 
user-centered intermediate products and 
evaluations 

Development Activities (IntB). Table 2 depicts the activity grouping proposed for 
international software development activities and sub-activities. First, a suitable user-
centered development process should be considered in order to integrate internationali-
zation activities with a software process that enables the development of usable interna-
tional software. To this end, the ISO 9241-210 has been considered as a suitable frame-
work to carry through the development of usable and international interactive software 
under a user-centered paradigm. The process model should be conceived as an iterative 
process, including highly user involvement in all development activities in order to 
ensure usability and internationalization at large. The proposed internationalization sub-
activities include the analysis of context of use to obtain cultural variables and identify 
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global information (sub-activity IntB.1.1), as well as the way the user works (sub-
activity IntB.1.2), which can be achieved remotely (sub-activity IntB1.3). Also, con-
trasting information between team members and users is necessary under a user-
centered approach (sub-activity IntB.1.4). In addition, analyzing specific international 
scenarios of use can report valuable information in the analysis stage (sub-activity 
IntB.1.5). Additionally, user requirements elicitation is necessary in order to find out 
and categorize functional and non-functional requirements. This way, the use of human-
computer interaction techniques such as Personas [19], [20] to create specific interna-
tional profiles (sub-activity IntB.2.1) can be useful. Most of the existing bibliography 
encourages interaction design guidelines including cross-cultural issues,  but even 
through these design guidelines are used, specific software requirements should be eli-
cited, those involving functional and non-functional internationalization requirements 
(sub-activity IntB.2.2). For instance, a calculation based on specific currency affects not 
only to non-functional aspects of the application (presentation), but also to functional 
ones concerning operations that must be carried out using a certain currency format. In 
addition, the use of visual techniques to represent and validate requirements is necessary 
as an input for the design stage (sub-activity IntB.2.3).  

Concerning design activities, there have been a great variety of design guidelines 
and techniques that can be applied in this stage (sub-activity IntB.3.2), mostly related 
to language translation, icon representation, character sets, numbers and currency, 
time and measurement units and so on. However, it is necessary to specify some user-
centered activities integrated with the process model, such as the evolutionary proto-
typing (sub-activity IntB.3.1) and the linking to other usability activities that can be 
related to internationalization ones (sub-activity IntB.3.3) . 

With respect to evaluation activities, those should be also considered in order to pro-
vide quality and feedback to the iterative development process. To this end, the use of 
the cultural model previously selected can be useful to evaluate the effectiveness of the 
international user interface (sub-activity IntB.4.1). On the other hand, the international 
inspection (sub-activity IntB.4.2) and the international usability testing (sub-activity 
IntB.4.3) are suitable methods to have a real perception of the internationalization de-
gree of the software. This can be achieved using remote usability testing with users 
living in their respective countries, which reduces testing costs. Also, intermediate 
products should be verified in order to ensure the resulting quality (sub-activity 
IntB.4.4). This happens at all levels, for instance, the translation of all literal strings –
i.e., translation verification testing, normally conducted by a person who knows the 
target language very well. Finally, the validation by international users (sub-activity 
IntB.4.5) in all products should be considered prior to the implementation stage. 

As for implementation activities, aspects concerning the programming language 
(sub-activity IntB.5.1) should be considered to optimize the code and meet the locali-
zation requirements. For instance, fonts and font sizes should be appropriate in  
the target language. Also, string size is important for the translation into the target 
language. Same concerns should be considered for writing bi-directional text, display 
images with localized text, check environment variables such as date, time zone, cur-
rency, etc. In general terms, verified internationalization libraries should be used in 
the implementation stage (sub-activity IntB.5.2) whenever possible to facilitate pro-
gramming and increase the quality overall. Finally, a suitable international user do-
cumentation of the final product must be written and made it easy to understand ac-
cording to the target audience (sub-activity IntB.5.3).     



 Integrating Internationalization in the User-Centered Software Development Process 249 

 

Table 2. Development Activity Grouping for International Software Development 

Main Activities Sub-Activities 
IntB.1. Analysis of Context of Use IntB.1.1. Select a suitable cultural model 

to identify global information, cultural 
bias, metaphors and the degree of locali-
zation necessary 

IntB.1.2. Use of contextual inquiry to 
understand the user‘s work style and 
process 
IntB.1.3. Use of remote techniques to 
capture the user‘s interaction style by 
monitoring his/her behavior 
IntB.1.4. Check interpretations between 
international development team and the 
user 
IntB.1.5. Specify international scenarios 
of use 

IntB.2. Analysis of User Requirements IntB.2.1. Use of human-computer inte-
raction techniques, such as Personas, to 
create specific international user profiles  
IntB.2.2. Splitting of functional and non-
functional requirements according to 
international issues 
IntB.2.3. Use of visual techniques to 
represent and validate requirements with 
international users and team members 

IntB.3. Design and Prototyping IntB.3.1. Evolutionary prototyping fo-
cusing on localization issues 
IntB.3.2. Use of international design 
guidelines and existing international user 
interface design standards 
IntB.3.3. Linking usability and interna-
tionalization design activities 

IntB.4. Evaluation IntB.4.1. Use of the selected cultural 
model to evaluate the effectiveness of 
the international user interface 
IntB.4.2. International inspection evalua-
tion method 

IntB.4.3. International usability testing 

IntB.4.4. Assessment of intermediate 
products  
IntB.4.5. International user validation 
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Table 2. (Continued) 

IntB.5. Implementation IntB.5.1. Use of character encoding and 
environment variables suitable for loca-
lizing the final product  
IntB.5.2. Use of internationalization 
programming libraries whenever possi-
ble 
IntB.5.3. Produce suitable multilingual 
documentation describing the use of the 
final product 

Post-Development Activities (IntC). There are not concrete add-ons involving inter-
nationalization sub-activities for this group of activities. As it mostly depends on the 
type of software, it would be convenient, however, to facilitate the software installa-
tion and distribution to foreign countries, provide international users with the right 
formation to operate the software and carry out the similar aforementioned sub-
activities in the maintenance stage when a change occurs or when a new software 
release is planned. 

Integral Activities (IntD). Also in this case, there are not concrete add-ons involving 
internationalization concerns. It is worth pointing out, however, the importance of 
inter-stage evaluation to ensure a right process model sequence, as well as the inspec-
tions and revisions needed to check the process model’s inputs and outputs and the 
documentation of the project in order to improve its testability and maintainability. 

4 Conclusions 

Software internationalization is an important necessity today. In fact, applications 
should be developed paying attention to international aspects to be broadly used 
around the world and avoid the digital divide. This greatly improves the usability of 
the software overall. On the other hand, a great number of international sales depend 
on the international usability of products. Companies often have a very large propor-
tion of their sales outside their own country. This is the reason why specific activities 
and a concrete process model should be provided, in order to ensure the quality of the 
international software development. This research is concerned with the idea of de-
veloping international interactive software, but also with providing a usability and 
internationality assurance at the same time. To do so, this paper presents a framework 
to integrate specific internationalization activities in a user-centered development 
process, which is the main strength of this research. Specifically, this research sug-
gests concrete activities and sub-activities to plan and develop international applica-
tions, including pre-development activities before software construction, analysis 
activities to study the context and categorize functional and non-functional require-
ments involving internationalization, design and implementation issues, and also 
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evaluation concerns that should be considered to ensure and provide feedback in the 
development model proposed based on a iterative usability engineering process ISO 
9241-210. 

As future work, the next steps to follow will consist in refining some sub-activities 
and incorporate others. In fact, it is planned to specify, for each internationalization 
sub-activity, concrete tasks, techniques, products and supporting tools in order to fully 
prescribe the process model. Another milestone is formally defining the international-
ity quality attribute by specific metrics to be measured throughout the whole software 
process and thus systematically control the internationalization assurance. 
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Abstract. HCI design incorporates usability engineering. However, “usability” 
is often misunderstood as just “ease-of-use” or “user friendliness”. Whereas it 
should be viewed as software quality with respect to the context of use, which is 
a fundamental element in usability studies (cf. [1] and [2]). However, there are 
cases where usability professionals and software engineers do not share the 
same culture and the same perceptive (cf. [3]). Therefore, it becomes mandatory 
to improve the collaboration between HCI (usability) engineering and software 
engineering. This paper looks into the fallacies of product development process 
in practice and draws lessons learned. 

Keywords: HCI, Human-Computer Interaction Design, User Experience, HCI 
Engineering, Usability Engineering, Software Engineering, Product 
Development, Automotive, Lessons Learned. 

1 Human-Computer Interaction Design and Development 
Process  

Within overall product design phase of the product development life cycle, human-
computer interaction (HCI) design plays a very crucial role. User interface and user 
experience have gained the status of one of the main source of differentiation and 
competitive advantage. As key success factors they also contribute in building the 
great brands, e.g. iOS, Android, and so on. 

In a global industry like Automotive, the user interface design and development is 
distributed over various locations inclusive of locations in emerging economies. 
Designing a universal user interface which could give same level of user experience 
and satisfaction to different user groups has always been a real challenge. In user 
interface design specification, it has become essential to take consideration of 
intercultural issues and human factors into account (cf. [4]). Additionally, it does 
almost become necessary to consider the intercultural issues and human aspects 
during each phase of the HCI design process (cf. [5]) as well as of the software (SW) 
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development process. Especially when the user interface design is specified in one 
region and the product is sold in different parts of the world with users having 
different cultural and technical background (cf. [6]). The implementation, nowadays, 
is mostly done completely or at least for major parts in best cost locations (in 
emerging markets) by people with completely different cultural background.  

It is not only necessary to use the empathic design approach ([7]) to identify the 
latent needs of end users; but also necessary to consider the distributed participatory 
(cooperative) design approach involving all the stakeholders (e.g. employees, 
partners, customers, citizens, etc.) inclusive end users ([8]) to make sure the product 
designed meets user needs and is usable. It is also mandatory under current context 
together with having empathic design of the product also to design empathic 
development process. One possibility to reduce the problems and to exploit the 
synergy effects is to establish an integrated product development process.  

The whole product development process could be an integrated process with HCI 
(usability) orientation with collaborating life cycle processes of HCI (usability) 
engineering and software engineering within it. 

2 Need for an Integrated Product Development Process 

Curtis and Hefley (of the Software Engineering Institute) identify three requirements 
for integrating user interface engineering into product engineering ([9], p. 30): 

• "[..] a process needs to be defined for specifying, designing, building, testing, and 
evaluating a user interface. [..]", 

•  "[..] this defined process needs to be integrated with the defined process used for 
developing the remainder of the product (hardware, software, etc.). [..]", 

• "[..] The organization must have an established project management discipline, so 
that it can manage a well-defined process and avoid making commitments that 
even a sound engineering process could not satisfy. [..]". 

Deborah Mayhew has detailed suggestions on appropriate activities for a development 
process that integrates usability tasks into the software development ([10], [11]). 

In sequential product development (cf. Figure 1), the software development 
process shall follow the HCI design process (like in waterfall model, cf. [12]). 

 

Fig. 1. Traditional Product Development Life Cycle (based on [10]) 

Due to very high market dynamics and market demands for shorter and shorter 
time-to-market cycles, the product development has been forced to adapt more and 
more concurrent product development life cycle processes. And, in practice the 
development process contains multiple loops of incremental and iterative 
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development phases. In such a concurrent and iterative product development both, the 
HCI design process and the software (SW) engineering process, do run more or less 
as two parallel life cycle processes and there are feedbacks between the phases of 
both processes (cf. [13] and Figure 2). 

 

     

Fig. 2. Integrated Product Development Process 

In the whole product development there are many stakeholders involved (cf. [14]). 
All these stakeholders like human-factors specialists (ergonomists), interaction 
designers, graphics / sound / haptic designers, software developers and R&D 
engineers, who are all supposed to be HCI specialists, shall work closely with the 
end-user and at the same time also with the customer (product engineering and 
product marketing) (cf. [15]). The whole product development and especially user 
interface development is highly people intensive. People involved do have different 
levels of motivation, creativity and HCI design (usability) orientation (cf. [16]). This 
is even truer of people involved in the distributed development process spanned over 
industrialized and emerging markets. The distributed development process makes it 
mandatory that all the stakeholders must have the same level of HCI design (usability) 
awareness and the whole product development process must have achieved higher 
stage (i.e. at least greater than 3) of usability maturity ([17]). 

3 A Case Study 

It was requested to analyze the current status of a commercial product’s development 
process in a very advanced stage of development (actually just before the commercial 
launch). There were lots of product usability issues, software stability problems and ever 
increasing customer reported errors (some of them not fixed for one and a half years). 
Major shortcomings of overall product development process from product usability 
point of view were result of lack of understanding of usability and erroneous planning. 
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3.1 Missing Common Understanding of “Usability” 

The standard definition of usability is given in section 3.1 of ISO 9241-11:1998(E) as: 
“The extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use.” 
([18]).  

Unfortunately when the product development process is not usability aware, all the 
stakeholders involved in product development have different or wrong understanding 
of product usability. 

3.2 Usability Engineering Activities Not Planned Properly 

Due to budgeting issues, involvement of usability engineering (UE) specialists could 
not be planned (Indian vs. German argumentation style, cf. [19]): Involvement of UE 
specialists could not be planned due to budgeting issues. The minimalistic UE process 
followed was decoupled from SW engineering process. 

The user interface specification was prepared by the function/system-specialists, 
developed for the very first time within the SW development process and finalized in 
the advanced phases of SW development. The user interface specification was 
developed without proper consideration of statutory requirements of various markets 
as well as of expectations of users from various markets and with varying personality, 
culture and technical background. 

The user interface was not designed with usability (in its true sense) in mind. The 
user interface was developed / implemented without human (user) orientation as well 
as without activity (task/usage) orientation. 

Usability tests, if at all, were performed with main focus being on functionality and 
only in Germany. The end user was not involved at all or if involved only during 
certain phases and not throughout the development process as well as not in the initial 
phases (neither in HCI analysis phase nor in HCI design phase). 

3.3 Software Engineering Process Issues 

Apart from above mentioned usability engineering issues there were also other 
specific issues of SW development process.  

In the distributed SW development, the SW development process of best cost 
locations was not at all integrated with the development process of high cost (often 
strategy driving) locations. Specifics are detailed in the following chapter. 

4 Lessons Learned 

Due to the aspects presented above, the inconsistencies of product design from 
usability point of view as well as inconsistencies of the chaotic product development 
process had to be eliminated. Therefore, the following project and process specific 
urgent activities had to be carried out in retrospect. This led to additionally more 
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efforts and costs which could have been save if the recommendations and lessons 
learned presented in the following would have been known and considered in 
advance. This resulted in delayed product launch and reduced return on investment. 
Only through the merciless mission of the task force constituted of highly esteemed 
but very expensive experts, the image of the company could finally be saved. 

4.1 Project Specific 

A structural refactoring of HCI design style guide followed by the SW architecture 
restructuring was taken up. HCI design style guide was updated for interaction 
concept, feedback strategy and overall consistency. 

Application restructuring was done with goals of improving code quality (e.g. 
commenting, coding guidelines, and naming conventions),  architectural quality (e.g. 
modularity, maintainability, extensibility, and testability) and performance quality 
(application task schedulability, application task execution time, system/HMI 
response time, input/key handling algorithm). The application documentation e.g. 
architecture and design documents, were also prepared. Preliminary usability tests 
were performed during design update phase with surrogate users and after 
implementation with end users. 

For system architectural issues/optimizations it was suggested to do system 
performance measurements and analysis. Then, depending on the impact analysis it 
was decided which modifications/improvements must be implemented. At this later 
stage of development it was possible to implement only the low impact architectural 
improvements. Additionally, some graphics resource optimization (e.g. graphics 
layer, icons, fonts, texts, languages, etc.) and graphics performance optimization (e.g. 
graphics rendering, screen transitions, animations, etc.) were also done. Unfortunately 
the amount of improvements carried out had to be restricted to minimum in order not 
to over-escalate budget and timeframe. 

4.2 Process Specific 

It was observed that there is an urgent need of: 

a) integrated product development process with HCI (usability) orientation 
(awareness/maturity) facilitating an effortless collaboration between usability 
engineering (UE) and software engineering (SE), 

b) all stakeholders having to acquire awareness and knowledge about end-users and 
their usage context, 

c) SW engineers having to understand and master HCI design methods and tools, 
d) deploying of better SW architecture/module design methods and tools for 

seamless process integration, 
e) usability (HCI) engineering professionals having to start thinking and working like 

engineers and additionally being able to understand how the technology under use 
and its limitations affect the product’s usability, 
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f) management not seeing usability engineering activities as unessential and 
therefore supporting the usability testing, 

g) setting up correct product usability goals using proper (or to be developed) 
usability testing methods and tools. 

 
Additionally following usability life cycle processes of product development should 
also be strengthened (cf. ISO 9241-210/220).  

Proper project infrastructure is mandatory for enabling better information flow 
between multi-location teams. It also assists in achieving higher levels of integration 
for a multi-location development process (cf. [20]). 

Project management (multi-location / multi-project): as recommended by Curtis 
and Hefley ([9]), an organization must have acquired a high level of capability in key 
process area of international project management (cf. [14]). 

Localization management: it is very important to manage region specific issues 
during the product development. E.g. a specific market’s legal requirement of having 
to display a disclaimer was added just before launch. 
  Personalization management: as a mandatory requirement of internationalization it 
is almost compulsory for each product to have personalization feature (e.g. user 
specific settings). These issues have also to be managed properly during product 
development. E.g. units’ selection options were extended just before launch. 
 Test management was one of the most underestimated activities in the product 
development planning. Usability tests must be planned by project management 
throughout the whole product development process. 

4.3 Product Development Process Review and Process Improvement 

It was a good decision from management to appoint a person who had good 
experience of SW platform as well as of HCI development, who also knew the SW 
development process, methods and tools very well and has the same cultural 
background as the development team at the offshore location. 

As an external consultant to the project that is in advance stage of development life 
cycle, one  

• has to gather a quick overview of current status of the project; 
• must also understand in very short time the SW system – system platform as well 

as the application; 
• has also to analyze the overall development process and especially the HCI 

development process (incl. methods and tools) as well as the SW development 
process. 

 
To support the project’s development team it was necessary to provide onsite 
coaching and consulting in areas such as project management, problem resolution 
management, SW testing, SW construction, SW integration, SW release, etc. as well 
as to provide coaching and consulting of the SW development team for usability 
engineering techniques. 
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5 Conclusions 

The whole product development process must be an integrated process with HCI 
(usability) orientation with collaborating life cycle processes of HCI (usability) 
engineering and software engineering within it. All stakeholders of a product 
development must inculcate awareness and acquire knowledge about usability, user 
experience and HCI design as well as about SW engineering. In other words, the top 
management and the project management must support global HCI engineering and 
SW development teams from the beginning through committing and enabling them to 
use the most appropriate know-how, processes, methods and tools. 
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Abstract. Existing methods are found incapable of meeting the needs in form 
designs of cultural product development and representation, particularly in the 
aspects of cultural identity and spiritual implication. Focusing on cultural prod-
ucts and with an emphasis on decorative forms, this study proposed the “Gestalt 
Layer Construct”, based on the concepts of text, context and gestalt, among 
others. Accordingly, a “Conception Pyramid Method for Cultural Product Form 
Development” is introduced, which consists of six elements, namely Determin-
ing subject and collecting creative content, Selecting and allocating idea com-
ponents, Developing gestalt concept and building gestalt layers, Identifying the 
best gestalt context, Defining storylines and interpreting gestalt concept, and 
Implementing and integrating form components. Through a series of metalwork 
design practices, the proposed procedures were validated and found that it fea-
tures with innovativeness, usefulness, transferability and effectiveness. 

Keywords: Cultural Product, Form Development, Design Method, Gestalt 
Layer, Metalwork Practice. 

1 Introduction 

Designing cultural products is different from designing the traditional, functional, 
and/or high-tech products, as it requires more emphasis on spiritual content, expe-
riences and emotions. In this case, “Form Follows Functions” or function-oriented 
design methods are no longer applicable. Form workers have been influenced by the 
so called “creative industries trends” and unconsciously continued passing on the 
culture through traditional moral messages (for example, bats represent wealth and 
bottles imply safety in Chinese cultural context) to create contemporary art. As for 
cultural product design, a design method that can directly fully interpret cultural allu-
sions or descriptions needs to be developed. Generally, product form is divided into 
functional and decorative forms (Luh, 1996). The functional form emphasizes func-
tions and rational perceptions that relate to a system and logic of the science and tech-
nology, while the decorative form places an emphasis up on culture and emotions in 
affective and spiritual contexts in terms of human thoughts and knowledge related to 
philosophy. Cultural entrepreneurs focus on stories for marketing strategies; in the 
meantime, design trends have evolved from function-driven to user-oriented, which 
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have gradually become a user experience-oriented or user interpretative approach. 
The importance of rational product functions has gradually declined, while the focus 
on affective approach applied on cultural perceptions has significantly increased. The 
main purpose of this study is to propose a conceptual decorative form design method 
for developing cultural products that not only represent but also reinvent cultural  
contents. 

2 Gestalt Layer Construct  

This research applies text as the main body, metaphor, and Gestalt contexts based on 
free creative interpretation from the designers/artists and users/audiences in order to 
propose a method called the “Gestalt Layer Construct” (Figure 1) for developing form 
design within certain creative contexts. There are three main components in this ap-
proach, namely the idea component, the idea sequence, and the Gestalt layer. The idea 
component is located at the bottom (e.g., A, B, C, etc.). The contents of which can be 
derived from the text, such as fictions, poetries, stories, or even images, colors, appa-
rel, photography, music, architecture, and so on. The selection methods include vari-
ous rational and analytical design research approaches and can also be based on the 
designer’s emotions and intuitions. This research focuses on the emotional and intui-
tional method through which designers can freely choose all particular contents from 
the text that touch them the most and can create resonance within the audience as their 
main idea components. 

 

Fig. 1. The Gestalt Layer Construct 

With attribute-oriented associations of the idea components, Gestalt of form is hie-
rarchically built by creative elements from the bottom to the upper layers (e.g., D is 
above A and B, and for instance, “the first love” is above “orange” and “lemon” for 
their attributes in taste – sweet and sour). Due to its relativity, the lower layer can be 
regarded as the idea components of the higher Gestalt layer (e.g., D and E under F). 
The link between idea components is called the idea sequence, which functions to 
associate ideas of different layers for rich conception. The path shows the common 
attributes or associated meanings shared by each idea component. Each Gestalt layer 
can be equally regarded as creative concepts generated through the idea sequence. 
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Spatial concepts therefore exist in idea components, idea sequences and Gestalt lay-
ers, while designers’ imaginations, creativity, and knowledge about the text and au-
diences’ insights will determine the height of and the amount of branches on the Ges-
talt Layer Construct (GLC). GLC can explicitly and systematically display how de-
signers or artists develop their train of thought. In this way, it is possible to reveal the 
mystery of emotional artistic process and present it in a rational system to lead artists 
to higher levels of creativity and to produce various creative concepts from different 
perspectives and contents. Based on the aforementioned GLC framework and by ex-
panding it into 3 dimensions, as it can be interpreted from various aspects, a Concep-
tion Pyrimid method for cultural product form development is proposed, which has 
six components, namely: (1) Determining subject and collecting creative content, 
(2) Selecting and allocating idea components, (3) Developing gestalt concept and 
building gestalt layers, (4) Identifying the best gestalt context, (5) Defining story-
lines and interpreting gestalt concept, and (6) Implementing and integrating form 
components.  

3 Method Demonstration  

The proposed design method will be explained based on a metalwork series entitled 
“Dream Weaver in the Red Chamber”, a series of metal artwork by Yang (2003) 
based on a Chinese literature classic entitled The Dream of the Red Chamber. The full 
series of metal artwork is a set of accessories symbolizing the twelve maidens men-
tioned in the story. The artwork chosen in this study is called “Tears of Pearls,” which 
is inspired by the fictitious character Dai-Yue Lin and based on the following reasons: 
(1) The Dream of the Red Chamber is passed from generation to generation and well 
known to almost every Chinese; (2) Each character in this fiction had distinct perso-
nalities and features; (3) Dai-Yue’s personality was unique and most well known, 
therefore the artwork would be easily understood without redundant explanation; (4) 
the accessories’ designs mainly focus on decorative form therefore they will not be 
affected by any functional issues; (5) the final results of the metal artwork will pro-
vide the most realistic interpretation of the idea components. Based on this design 
case and the design method proposed in this research, the measures taken to create the 
“Tears of Pearl” are as follows:  

1. Determining subject and collecting creative content: Theoretically, all concerned 
citations are needed for detailed descriptions of the original appearance, personali-
ty, talents, and characteristics of Dai-Yue Lin, the main female protagonist. Due to 
limited length, only a partial excerpt is shown as follows:  

In Chapter 3: “… She had a pair of eyes, which possessed both cheerful and sad 
expression, overflowing with sentiment. Her face showed some sorrow stamped 
on her two dimpled cheeks. She was beautiful, but her whole frame was the prey 
of a hereditary disease. The tears in her eyes glistened like small specks. Her 
balmy breath was so gentle. She was as demure as a lovely flower reflected in 
the water. Her gait resembled a frail willow, agitated by the wind….” 
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2. Selecting and allocating idea components: Based on the excerpts, key ideas or 
phrases are selected as idea components (Table 1). The number of attributes can be 
modified as long as it can fully express the main theme of the creative subject.  

Table 1. The idea components of Dai-Yue Lin 

Attributes Creative component 
Name Jade girdle hanging in the forest.
Talent People would merely feel sorrow about the talent.
Appearance Her movement was agitated by the breeze.  

Demure as a lovely flower reflected in the water. 
Her beauty exceeded Hsi-Tzu’s even though she possessed ailment. 

Prediction Crimson Pearl Grass beside the San-Sheng Stone. 
Returned the tears of whole life. 

Personality The glistening tears. 
Her heart had one more aperture than Pi-Kan’s. 

3. Developing gestalt concept and building gestalt layers: Through the semantic rela-
tionship among idea components and the artist’s imaginative skill, the Gestalt lay-
ers are stacked and built into an idea tree or conception pyramid (Figure 2).  

 

Fig. 2. The construction of an idea tree or conception pyramid  

4. Identifying the best gestalt context: Gestalt-oriented concepts should be liberated 
from standard thinking and include lower layers of idea components (Figure 3). 
The best Gestalt-oriented layer is chosen from top to bottom, and it has the follow-
ing qualities: coverage of most attractive attributes, easy interpretation in Gestalt 
title (for instance, “pearl” is easier than “beauty” for association by artists and us-
ers), and depth in layers (the deeper the better, for more attractive story and text 
implications).  
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Fig. 3. Selection of a Gestalt-Oriented Concept and its Conception Pyramid 

5. Defining storylines and interpreting gestalt concept: Based on the best Gestalt-
oriented concept of ‘tears of pearls’ and exclusion of minor components, it is  
possible to define the form element of each component. The contents and forms 
covered by the Gestalt-oriented concept can be concretely expressed in images, 
such as ‘pearls’, ‘love’, ‘tears’, ‘paranoid’ (in Chinese, it literally means ox horn), 
etc. Based on the concrete form of each component, the artist should choose one or 
several idea sequences through which to define the main story line. (Figure 4) The 
artist then searches for forms of each component derived from the three main story 
lines that possess strong imagery. Through various comparisons, the shell shapes 
derived from ‘weaving shell within tears’ possessed stronger visual representations 
that could be selected as the main elements of the visual design. On the other hand, 
tears of pearls, cones, web of love, and heart shapes can also be used as comple-
mentary elements. Other elements such as flower petals representing ‘delicate’, 
which are not closely related to the story line, were eliminated because they con-
flicted with the shell shape. 

 

Fig. 4. Concretization of form components and definition of the story line 
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6. Implementing and integrating form components: Based on the visual elements 
derived from ‘weaving shell within tears’, the glossy pearl is in the middle of the 
shell-shaped woven metal and represents Dai-Yue’s talent, while the metal weav-
ing symbolizes the web of love; the weaving technique was implemented to interp-
ret how Dai-Yue is always being ‘trapped in the web of love’. Furthermore, the 
shape combination of heart and cone represents the ‘paranoid’ characteristics. 
‘Tears of pearls’ applied the shape of tears with pearls as the tears. Based on the 
pearl inside the shell and the cone holding the shell facing downwards like tears, 
this design expressed that Dai-Yue Lin was a crybaby and had a paranoid personal-
ity. (Figure 5)  

 

Fig. 5. Main visual elements of one of the final designs 

The series of jewelry design generated by the implementation of the form creation 
method proposed in this research consist of five components—a necklace, a hairpin, a 
brooch, and a pair of earrings. The design was modified to fit the functional require-
ments and the final work was entitled “Tears of Pearls” (Figure 6). 

 

Fig. 6. A series of artworks that interpret Dai-Yue Lin’s characteristics 

4 Verification  

The proposed process was implemented on the “Dream Weaver of the Red Chamber,” 
and generated 12 series of jewelry design concepts that successfully interpret each 
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role’s primary Gestalt-oriented context and develop original and innovative (or signif-
icantly differing from general thinking) jewelry designs for females. The suggested 
method possessed the feasibility and practicability to be implemented in the real de-
sign process to develop a new metal weaving technique. These 12 series of metal 
artworks (each consists of five to eight components) were shown to an expert on The 
Dream of the Red Chamber, who has been the former dean of the College of Liberal 
Arts at the National Cheng Kung University, Taiwan. He was asked to name each 
character based on these jewelry series. Amongst the twelve series of metal artworks, 
except for Pao-Chai Hsue’s controversial characteristics, he successfully identified 
five main characters. The other works were also recognized after hints were provided. 
Based on verification by the expert, this method was proven valid. 

Afterwards, a one-month public exhibition was held for these twelve series of met-
al artworks. Based on the feedback provided by the audiences, people who had certain 
knowledge about the twelve maidens in The Dream of the Red Chamber would stay 
longer to appreciate the artwork and were able to guess the main characters without 
any hints. “Tears of Pearls” was also submitted to the 55th Taiwan Province Art Exhi-
bition and was awarded the First Prize (there were 112 pieces of metalwork submitted 
in total and 33 pieces were selected for the final round). Another six of the twelve 
series of metal artwork were submitted to various national level design competitions 
and successfully won a total of six awards. Based on the performance of the final 
design works, the validity of this design method was proven. For professional artists 
in the same field, especially those who participate in national competitions, it is 
known that the discernment of technical skills is low. Therefore, the main considera-
tion of the judges is creative expressions in terms of main themes and form creations. 
From this viewpoint, the design method proposed in this research contributed refer-
ences for this particular subject matter. Furthermore, this method was also taught in a 
formal teaching curriculum to guide students in the conduction of design activities in 
order to understand the transferability of the design method proposed in this research. 
The student design projects conducted based on this design method have successfully 
achieved various design awards, for examples: Silver Prizes of the 2008 and of the 
2010 Young Designers’ Exhibition, First Prize of the 2011 Creative Uniform Design 
Competition, and First Place Award of the 2012 Swarovski Jewelry Design Competi-
tion. Based on students’ responses and performances, it is assured that this design 
method possesses transferability and learnability. 

5 Conclusion 

This research introduced the Conception Pyramid Method for cultural product form 
development. Through a series of metalwork design practices, the suggested proce-
dures were validated and found that it features with innovativeness, usefulness, trans-
ferability and effectiveness. The new approach has five characteristics:  

1. The process of selecting idea components is based on an existing text, therefore the 
cultural elements extracted from the text relatively would be more objective and 
the selection and construction of idea components would also be more holistic and 



268 T.-L. Yang and M.-C. Ho 

unbiased. On the other hand, as the admirers possess certain knowledge on the text, 
they can also observe the design results with more objective and holistic views.  

2. The development of the Gestalt-oriented concept depends on personal experience, 
cultural contents, education, customers, and many other factors. For the same text, 
it is possible to generate different kinds of Gestalt-oriented concepts and structures 
that will create diverse representations and lead to various possible art directions.  

3. Through different combinations of idea sequences, artists can be lead to develop 
original ideas with rich creative contents. At the same time, it is possible for artists 
to keep their creative thinking on track and transform it into a rationally compre-
hensive and systematical framework. 

4. In creative art, it is possible to project personal emotions. In the same series of art-
work, the artist can generate different artwork based on his/her personal experience 
at different times and keep developing new ideas. 

5. It is possible to conduct form creation or design in a team. Based on different cul-
tural backgrounds and life experiences, the artists can work together and generate a 
richer creative capacity. 

In the field of creative design and art, researchers need to further explore the rationale 
of design processes that lead to final design results. The results of design and art crea-
tions often have the characteristics of a Gestalt-oriented concept and are difficult to be 
separated into pieces for verification. Apart from the text, other symbols such as 
graphics, images, movement, sound, and numbers that can facilitate artists to commu-
nicate and apply their ideas can also be researched further. 
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Abstract. With the global village approaching a new era of aesthetic economy 
powered by culture creative, every country is actively seeking inspirational re-
sources for culturally creative product design.  Chinese traditional poetry, full of 
expression created with poets’ fascinating words and still highly appreciated 
today, carries not only our predecessors’ wisdom but also principles which cor-
respond to those for modern creative design. This study starts with the distinctive 
features of our classical poetry, lays its foundation on traditional theory of Chi-
nese poetry, consults literature regarding the feasibility of employing poetry for 
cultural creative design, and furthers the trend for such application through in-
vestigating current case studies. Further, by integrating related theories of the 
western Ingarden Phenomenology from Cognition of the Literary Work of Art 
and Chinese construction from The Literary Mind and the Carving of Dragons, 
this study adopts the organic formation of ‘level of word’, ‘level of phrase’ and 
‘level of sentence’ for analyses and conversion, employs the concept of ‘poly-
phonic pattern’ as a guideline, and develops a step by step concrete process for 
exploring how the internal meaning and external form in traditional poetry could 
be transferred and integrated into modern design.  With further illustration of 
actual implemented cases, a model framework for employing poetry culture for 
creative design is thus completed. In addition to its being a significant and feas-
ible reference for culture creative design, we would like to see this model cause 
our traditional poetry to shine with a new glamour as well. 

Keywords: poetry, polyphonic pattern, culture creative, creative design. 

1 Introduction 

In recent years, countries from all over the world have been attempting to employ their 
“Culture” as features in increasing the value of “Creative Design” for developing an 
aesthetic economy. Lin [11] indicated that "culture" is a life style, "design" is a life 
taste, "creative" is a sympathy from a moving experience, while 'industry' is the me-
dium, methods or means for realizing creative cultural design. Therefore, the key to 
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achieving culture creativity in the design industry is the innovative performance deli-
vered following the design concept of “initialized with culture, expressed in product 
and used in life”. The essence of culture creative design is extracting culture elements 
and converting culture symbols so as to endow new aesthetic significance into the 
design. Most existing Taiwanese culture creative design was inspired by observable 
culture resources such as natural scenery and life artifacts. Few designs originated from 
invisible culture resources. This study therefore, takes inspiration from our traditional 
culture by applying 'poetry' culture and projecting its external forms and internal 
meanings into creative design.  The purpose of this study is to integrate Western and 
Chinese theories of poetry, develop a model which manifests the process for extracting 
invisible cultural elements from poetry, converting them into design, and illustrating 
the actual implementation steps. Through exploring how modern creative application 
of poetry culture could be achieved, this study would not only serve as an essential 
reference for multiplying the breadth and depth of culture creative design but also help 
with the conservation of our culture. 

2 The Distinctive Features of Chinese Poetry Culture  

Hegel [5] claimed, “Poetry is the highest expression in art”. Li [10] believed that the 
definition of culture is: “The results of the mutual activities created by man, this in-
cludes tools, social law regulations, art creations and the mental activities of the 
creating process”. Inheriting five thousand years of Chinese history, the culture of 
“Poetry” is doubtless the most significant part of our cultural heritage. The American 
philosopher Langer’s [9] concept, “Art is the creation of forms symbolic of human 
feeling”, has created a profound impact on modern aesthetic theory. “Poetry” culture 
itself is the artistic performance of how poets express their feelings through concrete 
language symbols. The German philosopher Worringer [14] indicated in the book 
Abstract and Empathy that humans can acquire happiness from art, mainly because 
man can seize the constant changing possibilities from individual events of the outer 
world and then transform them into eternity with abstract forms. “Poetry”, just as Chu 
[1] claimed, originates from bitterness caused by one’s dissatisfaction of the “limita-
tions” in life and is produced with imagination as a pursuit for “infinity”. He also stated, 
“Poems possess interior and exterior meanings. You will find reasoning from the 
interior meaning and discover phenomenon from the exterior meanings; only by in-
cluding both aspects may you compose a poem.”  That is, the goal is to pursue 
boundless imagination with limited vocabulary and construct a poetic imagery which 
corresponds to logic thinking. 

Tu [13] suggests that poetry is a world of beauty in imagination which a poet uses 
words to create based on language and experience. In recent days, poetry is considered 
an expression of spiritual vigor. The process of reading a poem is not only to be in-
toxicated regarding the content and the spiritual vigor of the poet, but to speculate, 
explore and appreciate the content and the spiritual vigor of the poet. Poetry must be  
an art of creation. Creation in metaphysics is a process where something spiritual is 
created out of nothing, while for physical techniques it means an innovative combina-
tion of material or concepts for creating new relationships, new feelings, new  
understanding and new realms. It could also be an original technique for expression 
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which results in new forms, new semantics, etc. A reader would be influenced by the 
process of “Associative Thinking Impact” during reading when the electro-magnetic 
fields of the brain waves are first altered so as to generate new sequences and produce a 
fresh sensation, a moving inspiration. In sum, poetry is produced with imagination, 
creates imagery, contains internal meaning and innovative techniques for expression, 
and is meant to inspire readers through a touching emotion.  

In recent years, the creative industry has been actively seeking to restart interdis-
ciplinary integration and development from various industries and levels and has thus 
created designs with a fresh new look. The new interpretation of traditional culture, 
classical literature and art are the exact sources of inspiration for the culture creative 
industry. The following are examples of current poetry employments in different fields. 
Tsai [12] has presented some case studies in transforming classical literature. For 
instance, Yu, Kuang-Chung’s poem Kua Fu adopted and modified the traditional 
mythology “Kua Fu, in Pursuits of the Sun” to create an innovative imagery with new 
ideas. Also, Chang, Man-Chuan’s modern “The River Merchant’s Wife” converts the 
well-known poem initially written by Lee, Po into a new imagery. 

There are also application cases for art performances. The internationally renowned 
Cloud Gate Dance Theatre extracted culture creative elements from the classical lite-
rature Chu Ci, The Dream of the Red Mansion, and Chinese calligraphy. The first 
example is the play “Moon Water” which originates from the quote, “Flower reflection 
in the mirror and moon reflection in the water are nothing but illusions” With illusio-
nary scenes such as the water-flowing stage together with the dancer’s reflection in the 
vertical mirror and in the water, poetic imagery is created for expressing how all 
beautiful things result in “emptiness”. A second example derives from Tsao, 
Hsueh-Chin’s The Dream of the Red Mansion. The performance began with the stone, 
originally located under the Qing Geng Peak in the heavenly world, coming down to 
earth and ended with the main character, Pao-Yu, becoming a monk and severing all 
links to the human world. The plot conveys the impermanence of life with the quote; 
“When we see fake as real, real becomes fake; when we take nihility as existence, the 
actual existence becomes nihility”.  

Poetry could also be employed for product design. The work “Shui Tiao Ke Tou” 
produced by the company Titton extracted the essence from the well-known poem of 
the Sung dynasty poet, Su, Shih; “Just as the moon waxes and wanes, so do people 
experience sorrow and joy.” The round form of the product symbolizes the moon, while 
the crack on the right angle signifies the constant changes in life. Regardless of the 
changes, however, the relationship between two people will remain solid as the two 
mutually supporting poles signify. The above cases illustrate how poetry could be 
employed in related fields. The unique imagery creation and high popularity of these 
cases definitely suggests that the employment of poetry for the field of culture creative 
design is certainly worth exploration. 

3 Applying “Polyphonic Pattern” as the Theoretical Basis for 
Creative Design 

Yu [18] once said, “Creativity is a traceable psychological process. With a series of 
effective training, many people may experience the status of endless energy of  
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creation.” Converting classical poetry provides a platform for creative ideas not only 
to bloom but also to be able to be put into practice. Therefore, this study has inte-
grated Traditional Chinese Painting Aesthetic, Poetics, and The Literary Mind and the 
Carving of Dragons as the theoretical foundation for the creative conversion of clas-
sical poetry. 

3.1 Following Traditional Chinese Painting Aesthetics 

Chinese poetry has always been the medium to convey the emotions of poets. Therefore 
it could also serve as the medium for designers’ creative expressions. Research (Yeh, 
2010) [16], Applying Chinese Poetry’s Form and Spirit in Culture Creativity, has 
indicated that “The conversion process of transforming poetry into design is similar to 
that of painting.  Take Cheng, Pan Chiao’s (1693~1765) experience in painting 
bamboo for example. The painting process went from ‘Generating Concept’ to ‘Em-
ploying Brush Strokes’; the similarity between converting emotions into painting and 
converting poetic emotions into product design can correspond.” Also presents, in 
Figure 1, is “the conversion process of transforming paintings and poetry into design 
and culture creative experience”, from a further theoretical combination of Painting 
Aesthetics, Concept of Form and Spirit, and Chinese-Western Comparative Aesthetics. 
The first phase of this process shows the procedure of Chinese painting. The second 
phase is the corresponding procedure of converting poetry into design, illustrating how 
a designer can read a poem (the poetic meaning), stimulating the creative thinking in 
one’s mind (state of mind), then converting the poet’s emotions into the process of 
design (scenario). The last phase is the culture creative design hands-on experience. 
From the left, it introduces how consumers see the product with their “eyes”, indulging 
themselves in the beautiful scenario of the poetic culture, leading to reflections drawn 
by the sentimental feelings, and eventually using it in reality. The ultimate goal for 
converting poetry into design is thus reached. 

 

Fig. 1. The process of Chinese painting and design transforming 
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3.2 The Employment of “Six -Viewpoints” for Creative Design 

The Literary Mind and the Carving of Dragons [17] as the integration of the domains of 
metaphysics and physical phenomena, such as cosmic ontology, cosmos attributes and 
the formation of the boundless universe, activity phenomenon, function utility, which 
are all-encompassed by this book. Rated as the macroscopic view of the philosophers, 
this master piece corresponds to the connections between literature and cosmic on-
tology, universal world, political society and meanings of life. To establish an objective 
text evaluation method, The Literary Mind and the Carving of Dragons – Proper 
Evaluation raised the concept of “Six-Viewpoints”: “To understand the sentiments of 
text, you must observe the six aspects: first view position, second view writing, third 
view variation, fourth view means, fifth view allusion, sixth view syllable. If evalua-
tions proceed this way, good work may reveal itself”. In general, “Position” is to see the 
appropriate arrangements between sentimental sense and literary form; “Writing” is the 
measurement of whether the literary form suits the proper aesthetic norm; “Variation” 
is to observe the success of the text’s inherited convention and innovation; “Means” is 
the adequate strategy of different writing appearances; “Allusion” is to succeed the 
correct use of allusion meanings; “Syllable” is to manage the most appropriate syllable 
for the text. Through the methodology of “Six Viewpoints”, we may explore the six 
aspects to objectively evaluate the written work. Hence, this research employs this 
method to measure the most suitable Chinese poetry and devise selecting criteria for 
product design. 

Furthermore, to make a guideline for employing the “six-viewpoints” principle into 
design more comprehensive, this research also takes Teresa M. Amabile 
(1983)(consensus assessment technique，CAT) as another reference so as to present all 
of the design attributes derived from the ‘Six-Viewpoints” principle with three descrip-
tive indicators, as the eighteen indicators shown in Figure 2.  For “position”, there are 
form, state analysis and time-space structure.  For “writing”, symbolic expression, 
phrasal interrelationship and semantic attributes are considered.  Design principles, 
representation, and neatness are indicators for “variation”.  For “means”, emotional 
expression, aesthetic performance and creative expression are included.  “Allusion”, the 
fifth viewpoint, includes color employment, material application and texture application.  
Finally, dynamic performance, situation and rhythmical variety are considered for “syl-
lable”. In this paper, View Writing is the main application principle. 

3.3 “Polyphonic Pattern” as the Framework for Converting in Creative Design 

The guideline for conversion—the polyphonic pattern—originated from the significant 
Ingarden Phenomenology, which is highly prominent in the western aesthetic field as 
You[17] mentioned. Ingarden[7] indicated in the New Cognition of the Literary Work 
of Art that the existence of literary art creation still continues after the termination of the 
author’s intended expression because the physical existence of the creation makes it 
possible for aesthetes in various time and space to reconstruct the author’s imagery. In 
addition, the inner structure hierarchy of literary art is analyzed into four independent 
levels yet each interconnects with one and another, penetrating deeper by each level. 
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There are the level of words, the second level of phrases, and the third and fourth levels 
of sentence groups. Such a literary discourse system establishes a reciprocal relation-
ship with You’s[17] literature analysis system as the quote describes; “The affection of 
viewing the objects seems an endowment to the object, the aroused inspiration by the 
object were as if rewards to the viewer.”  

Further, the relation between the two systems has been compared and contrasted in 
Yu’s book[17] New philosophical aspects for The Literary Mind and the Carving of 
Dragons. For example, “Word Deliberation”, “Tonal Pattern” can be compared to the 
first level (Figure 3) of the tones of words and words, while “Dual Phrase”, “Sec-
tion/Fragment”, “Resemble/Imply”, “Euphuistic”, “Reference” can depict the second 
level of meaning in the sentence group. These two levels, which constitute the words 
and phrases, are the most fundamental and predetermined formation in not only ex-
pressing inner significance but also presenting the external foundation of phonological 
beauty. The third and fourth levels concern the deep structure of the literature work, 
providing readers an outline or a schematic drawing of the formation to which they 
need apply imagination while viewing so as to represent the imagery. The chapters of 
“Structure”, “Sentiments”, “Content/Form”, “Nature Influence”, “Style”, “Integra-
tion”, and “Profound” in The Literary Mind and the Carving of Dragons compare 
closely to these two levels.  

These levels agree with Eco’s[3] suggestion that a poem is the full integration of 
various discourses following different linguistic rules and operating on distinct mea-
ningful levels. The purpose of the statement is mainly to examine themes on art im-
agination, configuration of the structure layers, the Gestalt effect in art, and the meta-
physics regarding art creation. This concept also corresponds to Yu’s[18] comprehen-
sive statements on the structural framework of “Half-translucent viewing layers” and 
“All historical masterworks employ such structure so while ordinary readers accept the 
surface-layer presentation, and highest-level interpreters are able to dig into the deepest 
layer of the composition, transitional readers roam with wonder between the two layers, 
accessing a pathway to an aesthetical life.” All the above presents what is most sig-
nificant for poetic conversion and application.  

The four hierarchy levels of the inner structure in Ingarden’s theory gradually pe-
netrates; first comes the level of words, which then composes into the second level of 
phrases, then the third and fourth levels of sentence groups (Figure 3), similar to the 
operational structure of time. Viewed vertically time-wise, an art piece possesses 
different sections which fall on the same time and all layers expand sequentially at the 
same time. From the horizontal point of chronicle time, the hierarchies of literary art, 
such as “Pronunciation”, “Word and Phrase”, “Sentence Group”, “Section”, and 
“Chapter”, gradually accelerate the development of the levels in temporal progressions. 
A valuable piece of literary art must present diverse, sequential, and harmonious po-
lyphonic artistic value. Such quality is similar to the musical texture of Polyphonic 
music in which a minimum of two choirs proceed at once. It is also parallel to the 
concept in visual arts that texture contains both the tactility itself as well as visual 
representation.  Similarly, poetry possesses the attribute of calling for aesthetic har-
mony in its internal spirit and organic rhythm for its exterior structure. Therefore, this 
study will take up the “Polyphonic Pattern” structure as the guideline for converting 
poetry into design. 
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Fig. 2. “Polyphonic Pattern” as the Framework for Converting in Creative Design 

4 Developmental Model of “Polyphonic Pattern” Design and 
Implementation Examples 

In this section, an actual implementation example is presented for illustrating the de-
velopment of an application model of “Polyphonic Pattern” design employing poetry. 
Kao[8] has suggested that insisting on applying western syntax for analyzing Chinese 
poetry could be fruitless. He indicated that Chinese parsing should not be limited by 
subject-predicate analysis from the west; “topic-comment” analysis could be adopted 
to allow various structural combinations and greater possibilities of unrestricted de-
velopment. As Hsieh[6] stated, linguistic research methodology has turned to a dy-
namic study of language development and comprehension, shifting towards the de-
velopment of Interdisciplinary Linguistics, an Applied Science. This study has thus 
synthesized related theories of the western Ingarden Phenomenology from Cognition of 
the Literary Work of Art and the Chinese construction from The Literary Mind and the 
Carving of Dragons, adopting the structure of “Polyphonic Pattern”, and developed a 
significant model for converting poetry culture into design, with the organic formation 
concept of “Level of keyword”, “Level of Phrase”, and “Level of Sentence”. The 
illustration presented here is the Ching Ping Melody, written by Tang dynasty poet Lee, 
Po, “the clouds want to become the garment of the royal beauty and flowers would like 
to become her beautiful face”. The original meaning of the poem states, “Royal Lady 
Young is a fair lady, people associate her garments with colorful clouds and her deli-
cate face with flowers.” By applying the affection association process and recombining 
the organic composition of words, poetic rhythm and comprehensive imagery in the 
mind of the viewer could be displayed.  

The first step is to extract the main keyword meaning, here in this poem we will take 
“think” (want to/would like to) as an example, as in Figure 3. Wu and Wiu[15] has 
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into an expressive Sentence Form of the Poetic State. For instance, “Missing the sce-
nery of my garment” combines 2-dimensional garment and scenery to become item A; 
“pondering for the formation of ideals” converts into item B with the idealistic 
three-dimensional asymmetrical tailoring; “dreaming for future blessing” turns into 
item C forming a white-chiffon cloud-like garment. The model framework for the 
conversion into a substantial design series is completed as presented in Figure 3.   

5 Conclusion 

Poets and artists both possess the ability of “thoughtfulness” and “observation”. As a 
result, readers will enter the poet’s heart and enjoy in person their life and affection 
while reading a poem. Since art is about creation, creative imagination is required; 
creation does not reveal itself out of thin air, however, it is an innovative recombination 
of existing imageries. The inspiration for art creation is identical to that for design; it is 
never creating something out of nothing. Thus, to represent poetic imagery through 
design, a designer must first convert the original emotional experience of the poet, 
analyze the content of the poem next, and then employ the ‘polyphonic‘ pattern for 
analyses of the organic formation of word meaning, phrases and sentences to develop a 
concrete process for converting poetry into creative design. There is no doubt that the 
process of a poet’s converting his feelings into a poem is artistic creation. Creative 
design with poetry is just as well a re-creation of creation. Applying poetry for creative 
design also requires inventiveness, poetic sensitivity, and superior techniques from a 
designer, as poetry does from poets. Creative ability and sensitivity enable a designer to 
fully appreciate the “poetic meaning” of the original poem, while superior techniques 
make the recreation of “poetic imagery” possible for providing consumers with op-
portunities for experiencing the expressions of “poetry” through design products and 
verifying the emotional experience of “poetry” from the new generation. Along the 
long lasting history, we sincerely hope that classical Chinese poetry will rise and shine 
with a new glamour with the dialogue between the present and the past. 
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Abstract. The main purpose of this research is to investigate the effect of user 
characteristic – the need for touch (NFT), handcraft materials and material col-
ors on motivation of touch and preference. A total of 70 subjects were recruited 
in the study. In addition to the NFT level (high score group and low score 
group) was evaluated, handcraft materials (wood, glass, pottery, plastic and 
metal) and material colors (red and yellow) were studied in the experiment. The 
dependent variables including the willingness of touch, preference and 16 pairs 
of opposite adjectives for sense of sight were measured by questionnaire inter-
view. The study results showed that the effect of NFT affect significantly  
willingness of touch (p<0.001), preference (p<0.01) and the sense of warm-cold 
(p<0.05). All measures were affected significantly by handcraft material effect 
(p<0.05). On the other hand, 11 pairs of opposite adjectives are affected signifi-
cantly by material color factor. The results of regression equations showed that 
the willingness of touch was mainly affected by subjective preference. Moreo-
ver, the subjective preference was mainly affected by the rating of beauty for 
product. Therefore, the subjective preference increased for a product was fol-
lowed the rating of beauty and then the willing of touch was increased. The 
findings of this study can give an insight into the motivation of touch, and  
further provide some guidelines and recommendations about the product design 
and selling method to increase the competitive advantage of product. 

Keywords: motivation of touch, need for touch, sense of vision, preference. 

1 Introduction 

In recent years, the rising of online, TV and catalog shopping is due to convenient. 
The visual or hearing information of product is presented with image or sound on 
media. However, it is difficult to show the haptic information like texture, softness, 
weight of product on screen or catalog. An inability to physically examine products 
would decrease consumers’ confidence before purchase. Holbrook [1] pointed out it is 
difficult to evaluate some product especially for sweaters by picture, because subjects 
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strongly depend on tactile feedback. Thus, more and more studies about marketing 
and product design areas pay attention to haptic experience influence on consumers’ 
behavior and purchase decision. 

The product properties including texture, softness, weight, and temperature would 
affect haptic experience [2, 3]. The touch behavior is different for different product. 
The more product property is needed to evaluate, the more motive is acted to touch 
the product before purchase. For example, towels differ from texture and weight will 
cause touch more prior to purchase than cans or bottles, which material attributes are 
similar. Peck and Childers [7] videotaped the hand motions of subjects while they 
verbalize during product evaluations at the same time. The study results showed that 
the behavior and oral report was correspondence. Moreover, the touch time was long-
est for sweater or tennis racket evaluating which product properties varied most, fol-
lowed by calculator or cell phone evaluating which product properties varied some-
what, and the touch time was shortest for cereal or toothpaste which didn’t need to 
evaluate product properties. Further, haptic experience could be compensated even 
touch is unavailable. McCabe et al. [4] indicated that the differences in preference 
between the environment where allow physical examine and the environment where 
touch is not feasible were reduced when the product properties were verbally de-
scribed. Peck and Childers [6] also concluded that a written description about product 
properties on brochure could compensate for lack of touch. 

In addition, there is an individual difference in the preference for haptic expe-
rience. A Need for Touch (NFT) concept brought up by Peck and Childers [6] is de-
fined as consumer’s preference and motivation for the obtainment and utilization of 
information through touch. Then a 12-item scale which including two dimensions, an 
instrumental and an autotelic dimension was developed to reveal the different goal-
directed touch behavior between purchase-directed and enjoyment-directed. Peck and 
Childers [6] found that confidence of consumers higher in NFT before purchase was 
less while physical examine is unavailable during product evaluation. On the contrary, 
the confidence in evaluation was not affected for low NFT consumers only there was 
an obvious image of the product. In a related study on compensation of untouchable 
situation, Peck and Childers [5] found that for high NFT subjects, a written descrip-
tion could compensate functional tactile information, like heaviness, but not compen-
sate pleasant sensory property, like softness. On the other hand, for Low NFT sub-
jects, they could extract information through visual cue instead of actual haptic explo-
ration. Furthermore, subjects high in autotelic NFT made more impulse buying than 
low autotelic NFT subjects while tryout activities were offered in a grocery store [8]. 

Most early researches used functional or useful product as stimuli to evaluate the 
effect of subjects’ NFT or material property on touch behavior and purchasing atti-
tude. However, the result of using beautiful yet functionless things as stimuli is less 
discuss. Moreover, it is also worth to find out what kind of sense play an important 
role to active touch motivation. Therefore, the main purpose of this research is to 
investigate the effect of user characteristic – the nature of need for touch, handcraft 
materials and material colors on subject’s motivation of touch and preference. 
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2 Methods 

2.1 Subjects 

Twenty-one men and forty-nine women participated in the experiment as paid volun-
teers. All participants were Taiwanese and free from any known musculoskeletal 
disorders. The mean age was 20.8 (sd=1.08) years.  

2.2 Experiment Design 

This study employed a nested factorial design. The independent variables included the 
degree of nature of need for touch (NFT) (high score group and low score group), 
handcraft materials (wood, glass, pottery, plastic and metal) and material colors (red 
and yellow). The subject was a random factor. There were a total of ten experiment 
conditions for each subject. Ten sample items, as illustrated in Fig. 1, were evaluated. 
The size of each sample was 10*10*10 cm cube. The degree of NFT was measured 
using the 12-item scale [5]. Scale item descriptors ranged from -3 (strong disagree) to 
+3 (strong agree) with the entire range represented in the sample. Higher and lower 
NFT were determined by a median split, with subjects scoring at or above the median 
(a score of 14 in the study) classified as high NFT (thirty-five subjects) and those 
scoring below the median classified as low NFT (thirty-five subjects). Due to the 
limitation of material itself, the color of each sample was made as similar as possible.   

Three different kind dependent variables were measured in the study. They were 
willingness of touch (5-point scale, with 1 for ‘‘I really don’t want to touch it”, 3 for 
“normal feeling”, 5 for “I really want to touch it”), preference(5-point scale, with 1 
for ‘‘I really don’t like it”, 3 for “normal feeling”, 5 for “I like it very much”) and 16 
semantic scales, defined by polar-opposite adjectives for sense of sight were meas-
ured by questionnaire interview. A 7-point Likert scale was applied on these opposite 
adjectives. A higher score indicates a more sense of ugly, sensibility, plain, ancient, 
boring, cold, popular, inelegant, wild, heavy, artificial, hard, male, peace, dark, and 
reserve. A lower score indicates a more sense of beautiful, sense, gorgeous, modern, 
interesting, warm, individuation, elegant, mild, light, nature, soft, female, excited, 
bright, and extroverted.  

2.3 Experiment Procedure 

Experiment was conducted under normal day light illumination. Before the expe-
riment, the researcher explained the purpose and procedure to the subjects. After that, 
one sample was placed in front of subjects at a time. They watched the sample item 
10 seconds and then were asked to assess subjective willingness of touch, preference 
and 16 pairs of opposite adjectives questionnaire based on its visual appearance with-
out tactile interaction. The 10 treatment combinations were randomized for each sub-
ject and completed within 30 minutes. 
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Fig. 1. The sample items were used in this study. The upper row samples are red color and 
lower row are yellow color samples. The sample materials from left to right are wood, glass, 
pottery, plastic (acrylic) and metal (copper). 

2.4 Data Analysis 

Analysis of variance (ANOVA) was preformed to analyze the NFT group, handcraft 
materials and material colors effect on willingness of touch, preference and sense of 
sight.  Post hoc testing with the Duncan multiple range test (alpha=0.05) was then 
performed to identify significant differences within handcraft materials factor. More-
over, regression analysis with a forward stepwise procedure was conducted to con-
struct two prediction models for willingness of touch and preference with independent 
factors including: gender, NFT group, handcraft materials, material colors, preference 
and adjectives of sense of sight. The significance level was set alpha=0.05. 

3 Results 

3.1 ANOVA Results 

Analysis of variance (ANOVA) was performed to evaluate the need for touch, materi-
al colors and handcraft materials effects. The need for touch effect was only signifi-
cant on the Willingness of touch (F1,68=31.98; p< .001), Subjective preference 
(F1,68=11.82; p< .001) and the sense of Warm-Cold (F1,68=4.55; p< .05). Moreover, 
the material color factor showed significant effect on eleven opposite adjectives ques-
tions. The handcraft material effect was significant on all measures. For two-way 
interactions, the handcraft materials and material colors interaction effect was signifi-
cant on nine of the eighteen response measures which were Willingness of touch, 
Subjective preference, Sense–Sensibility, Gorgeous–Plain, Modern–Ancient, Mild–
Wild, Light–Heavy, Nature–Artificial, Bright–Dark.  

Tables 1 present the mean values of measures for the independent variables. The 
Willingness of touch for high NFT score group (3.46 scores) was significantly greater 
than that for low NFT group (3.02 scores). Similarly, the Subjective preference was 
also greater for high NFT score group (3.35 scores) than low group (3.10 scores). 
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There was only one of the 16 bipolar adjectives (warm-cold) were rated as significant-
ly different; the subject high NFT has warmer feeling than who low NFT. The NFT 
developed by Peck and Childers includes two dimensions, an instrumental and an 
autotelic dimension. The instrumental dimension means that touch behavior is pur-
chase goal-directed and the autotelic dimension is enjoyment goal-directed (Peck and 
Childers 2003b). The average score of autotelic dimension for high NFT group is 8.86 
and greater than low NFT group (6.29 score). It could be the reason the motivation of 
touch for high NFT group is still stronger than that for low NFT group, even the expe-
riment sample is functionless. 

Both of the measurements of Willingness of touch and Subjective preference were 
not significantly affected by material color effect. However, the subjects’ feel were 
partial to gorgeous, modern, boring, individuation, elegant, wild, heavy, artificial, 
female, dark, and reserve while watching red color samples. For yellow samples, the 
sense were partial to plain, ancient, interesting, popular, inelegant, mild, light, nature, 
male, bright and extroverted.    

The Duncan grouping results indicate that the Willingness of touch for the 
handcraft material can be classified into three groups. The first group, with the highest 
willingness was for wood and pottery material, followed by plastic, metal and glass. 
While watching wood and pottery samples, the subjects rated about 1.5 score higher 
Willingness of touch than watching glass sample. Besides, the subjective preference 
can be classified into two groups. The higher preference group included wood and 
pottery samples. While watching wood and pottery samples, the feeling of beautiful, 
sensibility, plain, ancient, warm, popular, elegant, nature, female, peace, and reserve 
were higher than watching other materials. .On the contrary, the sense of sign under 
plastic or glass samples watching were partial to ugly, sense, gorgeous, modern, cold, 
artificial, excited, bright, extroverted etc. 

3.2 Regression Analysis 

This study obtains two regression models using a forward stepwise searching proce-
dure (Table 2). Results show these models to be statistically significant (p < .001) 
with the coefficient of determination (R2) 0.47 for predicting Willingness of touch and 
0.52 for predicting subjective preference. Moreover, the standardized partial regres-
sion coefficient of the subjective preference is 0.45, greater than that of the sense of 
Beautiful–Ugly (0.25), the sense of Mild–Wild (0.11), and the sense of Light–Heavy 
(0.08). Subjective preference influence seems greater than other factors regardless of 
the handcraft material or color factor. Increase in subjective preference, the sense of 
beauty, the sense of mild, and the sense of heavy followed by an increase in the Wil-
lingness of touch. On the other hand, the subjective preference was mainly affected by 
the senses of beauty, individuation, peace and warm for a product. Therefore, the 
subjective preference increased was followed the rating of beauty and then the willing 
of touch was increased.  
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Table 1. Measurements under affect levels of each independent variable 

 
Need for touch Material color  Handcraft material 

Low High Red Yellow Wood Pottery Metal Plastic Glass 

Willingness and prefe-
rence 

         

Willingness of touch 3.02 3.46 3.28 3.21 3.52a 3.54a 3.16b 3.01b 2.99c 

Subjective preference  3.10 3.35 3.27 3.18 3.40a 3.47a 3.14b 3.11b 2.99b 

Opposite adjectives 
(1 point – 7point) 

         

Beautiful – Ugly  3.79 3.65 3.66 3.78 3.51b 3.27b 3.88a 3.99a 3.96a 

Sense – Sensibility  4.11 4.03 4.10 4.04 3.94b 4.78a 3.60c 3.96b 4.06b 

Gorgeous – Plain   4.20 4.25 4.07 4.38 5.41a 4.87b 3.75c 3.45c 3.64c 

Modern – Ancient  4.28 4.51 4.31 4.49 5.53a 4.75b 4.44c 3.44e 3.83d 

Interesting – Boring  4.24 4.27 4.45 4.06 4.62a 3.84c 4.79a 3.92b 4.11b 

Warm – Cold  4.13 3.83 3.94 4.01 3.31d 3.61c 5.16a 3.69c 4.10b 

Individuation – Popular  3.94 3.79 3.68 4.05 4.14a 4.09a 3.52b 3.86ab 3.71b 

Elegant – Inelegant  3.80 3.71 3.64 3.87 3.72b 3.24c 4.21a 3.84b 3.76b 

Mild – Wild  4.42 4.65 4.80 4.27 5.01a 4.18b 5.17a 4.13b 4.16b 

Light – Heavy  4.26 4.21 4.38 4.08 3.89c 3.14c 4.84a 4.81a 4.48b 

Nature – Artificial  4.17 4.27 4.31 4.13 3.29c 3.10c 5.60a 4.52b 4.57b 

Soft – Hard  4.61 4.82 4.76 4.67 4.44c 3.99c 5.76a 4.68b 4.73b 

Female – Male  3.88 3.89 3.74 4.04 3.91b 3.45d 4.64a 3.64cd 3.80bc 

Excited – Peace  4.06 4.29 4.15 4.20 4.95a 4.54b 4.55b 3.01d 3.84c 

Bright – Dark  3.82 3.71 4.07 3.47 4.47a 3.55b 4.31a 2.79c 3.72b 

Extroverted – Reserve  4.14 4.23 4.37  4.00 5.02a 4.48b 4.66b 2.89d 3.88c 

a, b, c: Duncan grouping code; Bold indicates significant differences between levels of a factor for that 
measure. 

Table 2. Regression equations for Willingness of touch (WT) and Subjective preference (SP) 

Equation R2 Significance 

WT=1.73+ 0.45SP-0.25(Beautiful–Ugly)-0.11(Mild–Wild) 
+0.08(Light–Heavy) 

0.47 p< .001 

SP= 3.09- 0.60(Beautiful–Ugly)-0.14(Individuation–Popular) 
+0.13(Excited–Peace)-0.13(Warm–Cold) 

0.52 p< .001 

4 Conclusion 

The objective of study is to investigate the effect of the degree of need for touch, ma-
terial colors and handcraft materials on subject’s motivation of touch, subjective pre-
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ference and polar-opposite adjectives for sense of sight. The main findings are that 
both of the motivation of touch and subjective preference were significantly affected 
by need for touch and handcraft materials. Increase in subjective preference, the sense 
of beauty, the sense of mild, and the sense of heavy followed by an increase in the 
Willingness of touch. The findings of this study can give an insight into the motiva-
tion of touch, and further provide some guidelines and recommendations about the 
product design and selling method to increase the competitive advantage of product. 
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Abstract. The increasing use of digitalized displays in the instrumentation & 
control systems of nuclear power plants has brought new issues related to hu-
man-computer interaction, especially under emergency circumstances that are 
known to be very stressful. This paper studies how interfaces with different  
information organization (functional layout vs. process layout) influence hu-
man-computer interaction behaviors as emergency occurs in terms of search ef-
ficiency, difficulty of information abstraction, and workload by using the eye 
tracking technique on a simulated platform. The result shows that the average 
blink rate and average blink numbers at the two levels of information organiza-
tion were different significantly. This may indicate that the functional design 
was superior to the process design in user workload. The results did not prove 
the superiority of the functional interface design to the process one in search ef-
ficiency and difficulty of information abstraction, since no significant differ-
ence was found in the number of fixations and fixations duration mean values. 

Keywords: Functional based task analysis, Information organization, Eye 
tracking. 

1 Introduction 

The Fukushima Daiichi nuclear power plant (NPP) Accident in 2011 raised again 
great public concern about the nuclear safety, after 2 decades since Chernobyl Acci-
dent. Tsunami and earthquake which directly resulted in Fukushima Daiichi nuclear 
accident is far beyond human’s ability, while most accidents in safety-critical indus-
tries so far are caused by human errors. More than 90% accidents in NPPs, 80% ones 
in the chemical and petro-chemical industries, and over 70% of aviation accidents 
were caused by human errors (Adihikari et al., 2008). 

It is therefore reasonable to focus on operators and their behaviors. In a NPP, the 
main control room (MCR), as a core part of the system, is expected to provide appro-
priate information and human-machine interface to facilitate operators’ behaviors. 
The past decades have witnessed remarkable upgrades in MCRs, including its layout, 
devices and design concepts.  

Conventional buttons, switches, and other analog equipment are gradually re-
placed, which is a prime improvement in MCRs. In NPPs of new generation like AP 
1000, digital displays are extensively used. Such transform on the one hand caters to 
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the trend of technology advance, improving the safety and reliability of the systems; 
on the other hand, it brings high information burden, tedious interface management 
tasks, and other new problems (Kim & Seong, 2009). For this reason, designing a 
good digital interface in MCRs, which meets the task demand and the physical and 
psychological characteristics of operators, is of necessity. Several design philosophies 
have been put forward, for example, ecological interface design (EID) and ‘User-
centered design’. EID is based on two conceptual tools: the abstraction hierarchy and 
the skills, rules, and knowledge (SRK) taxonomy (Rasmussen, 1985). Review by 
Vicente (2002) can be referred to for specific instruction of EID. In the user-centered 
approach, task analysis is a key tool used widely to analyze user needs. What distin-
guishes EID from the user-centered approach lies mainly in the difference between 
abstraction hierarchy and task analysis.  

The Function-Based Task Analysis (FBTA) proprietary to AP 1000 NPPs is one 
kind of task analysis. It breaks down goals in different levels according to their cor-
responding functions, providing which task information should be presented in the 
NPP interfaces. Wu et al.(2012) introduced FBTA in detail. Besides, in Wu’s (2012) 
study, the functional display based on FBTA seemed better help understand system’s 
operating status, ease the workload, while process displays helped the participants 
understand NPP’s structure and working principles better. However, Wu’s functional 
displays differ from the process displays principally in three aspects: information 
organization, information presentation and component representation. No research so 
far demonstrates which aspect influences the interaction and that to what extent the 
influence can be. This study aims to explore how interfaces with different information 
organization could influence human-computer interaction behaviors in terms of search 
efficiency, difficulty of information abstraction, and workload.  

When users interact with an interface for a specific goal, they observe the interface, 
and articulate the desired task goal into input language. Since the observation and 
articulation are both cognitive behaviors, performance in the two processes is hardly 
measured directly. This study used eye tracking techniques to evaluate search effi-
ciency, difficulty of information abstraction, and workload, which are supposed to 
reflect human cognition behaviors (Richardson & Spivey, 2004).  

It is hypothesized in this study that the functional design is superior to the process de-
sign. Specifically, the functional design is supposed to possess higher search efficiency, 
less difficulty of information extraction, and less workload than the process one. 

In the rest of this paper, Section 2 introduces the methodology of study, and Sec-
tion 3 presents the results. Discussion and conclusions are presented separately in 
Sections 4 and 5. 

2 Methodology 

2.1 Independent Variables 

The independent variable, information organization, has two levels: functional inter-
face and process interface. Figure 1 illustrates the functional interface based on 
FBTA, and Figure 2 illustrates the process interface. 
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where average pupil sizes X and Y refer to the diameters of a pupil on X and Y axis, 
respectively, PS measured in Formula (2) is the result of Formula (1), PS baseline 
refers to the pupil size when a participant relaxes his eyes before the experiment, and 
t1 and t2 refer to the beginning and end of the time window, respectively. 

Number of Fixations per Route: Goldberg & Kotval (1998) demonstrated that the 
number of fixations was correlated negatively to search efficiency. Among the eight 8 
routes in the EOP, four were nine-step routes while the rest were shorter routes. Since 
only successful long routes were analyzed later, the participants might accomplish 
different numbers of the long routes successfully at the two interface levels. There-
fore, the number of fixations per route was calculated for the two interfaces. 

Fixation Duration Mean: This indicator was chosen because the fixation duration 
mean was reported to be correlated positively to difficulty of information abstraction 
in Goldberg & Kotval (1998). 

2.3 Participants 

Web advertisements were used to recruit participants. There were 18 male students 
aged from 19 to 28 (mean= 21.9, SD = 5.8) studying engineering programs at Tsing-
hua University were recruited as participants.  

The participants were required to have normal vision or to wear no more than 3 di-
opters glasses. Contact lenses were not allowed, due to the use of an eye tracker. They 
were informed about the details of the experiment protocol and voluntarily signed the 
informed consent form before the experiment proceeded. 

2.4 Apparatus 

The experiment scenario was showed in Figure 4. The headband-mounted eye tracker 
in this experiment comprised with eye- and scene camera assembly which was less 
than 80 grams. When a participant wore the eye tracker, the position (left or right) of 
eye- and scene camera in the front of the hat was adjusted according to the dominant 
eye of the participant. The eye tracker was lightweight so that it was low invasive 
relatively. Besides, a notebook PC specifically connected to the eye tracker was used 
for data collection and analysis via a piece of dedicated software. 

 

Fig. 4. Illustration of experiment apparatus 
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2.5 Training and Pilot Study 

To obtain stable operation data, the participants were trained for 2~3 hours to be fa-
miliar with the system operation. In the formal test session, all participants were asked 
to execute the same emergency operating procedure using the two interfaces separate-
ly. The eye tracker and its accompanied software collected data of pupil sizes, fixation 
numbers, fixation durations, blink numbers, and so on. 

As a key parameter for data processing, fixation threshold is highly dependent on 
specific tasks. Therefore, a pilot study was conducted among 5 participants to sepa-
rate fixation from scanning. The fixation threshold was set at 200 ms consequently. 

2.6 Data Analysis 

Among the 18 participants, 2 participants adjusted the head-mounted eye tracker arbi-
trarily and so the calibration was not accurate, thus their data was eliminated. The 
data of successful long routes of the rest 16 participants were selected for further 
analysis. All the data of blink number per route, fixation number per route, percentage 
change of pupil size passed the test of normality. Data for blink rate per minute and 
fixation duration mean did not pass the normality test. However, for two interface 
levels, their difference passed the test of normality. Therefore paired t-test with a 
significance level of 0.05 was adopted for analysis. 

3 Results 

The results of paired-samples test of the five variables are given in Table 1.  

Table 1. Paired Samples Test Results 

Variables Mean SD t Sig. (2-tailed) 
Blink number per route 3.2 3.94 3.265 0.005 
Blink rate per min 3.26 4.333 3.012 0.009 
Fixation number per route 1.8 11.09 0.650 0.525 
Fixation duration mean 0.0005 0.0379 0.049 0.962 
Percentage change of pupil size -0.004 0.067 -0.228 0.823 

It can be seen from Table 1 that significant difference existed in blink number per 
route (t=3.265, p=0.005) and blink rate per minute (t=3.012, p=0.009) between the 
two interfaces. However, no significant difference was found in fixation number per 
route, fixation duration mean and percentage change of pupil size.  

4 Discussion 

When the participants performed the experimental task, the blink rate when using the 
functional interface was significantly lower than that when using the process inter-
face. It indicates that functional interface based on FBTA led to lower workload sig-
nificantly than the process interface. For the variable APCPS which was supposed to 
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measure workload as well, however, there was no significant difference between the 
two interfaces. Wang (2011) points out that APCPS may interact with fatigue, nerv-
ousness, and other factors, and suggests that APCPS should not be used exclusively. 

Number of fixations per route and fixations duration mean showed no significant 
difference between the two interfaces. This may reveal that the functional interface 
could not provide higher search efficiency and less difficulty of information abstrac-
tion than the process interface. Such non-significance can be explained by several 
reasons.  

First, the experiment task may limit the superiority of functional interface in search 
efficiency. Components with similar functions were organized together in the func-
tional interface, while similar components may be distributed in the process interface. 
If a task require a participant to locate a component, the participant can easily locate 
the region of the component, but then has to carefully check it out of other compo-
nents with similar functions in the functional interface, while they may spend more 
time in locating the rough position of the component, but then need to spend little 
time in finding its exact position in the process interface. Therefore, the difference of 
the overall search efficiency when using the two interfaces may be not significant. 
Second, the performance difference between the two interfaces in terms of search 
efficiency and difficulty of information abstraction may be lessened after the partici-
pants were adequately trained. In this study, the participants were trained for 2~3 
hours. The significance of performance difference may become too small to be de-
tected with the limited sample size. 

5 Conclusion 

The influence of interfaces with different information organization on human perfor-
mance in a simulated EOP task was studied. The findings from this study revealed the 
importance of designing an appropriate interface for EOP and similar tasks. 

The experiment results show that the functional interface based on FBTA was su-
perior significantly to the process interface in user workload. This advantage is of 
importance. In main control room of nuclear power plants, especially when executing 
emergency operations, operators are subjected to high pressure. The functional design 
can reduce workload and may thus further reduce human errors. The results did not 
prove the superiority of the functional interface to the process one in search efficiency 
and difficulty of information abstraction, since no significant differences were found 
in the number of fixations per route and fixations duration mean values.  

There were some limitations in this study. (1) that the use of student participants 
may limit the generalization of the conclusions from this study. (2) The sample size 
was relatively small.  
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Abstract. This study investigated participants’ judgements of effectiveness and 
good-design with regard to visual messages of risks, as well as the relationships 
between their judgements and emotional responses. It examined whether fear-
appeals influence emotional responses and judgements. The findings suggested 
that emotions appeared to be strong predictors of judgements of effectiveness 
and good-design. In general, for both the designers and users, the more emo-
tionally salient (high arousal, high dominance and either high pleasure or high 
displeasure) stimuli were perceived, the more effective and the better the design 
they were judged. In addition, strong fear appeals were perceived as more effec-
tive and better designed.  

Keywords: emotion, judgement, fear-appeals. 

1 Introduction 

A growing number of researchers in the design field have become aware that the emo-
tional response to a visual artefact is vital to the message’s success in communicating 
information to users. These researchers, often by examination of the visual aspect of a 
design, have endeavoured to understand how it can be affected by emotions. Cameron 
and Chan [1] pointed out that much of the research on risk communication has cen-
tred on cognitive mechanisms and rationality, but relatively little has been done to 
delineate the influence of emotion and imagery on health behaviour. Previous studies 
sought to understand the relationship between emotion and risk perception found that 
fear appeals can affect risk perceptions; there is, however, considerable debate as to 
whether fear appeals can affect attitudes, decision-making or behaviour. 

Although visual messages designed to communicate risk are not always effective 
[2], sometimes even misleading, little empirical research has been carried out to in-
vestigate the use of visual display for risk communication. Most of these studies on 
visual communication of risks focuses on specific risk (e.g. HIV/AIDS), or specific 
precautionary behaviours [e.g. breast cancer screening in3]. In addition, research in 
the areas of psychophysics, and human factors has not examined risk communication 
fully. Studies on visual representation to communicate risk are often atheoretical [4, 
5]. In the area of visual communication, although a great deal of attention has been 
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paid to visual health campaigns, especially campaigns in third world countries, these 
publications are largely advocacy-based and aesthetic judgements rather than empiri-
cal research. 

This study investigated the possibility of differences in emotional responses and 
the judgements of effectiveness and good-design among the users and the designers. It 
sought to answer three questions: 1. Do participants’ judgment of effectiveness corre-
late with their judgments of good design? 2. Do participants’ emotional responses 
correlate with their judgements? 3. Whether fear-appeals influence emotional res-
ponses and judgements? 

1.1 Emotional Design: A Visual Communication Perspective 

More marketers and product designers recognise emotion as a vital factor in success-
ful selling products [6] and that emotion-engendering products generate higher cus-
tomer-perceived value [7]. Givechi and Velázquez said that better design can provoke 
positive emotions from people such as a feeling of achievement, inspiration and joy 
[8]. Noble and Kumar [9] suggested, positive emotions are strongly associated with 
marketing-based outcomes such as attachment, loyalty, commitment and passion. In 
the book “Designing Pleasurable Product”, Jordan [10] proposed a three-level hie-
rarchy model (Level 1: Functionality; Level 2: Usability; Level 3: Pleasure). When 
the functionality and usability are fulfilled, people will want something more - prod-
ucts that bring pleasure. He described three aspects which are associated with pleasur-
able products: emotional and hedonic and practical benefits. Similarly, psychologist 
Donald Norman published one of the most highly cited books in design: “Emotional 
Design: Why We Love (or Hate) Everyday Things”, which emphasizes emotion plays 
an important role in product design; human-centred and attractive designs (products) 
work better [11]. A considerable research effort has been devoted to this area, for 
instance, Jordan [10] formulated a questionnaire for assessing ‘product pleasurability’ 
for Philips Corporate Design [as cited in 10]; Khalid and Helander [12] presented a 
framework for evaluation of affective design, and “the goal is to achieve a pleasurable 
and satisfying product” [12].  

1.2 Fear Appeals 

Previous studies have demonstrated a correlation between emotion and perceived risk. 
For example, when participants were asked to identify the first thought or image they 
associated with nuclear waste repository, most of the images that aroused people were 
emotionally negative, for example, dangerous/toxic, death/sickness [13, 14]. Many 
theorists believe that, arouse visceral emotion of fear in individuals will increase their 
perceived severity of the health risk. “Fear appeals are persuasive messages that em-
phasize the harmful physical or social consequences of failing to comply with  
message recommendations”[15]. Fear appeals evoke not only fear but a variety of 
emotions, such as anxiety and disgust, and each arousal emotion has separate and 
unique effects on persuasion [16, 17]. According to Cauberghe et al. [18] the term 
‘fear appeals’ is incorrectly used when referring to ‘threat appeals’. Nevertheless, 
because it is a prevailing usage in the literature, the term ‘fear appeals’ is used here.  
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Dilemma of Fear Appeals. Health promotional campaigns have been confronted 
with dilemmas involving whether to incite people’s negative emotions, often using an 
imagery of grotesque body, to take up precautionary measure. Having reviewed the 
literature on fear appeals, Strahan and colleagues stressed that fear appeals can be 
effective in influencing health behaviour [19]. For example, in research which ex-
amined whether fear appeal messages related to skin cancer can promote skin protec-
tive behaviour, the results showed that participants who received highly threatening 
fear appeal messages (with pictures of people with skin cancer) expressed more wil-
lingness to take preventive measures to protect their skin than those who only re-
ceived text messages alone [20]. Hammond and colleagues [21] found that smokers 
who had greater negative emotions in response to the graphic warning labels were 
more likely to have quit, attempted to quit, or reduced smoking. Studies on the web-
based avian influenza (bird flu) education program found that the fear appeal program 
was more effective than the humour-based program in improving risk perception and 
educating the students about healthy behaviour [22]. Research has also demonstrated 
the effectiveness of both positive and negative emotional health messages in influen-
cing relevant behaviour [23]. 

Although the above studies stressed the role of emotion in the effectiveness of 
health risk communication, there has been controversy over the use of fear appeals. 
Critics of this approach have opposed the use of fear appeal, contending that it is inef-
fective [1, 24]. It has also been suggested that using fear arousal as a persuasion tactic 
is unethical. Hastings and colleagues [25] pointed out that there may be consequential 
collateral damage. As fear appeal messages in mass media reach far larger audiences, 
and inevitably reach unintended audiences such as untargeted children.  

1.3 The PAD Emotion Scales 

The dimensional approaches of measuring emotions- the PAD Emotion Scales [26] 
were employed for this study. The PAD devised by Mehrabian and Russell is one of 
the most critically acclaimed emotional assessment instruments. Mehrabian and Rus-
sell [27] proposed a three-dimensional model of emotion, stating that all human emo-
tions can be adequately described by three continuous, bipolar, and nearly orthogonal 
dimensions, pleasure (P), arousal (A) and dominance (D). One of the strengths of the 
PAD is that it permits calculation of the average emotional response of a group to any 
stimulus, and that it is designed to capture the entire domain of emotional experiences 
rather than to measure specific emotions.  

The validity and reliability of the PAD is well established [28-30], and it has also 
been employed and gained recognition in various fields for assessing emotional res-
ponses, such as in consumer research [31, 32] and in design [33]. Havlena and Holbrook 
[28] assessed comparative reliabilities and validities of Mehrabian and Russell’s PAD 
Emotion Scales and Plutchik’s Emotion Profile Index (basic emotion approach), and 
posited that the PAD scheme allows one to describe an emotional experience in terms of 
specific emotions as well as the dimensions underlying the emotion states. They con-
cluded that the PAD paradigm outperforms Plutchik’s emotional categories.  
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Behavioural studies have shown that emotions are multidimensional [34]. How 
these multiple dimensions are processed in the brain is still not understood. Evidence 
from a recent fMRI study demonstrated that a three-dimensional approach is a more 
robust emotional assessment method than the discrete approach. Morris and associates 
identified different functional regions of the brain that correspond to both the pleasure 
and the arousal dimensions of the PAD Emotion Scales and found that there was a 
high correlation between the self–report PAD measurement and the fMRI data [35]. 

2 Method 

2.1 Participants 

A total of 324 Taiwanese participated in this study. The effective sample size was 289 
(mean age 22.18, SD 6.08, range 18-63; 196 women: mean age 21.74, SD 5.30, range 
18-45); 113 men: mean age 22.88, SD 7.10, range 18-63) after discarding invalid 
samples. Some data were eliminated from further analyses because of omitting items 
or a suspicion of careless responding, i.e. lack of variability and extremity bias [36]. 
Among the participants there were 180 from a visual communication design back-
ground and 109 from a non-design related background (such as engineering). The 
design students participating in the study were recruited from three universities in 
Taiwan.  

2.2 Materials 

The stimuli consisted of visuals representing different emotional dimensions and particu-
larly whether fear or non-fear appeals. Mehrabian [37] believed that discrete emotion are 
better described as a three-dimensional PAD space, and single emotions always confound 
two or more of the PAD dimensions. It was found, “Fear = (- .64*P, +.60*A, -.43*D)”, 
that fear is represented by low degrees of pleasure (-P), high arousal (+A), and involved 
low dominance (-D) [27]. The six stimuli that had the highest mean pleasure-displeasure 
scores (low pleasure) and the lowest mean arousal/non-arousal scores (high arousal) were 
selected for the fear-appeal group, and the four stimuli that had the lowest mean pleasure-
displeasure scores (high pleasure) and highest mean arousal/non-arousal scores (low 
arousal) were selected for the non-fear group.  

PAD Scales. The Chinese-language PAD Emotion Scales[38] were used to assess 
participants’ emotional responses (see Table 1). 

Table 1. 12 items PAD Emotion Scales 

Pleasure (P) Arousal (A) Dominance (D)  

P1: Happy-Unhappy 
P2: Pleased- Annoyed  
P3: Satisfied-Unsatisfied  
P5: Hopeful –Despairing  

A3: Frenzied-Sluggish  
A4: Jittery-Dull  
A5: Wide awake-Sleepy  
A6: Aroused- Unaroused 

D1: Controlling-Controlled  
D2: Dominant –Submissive 
D3: Influential-Influenced  
D6: In control-Cared for 
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2.3 Procedure 

Using the 12-item Chinese version of the PAD Emotion Scales, participants viewed 
15 visual stimuli and rated how each stimulus made them feel according to three di-
mensions of emotional response. They ticked one of seven spaces between two bipo-
lar adjectives to show their evaluation. Two additional questions were asked with 
each stimulus to assess participants' opinions. The first question was “Do you think 
this visual artefact is effective?” and secondly “Do you think this is a good design?” 
Participants were requested to rate both questions on a 7-point-scale, from ‘strongly 
disagree’ to ‘strongly agree’. The experiment took an average of 30 to 50 minutes to 
complete. 

3 Results 

Pearson correlation coefficients were calculated to reveal possible relationships be-
tween participant’s judgement of effectiveness (E) and their judgement of good-
design (G). The results showed that the overall Person correlation between E and G 
based on all participants was 0.65, p<0.01. Further analyses confirmed that, irrespec-
tive of stimuli categories (i.e. fear or non-fear), high correlations between the ratings 
of effectiveness and ratings of good-design were observed for both designers and 
users (all at p<0.01). 

In order to determine whether emotional responses predict judgements of effec-
tiveness and good-design, regressions were performed on the ratings of effectiveness 
and good-design using three PAD scales as the predictors. The multiple regression 
analysis revealed that, in response to non-fear appeals the same patterns were found 
for designers and users (Fig. 1 and 2). The ratings of effectiveness of both the design-
ers and users were negatively correlated with arousal (all at p<0.01), and the ratings 
of good-design were negatively correlated with pleasure and arousal (designers: all at 
p<0.01; users: p<0.05 for pleasure and p<0.01 for arousal). These results imply that 
when the induced arousal was greater they evaluated the non-fear appeal stimuli as 
more effective, and when they perceived greater pleasure and arousal they rated the 
non-fear appeals as better designed. 

In regard to fear appeals, different patterns were found for designers and users 
(Fig. 3 and 4). Designers’ pleasure and arousal responses predicted their ratings of 
effectiveness and good-design. Pleasure was positively correlated with effectiveness 
(p<0.05) but negatively correlated with good-design (p<0.01); arousal was negatively 
correlated with both effectiveness and good-design (both at p<0.01). These results 
indicate that when the designers perceived a greater displeasure and arousal they eva-
luated the fear appeal stimuli as more effective; however, greater pleasure and arousal 
were associated with better-designed. Users’ arousal responses predicted their effec-
tiveness ratings, and arousal and dominance responses predicted their ratings of good-
design (all at p<0.01), indicating that the users evaluated the fear appeal stimuli as 
more effective when they perceived a greater arousal, and when the perceived arousal 
and submissiveness were greater they rated the fear appeals as better designed. 
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Fig. 1. Output diagram of emotion predicting ratings of effectiveness and good-design on non-
fear appeals by designers 

 
 
 

 

Fig. 2. Output diagram of emotion predicting ratings of effectiveness and good-design on non-
fear appeals by users 

-0.033 

-0.431** 

 -0.108 

Dominance 

Arousal 

Pleasure 

Effectiveness 

Good-design 
- 0.198* 

 -0.399** 

  0.025 

Good-design 

-0.001 

-0.300**   

-0.142 

- 0.201** 

 -0.235** 

 -0.136 

Dominance 

Arousal 

Pleasure 

Effectiveness 



302 H.Y. Hsieh 

 

 

Fig. 3. Output diagram of emotion predicting ratings of effectiveness and good-design on fear 
appeals by designers 

 

 

Fig. 4. Output diagram of emotion predicting ratings of effectiveness and good-design on fear 
appeals by users 

4 Discussion 

This study investigated participants’ judgements of effectiveness and good-design, 
and whether emotional responses predict the judgements. For both designers and us-
ers and irrespective of stimuli categories, it was found that the ratings of effectiveness 
and ratings of good-design exhibited extremely high correlations, which indicates that 
they might be measuring similar concepts. The multiple regression analyses revealed 
a high degree of association between participants’ ratings of effectiveness and good-
design with three PAD scales. 
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Although the two questions, effectiveness and good-design, addressed somewhat 
different content, the Pearson correlations between the two were reasonably high. 
This indicates positive associations between the two questions; when the rating of 
effectiveness was high, the rating of good-design was high in both designers and us-
ers. Designer Milton Glaser recalled that ‘good’ used to refer to a quality of honest 
and truthful in the early fifties, but today, “good simply means effective” [39]. The 
current findings indicate that the concepts of good design and effective design might 
be similar for both participating designers and users, although the correlations be-
tween the two measures were marginally higher for users. An effective design may 
not be a good design; a good design requires a balanced combination of aesthetics, 
usability, ethics and effectiveness. The concepts of good design and effective design 
are not synonymous. 

There is a high degree of association between judgements of effectiveness and 
judgements of good-design with three PAD scales. In general, for both the designers 
and users, the more emotionally salient (high arousal, high dominance and either high 
pleasure or high displeasure) stimuli were perceived, the more effective and the better 
the design they were judged. It also indicates that strong fear appeals were perceived 
as more effective and better designed. 

The results of the regression analyses revealed that emotions were strong predic-
tors of judgements of effectiveness and good-design. Pleasure and arousal accounted 
for most of the significant relations. Arousal stood out as the strongest predictor of the 
judgements of effectiveness and good-design; the higher the arousal, the more effec-
tive and the better the design for both the designers and users. In regard to fear ap-
peals, different patterns were observed for designers and users. Pleasure and arousal 
predicted the judgements of effectiveness and good-design of designers, although 
pleasure appeared to exert opposite effects between their ratings of effectiveness and 
good-design. On the other hand, pleasure did not predict users’ ratings of effective-
ness and good-design, but dominance significantly correlated with users’ judgements 
of good-design. These findings fit well with the observation that addresses the power-
ful influence of emotion on judgement, and reinforce the need for a better understand-
ing of the emotional dimensions in visual communication of risks. 
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Abstract. Thirty-one usability problems for a smart TV music service system 
have been identified by different user groups through the cooperative evaluation 
method. Design solutions can be provided based on the priority of the identified 
usability problems, the classifications between functionality and quality issues, 
or between display and control issues, and the foci on specific user groups. 
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1 Introduction 

After the surge of smart phones and tablets in the market, information communication 
technology industry now aims at the next promising market: smart televisions (TVs). 
There are several relevant terms, such as the Internet Protocol TVs (IPTVs), 
Connected TVs, and Internet TVs to emphasize the capability of connecting with the 
Internet; the digital TVs to highlight digital information contents; and the interactive 
TVs (iTVs) to indicate the nature of interactivity. In this paper, we use "smart TVs" as 
the term to represent the TVs that can connect to the Internet and provide digital 
contents to people through their interactions with the TVs. 

Various applications and services have been launched on the platform of smart 
TVs. However, application designers and service providers are still exploring the 
ways of understanding this new context of use and its associated user requirements. 
Cesar and Chorianopoulos [1] predicted that the traditional production-distribution-
consumption model will be replaced by the new creation-share-control model. This 
new model could be achieve through the user interface design to enable the 
capabilities for TV viewers to act as directors for participating content authoring [2]. 

Compared to the context of using desktop computers, the interaction with smart 
TV is more entertainment-oriented and home-based rather than work-oriented and 
office-based. Families with different generations are usually the use groups of smart 
TVs. An ethnographic study in Austria about TV viewing experience reported that 
older households were more interested in receiving information from TVs compared 
to younger households who were used to receiving information from computers [3]. A 
telephone survey in Taiwan pointed out that the younger generation was more willing 
to adopt smart TV services than the older generation at home [4]. 
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The design of interactions between users and smart TVs is a key to the success of 
smart TVs since people now not only passively watch smart TVs but also proactively 
use and interact with them. Conventional remote controls are still the major input 
appliances. A usability test revealed that users pushed arrow buttons more than the 
color buttons, and still had difficulty in text-inputs with conventional remote controls 
[5]. Therefore, new technologies and methods of smart TV control have been 
proposed, such as the second screen to use smart phones or tablets as the remote 
controls [6], automatic viewer detection technology [7], and control by gestures or 
voices [8]. 

This paper presents a usability analysis of a smart TV music service. The service has 
not met provider's expectation in terms of subscription rate, and the manager would like 
to know what might go wrong with the service. However, little literature has been 
published on smart TV music service. Previous research about the mobile music services 
has found out that the sound quality and content variety of the service were important to 
consumer adoption, whereas the personalization and usability of the service were the 
most desired features [9]. A design for home music appliances which focused on visual 
information seeking and screen displays has also been proposed [10]. 

Similar to its personal computer version, the home page of the studied music 
service system was clean and simple at the first glimpse. As shown in Figure 1, six 
rounded rectangle buttons were listed at the bottom of the screen from left to right. 
They represented six main functions of (1) billboard list, (2) random play, (3) new 
albums list, (4) song search, (5) my favorites list, and (6) my account management. A 
conventional TV remote control was the device to interact with the music service 
system. A preliminary expert review was conducted and found many potential 
usability problems related to system performance, display content and format, 
navigation, and control. To confirm our findings of usability problems, we decided to 
recruit prospective users to try out the system by applying the cooperative evaluation 
method [11]. 

 

Fig. 1. Schematic screen layout 
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2 Method 

Cooperative evaluation was introduced by Monk and his colleagues [11]. It was an 
effective method for obtaining data about critical usability problems with the 
minimum of effort. The four main steps of this approach were: (1) recruit users, (2) 
prepare tasks, (3) interact and record, and (4) debrief [11]. 

2.1 Participants 

Due to the time constraint, only five participants were recruited to represent three 
groups of users. Among the five participants, three were female and two were male. 
Two females were office workers in their early thirties, whereas the third female was 
a sixty-year-old stay-at-home mom. Two males were college students in their mid- 
twenties. 

2.2 Apparatus 

A room was set up to mimic a living room with a couch, a coffee table, an LCD TV 
connected with a set-up box, and a conventional remote control. A voice recorder was 
put on the coffee table for recording what participants said during the session. 

2.3 Procedures 

Each participant spent about two hours individually in trying out the music service 
system with the presence of the authors. Participants were asked to perform following 
tasks: 

─ Log in the account 
─ Find a specific song 
─ Find some songs and put them into my favorites list 
─ Go to random play and put the song heard into my favorites list 
─ Go to my favorites list and delete a specific song 

During the session, participants were encouraged to speak out their opinions and 
feelings about the system, and to explore different functions as many as possible. 
Usability problems were then identified based on data about what participants said 
and what we observed during each session. 

When the participant completed the tasks, an interview was conducted to 
understand participants' music listening habits, preferences on service functionality, 
and ideas for system improvement. 

3 Results and Discussion 

Total thirty-one usability problems have been pointed out by participants. Among 
these problems, ten have been identified by all five participants, four have been 
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identified by four participants, seven have been identified by three participants, four 
have been identified by two participants, and six problems have been identified by 
only one participant. Table 1 lists the usability problems and the corresponding 
number of participants who identified them. 

Table 1. Identified usability problems 

Usability Problem # 
1 System response lag 5 
2 Difficulty in finding a song 5 
3 Invalid songs in the playlist 5 
4 Difficulty in using the remote control 5 
5 Excessive results from the song search 5 
6 Confusion with the music catelogs 5 
7 No play control in the random play mode 5 
8 No add-to-my-favorite function in the random play mode 5 
9 No turn-a-page function and indication for the playlist 5 
10 No back-to-the-first-page function on the last page of the playlist 5 
11 Possibility to exit the system by accident 4 
12 Duplicate songs in the playlist 4 
13 Ambiguous organization of song search results 4 
14 No playlist display function in the random play mode 4 
15 No move-to-the-next-song function except in the karaoke mode 3 
16 Unexpected addition of the song played into the playlist 3 
17 No delete-multiple-songs function in the playlist 3 
18 Incomplete display of song serach results 3 
19 Response lag of the return-to-main-menu function 3 
20 No back-to-main-menu function in the palylist 3 
21 No lyrics display fuction in the karaoke mode 3 
22 No standard English-to-Chinese traslation of artists‘ names 2 
23 No partial modification function for type-ins 2 
24 Incompatible layout between virtual keyboard and remote control 2 
25 No find-movie-soundtracks function under the movie catelog 2 
26 Possibility to delete all songs in the playlist by accident 1 
27 No select-a-song-by-remote-number-buttons function in the albums list 1 
28 No replay function in the playlist 1 
29 Foreign language (English) for logging in the account 1 
30 No log-in window displayed on the home page 1 
31 No record of list for songs played in the random play mode 1 

Note: #: The number of participants identified the problem 
 

There was not much different in the numbers of usability problems identified per 
participant (ranged from 17 to 24). Thirteen out of the 31 usability problems (No. 1-
10, 11, 13, and 19 in Table 1) have been identified by the three groups (young female 
workers, young male students, and old stay-at-home mom). Nine usability problems 
(No. 12, 14-18, and 21-23 in Table 1) have been identified by both the groups of 
young female worker(s) and male student(s) but not by the old stay-at-home mom. 
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Two usability problems (No. 20 and 24 in Table 1) have been identified by both the 
young male student(s) and old stay-at-home mom but not by the young female 
worker(s). Four usability problems (No. 25, 28, and 30-31 in Table 1) have been 
identified by only the young male student. One (No. 26 in Table 1) usability problem 
has been identified only by the young female worker, and two (No. 27 and 29) 
usability problems have been identified only by the stay-at-home mom. Figure 2 
presents the percentages of identified usability problems from different combinations 
of the three user groups. It indicates that while every group identified their own 
usability problems, about 80% of the usability problems have been identified by at 
least two of the three user groups. 

 

Fig. 2. Percentages of identified usability problems among the three user groups 

The identified usability problems can be categorized into the problems related to 
functionality issues and quality issues. While functionality issues are about what the 
system is expected to have, quality issues are about how good to perform a function. 
Table 2 shows the corresponding usability problems and percentages of these two 
categories. 

Table 2. Usability problems: fuctionality versus quality 

Category Corresponding Usability Problems Percentage 
Functionality 7-10, 14, 15, 17, 20, 21, 25, 27, 28, 31 42% 
Quality 1-6, 11-13, 16, 18, 19, 22-24, 26, 29, 30 58% 
 

As shown in Table 2, the studied music service system had significant usability 
problems in both functionality and quality issues. 

These usability problems can also be classified as display issues and control issues. 
Table 3 shows the corresponding usability problems and percentages of these two 
categories. 

Table 3. Usability problems: display versus control 

Category Corresponding Usability Problems Percentage 
Dispaly 3, 5, 6, 12, 13, 18, 24, 30 26% 
Control 1, 2, 4, 7-11, 14-17, 19-23, 25-29, 31 74% 
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As shown in Table 3, the studied music service system had more significant 
usability problems in control than in display. 

4 Conclusion 

Results of the usability analysis were consistent with the findings from the 
preliminary expert review. The cooperative evaluation method applied in this study 
could identify usability problems with an effective and efficient manner. The findings 
of this research support the idea that the design suggestions therefore can be provided 
with various aspects: the priority of solving the usability problems can be based on 
the order listed in Table 1. While functionality and quality design issues can refer to 
Table 2, display and control design issues can refer to Table 3. Based on the findings, 
the service provider can also find better solutions for the (re)design of applications 
and services of smart TVs music service with the foci on specific user groups. A 
limitation of this study is that the numbers of participants were relatively small. It 
would be interesting to examine if any new usability problem will be identified with 
more participants to represent their user groups. Further research can also extend the 
results to the study of user experience on smart TV music services. 
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Abstract. The spatial gesture control system is an integrated control system, 
and a new hope for In-Vehicle Information Systems (IVISs). It needs lots of 
further research for practical use of the working systems in reality. Concept de-
signs and evaluation standards can be investigated at the initial stage of the re-
search. In this study, we established a usability evaluation model for the spatial 
gesture control system, and determinants for user satisfaction in driving have 
been investigated. Finally, some gesture interfaces were evaluated with a hu-
man factors experiment. 

Keywords: spatial gesture control, IVISs, usability. 

1 Introduction 

Considering the complex computerized interior system of cars, driving is an inte-
grated human-computer-interaction activity almost everyone gets involved every day. 
While driving a vehicle, the driver is performing varied tasks. These tasks can be 
classified into two main categories – the primary tasks and the secondary tasks.  

While finishing the primary tasks depends largely on the hardware of a vehicle, the 
performance in finishing the secondary tasks leaves a lot work on the interface design. 
As the development of modern technology and entertainment, drivers have been 
gradually exposed to rows of buttons, knobs and touch-screens in order to control 
radios, CD players, GPS devices, lights, air conditioners, and even TV sets and Inter-
net connections. All of these fancy features are joyful in using on one hand, while on 
the other hand, are stressful to use properly for drivers. Designers in the auto industry 
have been working on integrating many secondary controls into a single menu-based 
interactive system [1], with only the most frequent and important controls left as hard 
switches. The gesture control on capacitive screens has been proven a genuine success 
in the cell phone and tablet PC market, seems to be a revolutionary solution of the 
IVISs. However, it cannot be ignored that the touch-screen requires a certain level of 
visual attention and it might has negative impact on safety. Besides, a relative accu-
rate position and movement of the finger(s) is often not easy in a bumpy context. 
Considering the requirements of visibility and reachability, a compromised position of 
the touch-screen may mean that the drivers must be held outstretched during opera-
tion, which might cause some level of muscle fatigue, and at the mean time, the  
position of the arm and fingers may obscure part of the screen [2]. Other solutions 
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such as voice recognition and steering wheel-mounted controls are often used to sup-
plement IVISs [3], but they have “inherent limitations without significant safety bene-
fits” [1].  

The development of depth-sense camera technology in the recent years, however, 
shows a new possible solution by offering the detection of location and movements in 
3D-form. Spatial gestures, or the 3D-form gestures, differ from conventional notion 
of gestures limited on a 2D interface. And we are able to develop interfaces marked 
with the spatial gesture control system to interact with the systems by using hand and 
body gestures in 3D-form. 

In this study, as an exploration to this field, we built the evaluation model of the 
usability of this kind of system, and conducted a small-scale test on a subset of the 
parameters. Along with the experiments, we also aimed to collect some intuitive spa-
tial gestures via interviewing the subjects. 

2 Determinants of User Satisfaction in Driving 

To assist the design and evaluation process of the system, we need to acquire a tool to 
predict the performance of the specific solution under real conditions of use. That 
requires a modeling process and technical standards for the definition of the perfor-
mance. Card, Moran, and Newell proposed a model concerning the interaction  
between the task, user, and computer (represents for any interactive system) would 
enable designers to predict system performance [4]: 

 Model(Task, User, Computer) → System Performance 

Since usability of a system is a part, or a kind, of the system performance, we speci-
fied the model for our study as: 

 Model(Task, User, Computer) → System Usability 

According to this model, before predicting the system usability, the essence of the 
specific tasks, the users’ requirements, and the features of the computer, need to be 
further understood. 

The Task 
Driving is a complex, multitasking activity [5], consisting of interactions between the 
driver, the car, and the environment [6]. As concluded in former sections, driving task 
includes two major categories – primary and secondary. Hedlund, Simpson, and 
Mayhew listed steering, accelerating, braking, speed choice, lane choice, maneuver-
ing in traffic, navigation to destination, and scanning for hazards as the primary driv-
ing tasks [7]. Hedlund et al. also defined the secondary tasks as all other tasks  
performed by the driver that are not directly related to driving [7]. Secondary tasks are 
not essential to successful driving, but to enhance the driving experience while ad-
dressing the driver’s needs [8]. Harvey et al. further concluded that the secondary 
tasks are to provide information, entertainment, and a means of communication, and 
enhance comfort to the driver [3]. 
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The User 
There are abundant technologies, software and hardware, supporting the in-vehicle 
interactions. Though the advance of technology itself boosts the driving experience, it 
cannot be neglected that the capabilities and fitness of the human operator, as a partic-
ipant of the entire system, is a source of constraint. In some literatures, the focus has 
transited from technology, solely, to consideration of how to integrate the technology 
with the human element of the interaction [9]. And in the same literature, Walker et 
al. identified three main driver needs: safety, efficiency and enjoyment, which are 
considered important by automotive manufactures related to the information and 
communication technologies in vehicles [9]. 

The user safety is defined as the capacity to avoid risk or damage to the user in op-
eration [10]. Based on a previous test, Klauer et al. estimated that distraction caused 
by secondary task interaction contributed to more than 22% of all crashes and near 
crashes, and the distraction caused by the interaction should also be noticed and con-
sidered during the design process [11]. The distraction of an IVIS should be meas-
ured. Efficiency is defined here as the capacity of reaching the destination in an  
acceptable time with acceptable expense. The efficiency of IVISs is defined by the 
degree of whose ability of presenting clear and useful information, successful and 
efficient input, and monitoring of the state, thus it is determined by the design of the 
system and its interface [3]. As transporting is not the only requirement for driving for 
many people, the enjoyment of driving can be a key issue in elevating the driving 
experience. Enjoyment comes from comfort and satisfaction, and can be measured 
subjectively by evaluating user’s preferences [3]. Although enjoyment doesn’t affect 
finishing the primary driving tasks directly, it does help the process by relieving the 
boredom and maintaining the driver’s alertness [12]. 

The System 
Automotive manufactures have attempted to integrate secondary driving controls into 
a single interactive, screen-based IVIS: touch screen as the direct way, and rotary 
controller as the indirect way [3]. Both solutions need screens to give the feedbacks 
and display the statuses of the systems. The major difference is the translation be-
tween the input from the user and the reaction of the device [13]. The indirect devices 
have this kind of translation, while the direct devices do not. Although touch screen 
has a significant advantage of direct devices - easy to learn, the inherent disadvantag-
es caused by the position of the screen remain constraint of the user’s experience. The 
spatial gesture control interface is a brand new realization of IVISs. By applying the 
spatial gesture control, it is hopeful to acquire the advantages of both solutions: easy 
to learn, and ergonomically optimal position of the screen. 

And as a kind of information systems, van der Heijden stated that the nature of in-
formation systems could be classified into utilitarian and hedonic [14]. The former 
category provide external value via the interaction, and the latter one is to provide 
self-fulfilling and the internal satisfaction, rather than instrumental value to the user 
[15]. Other than the difference of the two categories, previous studies also found a 
significant relationship between perceived enjoyment and behavioral intention to use 
information systems [14]. In other words, the hedonic character of an information 
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system may help increase the users’ intention to perceive the external value by using 
it. This would be an advantage for the spatial gesture control system, if it were gener-
ally conceived that it is more fun than conditional control. 

Predicting the System Usability 
Six factors have been concluded in a previous review of literature relating to IVISs on 
how to measure and improve the usability of these devices: dual task environment, 
environmental conditions, range of users, training provision, frequency of use, and 
uptake [3]. Combined with features of the spatial gesture control system, the indepen-
dent factors of the system usability are concluded and defined as bellow: 

─ Dual task environment: One of the most important factors relating to the usability 
of IVISs was that the interaction with this system was not the driver’s main task 
[16], and most of the time is spent performing the primary driving tasks in vehicles 
[17,18].  

─ Environmental conditions: Unlike other information devices, the IVISs are de-
signed to use in a variety of environmental conditions. Thus the impact of the envi-
ronmental factors such as light levels, sound levels, road conditions, weather, and 
other road users, emergency levels (e.g., rushing to a hospital for severely injured 
passenger), need to be considered, tested, and measured. 

─ Range of users: The population of potential IVISs users is very diverse in physical, 
intellectual, and perceptual characteristics, thus requires special consideration in 
the design and evaluation [3]. Two of the most important and widely studied user 
characteristics are age and experience. Elder drivers and novice drivers are consi-
dered as the most vulnerable group in terms of balancing the dual task environment 
[19,20,21]. 

─ Uptake: This factor describes how easy to learn and to use the system by initial 
users. The issue of uptake is strongly related to the user’s subjective experience of 
the system, as this will determined whether the IVIS is with usability in driving [3]. 

─ Weighs of functions: based on the original term “frequency of use” as listed by 
Harvey et al. [3], the weights of functions considered both the frequency of use and 
the perceived importance of each functions controlled by the system. 

─ Perceived controllability: As resembles the physical gaming devices, the spatial 
gesture control interface uses user’s physical movement as input. Considering the 
motion-sense is the foundation of this system, the perceived controllability is pro-
posed to represent the extent to which the user perceives the system is under his or 
her spatial gesture control. 

─ Perceived enjoyment: Since enjoyment is a key user requirement of the feature of 
the system, the perceived enjoyment is proposed representing the extent to which 
the user enjoys using the system. The possible muscle fatigue and any other impact 
of the body movement are to be considered in this issue. 

─ Perceived comfort: The spatial gesture interface requires the user controlling the 
system via physical movement in a defined pattern. Thus the characters of the 
movement, such as, the range, the direction and the trajectory of the movement will 
have impact on the physical and mental comfort the user perceived during the 
process. 
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All of the eight factors are intermediate points for further analysis. The analysis could 
work as an instructive segmentation of finding qualitative measurable independent 
variables of the system usability. 

3 Case Study: An Experiment 

Lehto, Mark, and Jim Buck defined that system usability includes three aspects: effi-
ciency, effectiveness, and satisfaction [22]. As a subset of usability, the satisfaction 
was our primary focus in this study. To evaluate the satisfaction via an indoor test, we 
arbitrarily selected three of the eight factors we mentioned above to design the expe-
riment: perceived controllability, perceived enjoyment, and perceived comfort. The 
following experiment was designed to reveal the relationship between these three 
factors and the gesture. 

Subjects 
We invited 9 subjects for the test, aged from 21 to 53, and consisted of 6 male and 3 
female. All of the subjects have driving license. Their driving frequency and expe-
rience are varied. 

Variables: Independent and Dependent Variables 
Perceived controllability, perceived enjoyment and perceived comfort were chosen as 
the dependent variables. Since this test was to study the relationship of the spatial 
gestures and users’ satisfaction, the independent variables should be able to define the 
gestures. Thus, three factors were defined as the independent variables: 

─ Gesture Direction: The trajectory of a spatial gesture can be a curve, a spatial qua-
drilateral, etc. While a straight line is the simplest one, thus the direction of “draw-
ing” the line might have impact in to the dependent variables. The variable had two 
levels (horizontal, vertical) in the experiment. 

─ Gesture Part: The body movement appears in various scale. To make an action to 
the system, the user may move fingers, wrist, elbow and shoulder. Thus the move-
ment can be scaled by the largest joint it takes, such as, wrist-scale, and elbow-
scale. We choose two levels (wrist, elbow) in our experiment.  

─ Task: The functions of IVIS can be sorted into several classes, while there are two 
basic types: the control of ON/OFF, and of UP/DOWN. The first class is to change 
between two statuses; the second one is to adjust among several discrete statuses 
(i.e. switching radio) or to control a continuous variable (i.e. the volume of the ra-
dio). In this test, we choose the control of the doom light and of the radio volume 
as two levels of this factor. 

Therefore, the test was designed to study the impact of the three independent va-
riables to the three dependent variables. 
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Experimental Design: .  Full-Factorial, Within Subject Design 
Each of the independent variables were given two status. The 2x2x2 factorial design 
was used for the experiment as shown in Fig. 1. In addition, a within-subject design 
was used for better comparisons with the eight treatments. That is, each subject tried 
all of 8 treatments. The trial order was randomized to minimize learning effects. 

 

Fig. 1. The 2  Full-Factorial Design 

Apparatus 
Wizard of Oz Approach. As an integrated IVIS, it requires immediate feedback from 
the system and the specific design and development remain variable in several as-
pects, thus making it difficult and inefficient to use functional prototype in a real ve-
hicle. For this reason, we decided to conduct the experiment with a Wizard of OZ 
(WOz) approach, which was first used by Gould et al. [23]. We replaced the central 
computer with a human operator, observed the users and controlled the related func-
tions and feedbacks in the prototype with a computer.  

The Wizard of Oz method has been used for a variety of intentions in HCI litera-
ture. Dahlbäck et al. used this method to design and collect language corpora in 
speech-based systems [24]. Höysniemi et al. further developed the idea of using WOz 
method in collecting corpora, but based on the children’s body language – their intui-
tive gestures in an interactive physical video game [25]. 

Although the Wizard of Oz approach is widely reported in HCI literature, the pa-
pers contain little ethical discussion related to the method [25]. We decided to specify 
our reasons for the application of the WOz method as follow, 

─ As to summarize an instruction to the further development of the final system, we 
need to use a prototype that can present the features, and at the same time feasible 
for rapid improvement. The key point is the ability to change the functions without 
laborious and time-consuming coding and debugging during the study. 

─ Using a wizard, combined with adequate training prior to the test to ensure the 
experience matching our design. The responsiveness and the successful recognition 
rate were important for this system. 

─ The method, in the process, can also help us gather valuable information on the 
natural and intuitive body language in the specific context. There is no existing re-
search on the body language users prefer in a vehicular context, focusing on finish-
ing the secondary tasks on IVISs. 
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Previous researches applying WOz also showed other benefits. As to the possible 
latency brings by a human operator, Höysniemi et al. stated in their paper that they 
were “surprised how well the wizard was able to adapt to the children’s movements 
and rapid gesture changes” [25] because the wizard was able to anticipate. 

Experiment Setup. The experiment was held in a lab with LCD to display instructions 
and simulated scene, as shown in Fig. 2.  

 

Fig. 2. Experiment Setup 

Our experiment, following the WOz approach, involved a wizard, a subject, and an 
instructor. The wizard simulated as an integrated program, controlled the devices via 
a computer, observed the user’s command, reacted to the user’s actions, and took 
notes during the interviews. The instructor introduced the tasks, guided the testing and 
interviewed the user during and after the tests. 

The experiment was conducted in two stages. After a brief introduction of the ex-
periment, each subject was first given two tasks in the first stage: turn on and off the 
doom light, and turn up and down the volume of in-vehicle radio player. The subjects 
were required to finish each task without any instruction in order to record the natural 
and intuitive gestures. After a short interview and a break, came the second stage: 
Eight tasks were shown successively with their instructions of the specific spatial 
gesture we defined. After each task, the subject scored (1 to 7) the treatment and was 
interviewed after. 

4 Results and Analysis 

Eight treatments was applied to nine subjects, thus we had 72 data points. A summary 
of the algebra average is shown in Table 1.  

After using ANOVA to analyze the interaction of the three factors,  several con-
clusions were drawn as below. 

First, for the interaction of reaction part and direction, treatments with wrist-scale 
movements and in the vertical direction had high score in all of the three criteria, 
while the combination of elbow-scale and horizontal gesture got the lowest score. 
Second, for the interaction of reaction direction and task, we found that there existed a 
preference of controlling the doom light with vertical movement and a horizontal one 
for the volume adjusting. Third, for the interaction of reaction part and task, all of the 
combinations got medium or high scores in all of the three criteria, except for the 
combination of controlling volume with arm, which was scored low in all the three.  

 



320 Y. Liu, Z. Lu, and P. Choe 

 

Table 1. Average Score of each Treatment 

Treatment 
Perceived 

Enjoyment 

Perceived 

Controllability 

Perceived 

Comfort 
Sum 

1 4.78 5.22 5.22 15.22 

2 5.11 5.33 5.44 15.89 

3 4.89 5.33 5.33 15.56 

4 4.89 5.44 5.56 15.89 

5 5.33 5.67 5.67 16.67 

6 5.22 5.11 4.78 15.11 

7 5.78 6.11 5.89 17.78 

8 5.78 6.00 6.00 17.78 

Other than the pair interaction, we analyzed the means and variance of each treat-
ment’s impact on the three factors as shown in Fig. 3. 

 

Fig. 3. Mean and Variance of the three Factors 

The difference was not significant in perceived enjoyment. All of the nine subjects 
expressed their preference of the spatial gesture interface to the existing buttons and 
knobs. But treatment 6 (adjusting the volume with arm waving up/down) was signifi-
cantly inferior to others in aspects of perceived controllability and perceived comfort. 
Subjects complained that this treatment was against their intuition in a degree, and the 
range of this function was too large considering the frequency. The difference among 
other treatments were not significant enough. But the situation might change for on-
road test, concerning the frequency of use and the dual task environment. 

Combined with the interview, we found that there were other preferences of per-
forming a spatial gesture: 

─ Near the object: users preferred performing near to the object they were control-
ling, i.e. perform a gesture near the doom light to turn it on or off, near the radio to 
adjust the volume. 

─ Resemble the existing movement: during the first stage of the test and the interview 
after, subjects presented significant intention of using gestures that resemble the cur-
rent movement. For example, some subjects preferred to adjust the volume by turning 
their hand clockwise/anti-clockwise as controlling with an invisible knob. 

─ Smaller the better: there is a strong preference of smaller scale gesture, especially 
for frequent functions, such as adjusting volume and choosing songs. 

These preferences are important instructions in designing the standard set of control-
ling gestures in the future. 
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5 Discussion and Conclusions 

In this study, we modeled the evaluation of the spatial gesture control interface, re-
vealed the relationship of the gesture and user satisfaction via an experiment, and 
collected the intuitive gestures of two in-vehicle functions in the interview. However, 
there were several limitations of our study. First, we listed eight intermediate points 
for the evaluation of the spatial gesture interface, and three measurable independent 
variables of a subset of user satisfaction, but the entire group of quantitative measura-
ble variables needs to be further defined and specified, as well as the interaction of the 
variables and the eight points. Second, we used a WOz approach in this study, but we 
believe a full-scale functional prototype would be better for further evaluation of this 
interface, considering the factors such as, dual task environment and environmental 
conditions. Third, a set of standard spatial gestures needs to be defined to make the 
interface fully-functional, and thus larger scale interview and experiments are in need. 
Although there still remains a lot for further research, the spatial gesture interface is a 
promising advance in the intersection of HCI and automobile research, as well as the 
future of IVIS. 
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Abstract. Multicultural aspects of user interfaces (UIs) have been studied for 
years. However, the characteristics of UI English from the viewpoint of non-
native speakers of English have not been discussed widely. This study com-
pares a UI English corpus with general English corpora using the word list  
coverage method and the lexical diversity method. It finds that UI English con-
tains more words that are above introductory level but that it is less diverse than 
general English. Therefore, for non-natives to use software smoothly, they need 
to learn a relatively limited number of words that frequently appear in UIs. 

Keywords: English, non-native, user interface, UI. 

1 Introduction 

Many software products have been developed by US-based companies and their user 
interfaces (UIs) are usually written in English. The Business Software Alliance says, 
"An estimated 65% of the PC software units in service worldwide in 2008 were from 
US-based companies." [1] More recently, distributing software globally through the 
Internet, such as web or smartphone applications, is becoming easier and easier. 

English UIs are often translated and localized for global use. The importance of lo-
calization has been pointed out for years to market software products globally [2, 3]. 
Although some software applications are translated into users' languages, others are 
not due to cost or time constraints. As a result, many non-natives have a chance to use 
UIs written in English. 

The first objective of this study is to clarify the characteristics of English currently 
used in UIs, from the viewpoint of how difficult the English is for non-natives. We 
see the difficulty from two points in this paper: 1) the coverage of a text by English 
word lists for learners and 2) the lexical or vocabulary diversity in a text. Clarifying 
the characteristics of UI English will eventually lead to better UIs, especially for non-
natives. The second objective is to find characteristic words used in UIs. By learning 
these words, non-natives will be able to use software more comfortably. The second 
objective is rather a preliminary study for future work. 
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2 Related Research 

2.1 Studies of UI from Multicultural and Non-natives Perspectives 

UIs have been studied from the multicultural perspective for years by different re-
searchers [4-6]. However, UIs have not been discussed widely from the perspective of 
non-native speakers of English, while some researchers pointed out the importance in 
remarks such as "The user interface must be designed and written so that it is unders-
tandable by a user who speaks English as a second language." [7] 

Because large software companies now recognize the importance of writing Eng-
lish that is understandable for non-native users [8-10], scientific studies need to be 
done to better understand the characteristics of UI English from the viewpoint of non-
native speakers of English, in addition to the multicultural perspective. 

2.2 English Word Lists for Learners 

One of the methods to describe the characteristics of the vocabulary in an English text 
is to compare it with word lists used by learners of English. By measuring how many 
percentage of a vocabulary is covered by word lists, one can guess how difficult the 
text is for learners. Note, however, that this method checks the vocabulary knowledge 
only, and other kinds of abilities such as listening or speaking will not evaluated. 

Examples of the frequently used word lists are General Service List (GSL) [11] 
and Academic Word List (AWL) [12]. The GSL was developed from a corpus largely 
based on the basis of frequency [13]. It includes a total of 2,000 word families1 with 
two different levels, 1,000 for each. The AWL includes 570 word families that are not 
in the GSL and that are frequently used in academic texts. The GSL and AWL have 
been used in combination to see the coverage of text in fields such as business [14] or 
public health [15]. Another example of word lists is the list developed by Paul Nation 
from the British National Corpus (BNC) [16]. This BNC list is in the order of fre-
quency and has 14 levels, 1,000 word families for each. 

Although not being a word list like ones explained above, the English Vocabulary 
Profile (EVP) is a vocabulary database with six proficiency levels based on the Com-
mon European Framework of Reference [17]. The levels are Basic User (A1 and A2), 
Independent User (B1 and B2), and Proficient User (C1 and C2). 

2.3 Lexical Diversity 

To find the characteristics of a text, a measure called lexical diversity is often  
used. Lexical diversity shows how many different words are used in an entire text. 

                                                           
1  A word family is a set of related words. For example, the headword "accept" has "accepta-

bility," "acceptable," "unacceptable," "acceptance," "accepted," "accepting," and "accepts" 
as family members. 
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The oldest and most frequently used measure is type-token2 ratio (TTR) [18]. The 
higher the TTR is, the more different words are used in a text. The problem in TTR is 
the dependence on text length [19]. As a text becomes longer, its TTR decreases  
because the same types are used repeatedly. To overcome this problem, other me-
thods, such as Guiraud's index [20] or Herdan's index [21], have been proposed. 
However, such measures in practice depend on their text length [19], too. As a result, 
no index can reliably measure the lexical diversity between texts with different sizes. 
As a practical solution, Baayen [22] proposes to compare the number of types across 
texts with the same text sizes. In a recent study, different kinds of measures (TTR, 
Guiraud, Herdan, Uber, Maas, vocd-D, HD-D) are used in combination [18]. 

2.4 Keyword Extraction 

There are several methods to extract terms specially used in a certain corpus. In recent 
years, comparing the numbers of appearance between a target corpus and a reference 
corpus is often used. In comparing corpora, different statistics are used to determine 
whether a certain word is specially used in a certain field. 

There have been discussions of which statistic is valid or effective [23, 24]. Chujo 
and Utiyama [25] compare nine statistics for extracting keywords in the applied 
science field and claim that different statistics are effective to extract terms for learn-
ers with different proficiency levels. For example, the log-likelihood ratio (LLR) is 
effective for intermediate-level. 

3 Methods 

3.1 Preparing Corpora 

Target Corpus. The target corpus is compiled from English used in UIs such as but-
tons or messages. We collected text from different genres of software that are well 
known and have many users so that the corpus represents the English actually seen 
and read by users. The genres of software are mobile, productivity, communication, 
and entertainment. We do not adjust the text size of each genre. Table 2 details the 
genre, name, and size. The text of Android applications is from Android Git reposito-
ry [26] and the other text is from the Microsoft Language Portal [27]. 

Software text includes characters that should be removed or modified, such as 
HTML tags or variable placeholders. Because the types of such characters differ from 
software to software, we cleaned the files according to the basic policy: "Retain cha-
racters that are actually shown to users." Table 1 shows examples of what we did for 
the cleanup. 

                                                           
2  Tokens are the total number of words in a text. Types are the number of unique words. In 

the sentence "I ate an apple that I bought yesterday", for instance, tokens are eight and types 
are seven (because "I" appears twice). The TTR in this case is 7/8 = 0.875 (87.5%). 
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Table 1. Modification of special characters in software 

Type of character Example Modification 
Variable placeholder %d,  %s1,  

{0} 
Replaced with <variablehere> to indi-
cate that something is displayed at run-
time. 

Metacharacter /u2026,  ¥n Removed, or replaced with the character 
it represents. 

HTML tag <b></b>, <br/> Removed, or replaced with the character 
it represents. 

Keyboard shortcut Hi&de Removed unneeded character ("&" is 
removed in the example). 

Words without space %sAuthor Added a space to make them an indi-
vidual word ("%s Author" in the  
example). 

 
We separately counted the tags that represent variable placeholders (i.e., <varable-

here>) into the total number of words because we do not know if the word or sentence 
put here is known or unknown to the user until the software is actually executed. The 
final numbers of words after removal or replacement are in Table 2. 

Table 2. Software in the UI corpus 

Genre Application name Size (number of words) 
Mobile Android applications3 23,552 
Productivity Microsoft Word 2007 SP2 80,304 
Productivity Microsoft Excel 2007 SP2 109,821 
Communication Internet Explorer 8 147,814 
Communication Hotmail 27,266 
Entertainment Windows Media Player 10 18,762 
  407,519 

Reference Corpus. We used the Brown Corpus, the Manually Annotated Sub-Corpus 
(MASC) of Open American National Corpus (OANC), and the CNN Tech news cor-
pus as reference corpora. The Brown Corpus is an American English corpus with 
about 1 million words from the prose printed in the U.S. during the year 1961 [28]. 
The MASC is a balanced subset of 500,000 words of written and spoken text from 
OANC [29]. The CNN Tech news corpus was compiled by the authors from the CNN 
news articles published in 2011 and categorized under "Tech" [30]. The CNN Tech 
                                                           
3  Android applications: AccountsAndSyncSettings, AlarmClock, BasicSmsReceiver, Blu-

etooth, Browser, Calculator, Calendar, Camera, CellBroadcastReceiver, CertInstaller,  
Contacts, DeskClock, Email, Exchange, Gallery, Gallery2, Gallery3D, GlobalSearch, Goog-
leSearch, HTMLViewer, IM, KeyChain, Launcher, Launcher2, LegacyCamera, Mms,  
Music, MusicFX, Nfc, PackageInstaller, Phone, Protips, QuickSearchBox, Settings, Soun-
dRecorder, SpareParts, SpeechRecorder, Stk, Tag, VideoEditor, VoiceDialer. 
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corpus has over 600,000 words, and many of the articles are IT-related topics includ-
ing video games or consumer electronics, but excluding energy, environment, or 
space technologies. The reason why we use this corpus is to see whether or not IT-
related terms, which are very often found in the UI corpus, affect the characteristics of 
the text. Thus, the first two corpora, Brown and MASC, are general American English 
corpus, and the last one, CNN Tech, is a corpus of a specific field.  

3.2  Determining the Difficulty by Two Criteria 

As stated in the introduction section, we see the difficulty for non-natives from two 
points: 1) the coverage by word lists and 2) the lexical diversity.  

Coverage by Word Lists. We adopted the GSL+AWL and the BNC list by Nation to 
measure how much of a text is covered by the lists to estimate the vocabulary level. 
The GSL has two levels (Level 1 and 2) and the AWL is the extension of GSL (i.e., 
Level 3). The BNC list has 14 levels. We used these lists to check how much percen-
tage of tokens in a corpus is covered by the lists. One can guess that the lower the 
coverage is, the more difficult the text is for non-natives because they need remember 
more words. We applied this method to different kinds of corpora to compare the 
relative levels of texts. The important assumption here is that non-natives learn voca-
bulary in the order of frequency (frequently-used words are learned first). To calculate 
the coverage, we used a software tool called AntWordProfiler [31]. 

Lexical Diversity. Because there is not a measure with established reputation, we 
here use the Guiraud's index (R) and the Herdan's index (C): 

 R = Types

Tokens
 (1) 

 C = loge Types

loge Tokens
 (2) 

We need to be careful that these indices depend on the text length (i.e., tokens). In 
addition to this, we compare texts after adjusting their sizes, as Baayen suggested 
[22]. We adjust the text sizes to the shortest one. The approximate sizes of the corpora 
we use are: the UI corpus: 400k, Brown: 1million, MASC: 500k, and CNN Tech: 
630k. So, we cut the sizes to that of the UI corpus. First, we divide all corpora into the 
groups of 50k words. For instance, the UI corpus is divided into 8 groups (400k / 50k 
= 8). The reminder is simply discarded. Likewise, Brown is divided into 20 groups, 
MASC 10 groups, and CNN Tech 12 groups. And then, we randomly choose 8 groups 
from each of them to make corpora with 400k tokens. 

We apply three methods (Guiraud, Herdan, and same-size comparison) to four cor-
pora to compare their lexical diversity. The R software [32] and its package languag-
eR [33] are used to count types and tokens. Before counting, we erased punctuation 
marks in the corpora. This is to avoid a word followed by such marks (e.g., "corpo-
ra.") to be recognized as one word. The following marks are replaced with a space: 

   .   ,   "   '   ?   !   (   )   [   ]   -- 
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3.3 Finding Characteristic Words 

We use the log-likelihood ratio (LLR) statistic to identify characteristic words used in 
the UI corpus. For a reference corpus, we combine the Brown and MASC corpora, 
which are general American English corpora, to make them an approximately 1.5 
million-word corpus. The AntConc version 3.3.5 [34] is used to calculate LLR. De-
fault settings are used, but a lemma list created by Yasumasa Someya (available from 
the AntConc website) is used with some modifications by the authors such as adding 
new words (e.g., app, email, etc.). No part-of-speech (POS) information is used. 

After extracting words based on the LLR statistic, we manually pick up action-
related words (mainly verbs) and create a list of top 10 words (due to the limitation of 
pages of this paper). The reason why we focus on action-related words here is that 
they describe human-computer interactions and are valuable compared to nouns that 
include many technology terms, which would disappear when new technologies ap-
pear. And then, we identify the proficiency levels for each word by using the 
GSL/AWL, the BNC list, and the English Vocabulary Profile (EVP). 

4 Results 

4.1 Coverage by Word Lists 

Table 3 shows the coverage of the corpora by the GSL 1, GSL 2, AWL, variables 
(such as "%d" or "{0}"), and their total in percentage.  

Table 3. Coverage by GSL+AWL (%) 

 GSL 1 GSL 2 AWL Variables Total 
UI corpus 61.1 6.5 13.6 1.4 82.7 
Brown 76.5 5.7 4.7 - 86.9 
MASC 74.4 5.4 4.8 - 84.6 
CNN Tech 72.5 5.5 6.0 - 84.0 

 
Table 4 shows the coverage of the corpora by the different levels of the BNC list, 

variables, and their total in percentage. Each level has 1,000 word families. 

Table 4. Coverage by BNC list (%) 

 BNC 1 BNC 2 BNC 3 BNC 4 BNC 5 BNC 
6-14 

Va-
riables 

Total 

UI corpus 67.5 12.0 5.0 3.8 1.0 3.9 1.4 94.6 
Brown 77.0 8.3 3.2 2.4 1.4 3.5 - 95.7 
MASC 76.0 7.7 2.6 2.3 1.2 3.4 - 93.3 
CNN Tech 75.3 8.6 2.8 2.6 0.9 3.2 - 93.3 
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4.2 Lexical Diversity 

Table 5 shows the lexical diversity of the corpora using Guiraud and Herdan indices. 

Table 5. Lexical diversity using Guiraud and Herdan indices 

 Types Tokens Guiraud Herdan 
UI corpus 11,651 409,8264 18.20 0.72 
Brown 47,059 1,025,536 46.47 0.78 
MASC 35,537 500,227 50.25 0.80 
CNN Tech 28,904 635,315 36.26 0.77 

 
Table 6 shows the lexical diversity of the corpora with the same text size. 

Table 6. Lexical diversity using fixed text sizes 

 Types Tokens Type-token ratio (%) 
UI corpus 11,395 400,000 2.85 
Brown 28,737 400,000 7.18 
MASC 30,916 400,000 7.73 
CNN Tech 22,932 400,000 5.73 

4.3 Characteristic Words 

Table 7 lists the top 10 action-related words that are characteristic in the UI corpus 
compared with the general English corpus (Brown+MASC). The words are listed 
alphabetically with the proficiency levels on the word lists, and the LLR statistic. 

Table 7. Top 10 characteristic action-related words 

 GSL/AWL BNC EVP LLR 
add 1 1 A2 3409.8 
allow 1 1 B1 or C1 3059.1 
change 1 1 A2 3291.6 
click none 3 A2 4939.9 
configure none 8 none 3180.9 
disable none none none 4695.2 
enable 3 2 B2 4263.2 
select 3 2 B1 5072.1 
set 1 1 B1 or B2 7339.2 
use 1 1 A1 4508.1 

 

                                                           
4  The total number is slightly different from the one in Table 2 because different tools are 

used. Here we used languageR, which counts numbers such as "15.8" or "8000." 
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5 Discussion 

As Table 3 shows, the coverage of the UI corpus by the GSL 1 (level 1) is as low as 
61.1%, while other corpora are all above 70%. This means that non-natives with in-
troductory vocabulary knowledge would have difficulty in reading UIs written in 
English compared with other types of English. The coverage by the GSL 2 (level 2) is 
almost at the same level, but the coverage by the AWL (level 3) is higher with a wide 
difference. In short, the UI corpus tends to use higher-level words. The overall cover-
age (GSL+AWL) either including or excluding variables is close. In Table 4, like the 
result of GSL+AWL, the coverage of BNC level 1 for the UI corpus is less than 70%, 
which is lower than other corpora. However, the coverage of level 2 to 4 is higher 
than others. This tells that the UI corpus includes less introductory level words and 
more intermediate level words. The overall coverage does not differ much. 

As listed in Table 5, the UI corpus shows the least number in both Guiraud and 
Herdan indices compared with other corpora. This means that the UI corpus has the 
least diversity. Table 6 illustrates that the lexical diversity of the UI corpus is the least 
even after adjusting the corpus sizes. Therefore, in all three measures, the UI corpus 
has the least lexical diversity. 

We included the CNN Tech corpus to see if IT-related words affect the results. The 
coverage and diversity results indicate that the CNN Tech is closer to general English 
than to UI English, and IT-related words do not affect the characteristic of the text. 

When we see Table 7, we successfully pick up characteristic words in the UI cor-
pus. Some words are closely related to software operations (click, configure, etc.), and 
other words look rather general (add, allow, change, etc.) but are used more frequent-
ly in UI English than in general English. We would like to further this study in the 
future by adding POS information or by extending to top 100, for instance. 

6 Conclusion 

From the results of the coverage by word lists and the lexical diversity, we conclude 
that UI English contains more words that are above introductory level but that it is 
less diverse than general English. Therefore, for non-natives to use software smooth-
ly, they need to learn a relatively limited number of words that frequently appear in 
UIs, like the ones shown in the result of characteristic words. However, frequently 
appearing words include advanced level words such as "configure." For non-natives 
to use software comfortably, developers may avoid using these words in UIs, but at 
the same time, such words should be taught in English education because a natural 
language or existing UIs do not change easily in a short period of time. 

Acknowledgements. This research report has made use of the English Vocabulary 
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Abstract. This study evaluated the effects of age (30s and 55s), viewing distance 
(50 cm, 80 cm), font type (Lanting in simple, Lanting in complex, Yahei in sim-
ple, Yahei in complex) on the legibility of Chinese characters by using the two 
legibility measures (minimum character size for 100% correctness and minimum 
character size for the least comfort). Twenty subjects in each age group read the 12 
word groups (two characters in each word group, character size varied from 4.5 pt 
to 18 pt) presented on a paper. Subjects subjectively rated the reading legibility of 
the word groups on a 3-point scale (1- indistinct, 2- distinct but need cost a little 
attention, 3- very distinct). According to the ANOVA procedure, age and viewing 
distance significantly affected the two dependent variables (p < 0.05). The 
younger group could see character sizes smaller than the old group could and the 
viewing distance of 50 cm showed character about 1pt smaller than those at a 80 
cm viewing distance. There are no significant differences in font types. From a 
comparison of the results for correctness and comfort, people generally preferred 
larger character sizes to those that they could read. The findings of this study may 
provide basic data and guidelines for setting of character size and font type to 
improve the legibility of characters written in Chinese. 

Keywords: age, viewing distance, font type, Chinese character. 

1 Introduction 

The legibility and readability of characters are important to our daily activities and 
tasks. If the sizes of the characters are too small or poorly designed, people may not 
obtain the correct information. The main factors which affect legibility are font size, 
type of font, thickness of font, space between fonts, contrast of colors, distance of sight, 
illumination and so on. Many researchers have studied the effects of font size, font 
type, viewing distance, age and contrast to the legibility of characters.  

In a study of font sizes, Wang Jian et al. found the complexity of Chinese characters 
influence the Chinese character threshold [1].Zhou Aibao et al. explored processing 
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speed influenced by the font, size, and characteristics of Chinese character [2]. The 
results show that among seven kinds of fonts, processing speed of Sungti, Zhengkai and 
Heiti is faster than that of Xingkai, Lishu, Weibei, and Caiyun. Japanese researchers 
have provided a standard for the various font sizes of Japanese characters in visual 
displays to make them legible to older and visually impaired people [3]. The US also 
has a standard on character sizes for the labeling of medical supplies [4].  

Font type is also a significant factor for the legibility of words in hard copy. Wang 
You et al. measured the character recognition threshold or acuity of Chinese characters 
[5]. The results show that four types of Chinese character fonts (Songti, Heiti, Kaiti and 
Fangsong ) have different acuities: Heiti being the smallest, Kaiti larger, and Songti and 
Fangsong the largest. The Gothic fonts were smaller than the Ming fonts in Korean 
users’ visual performance which tested two age groups (20s and 60s) for different font 
types of Korean letters and numbers at 50 cm and 200 cm viewing distances respec-
tively [6]. An experiment was conducted to compare with recognition accuracy of four 
fonts, of Chinese characters under three various back illumination [7]. The results show 
the Song font and Black font were better than imitative Song font and Long Song font, 
and Long Song font was worse than imitative Song. 

Age and viewing distances are main factors to affect the legibility of characters, but 
most studies of the effect factors for Chinese character are focus on the font, size, stroke 
and structure. Therefore, this study investigated the effects of age and viewing distance 
on the legibility (correctness) and subjective preference (comfort) of Chinese charac-
ters associated with different age groups. The objectives of this study were to: (1) 
provide guidelines for the minimum Chinese character size for 100% correctness; (2) 
suggest guidelines for comfortable Chinese character size on the basis of the age of the 
person. 

2 Methods 

2.1 Subjects  

In all, 40 participants, comprising 20 young people (in their 30s) and 20 elderly people 
(in their 55s) were recruited, respectively, to investigate legibility in relation to age. 
The mean age and mean visual acuity of the young participants were 32.85 (±6.05) 
years and 0.84 (±0.15) respectively, whereas the mean age and mean visual acuity of 
the elderly groups were 56.90 (±4.15) years and 0.36 (±0.15), respectively. All subjects 
were tested and selected by a Landholt acuity test with a 30 cm distance measure. All 
participants were native Chinese speakers. None was color blind or had eye defects. 

2.2 Procedure 

Before the experiments, the personal data of the participants was asked. Then all par-
ticipants were provided with a brief description of the goals and procedures of this 
study. The illuminance level was measured and recorded and to confirm it was in an 
appropriate range at the surface on which the test charts will be placed. And each 
participant’s visual acuity was tested. 

After the visual acuity test, each participant was asked to try to read characters 
presented on papers and determine the reading legibility of the word groups. And the 
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participants rated the legibility by using a 3-point scale (1- indistinct, 2- distinct but 
need cost a little attention, 3- very distinct). The numbers of correct/wrong answers as 
well as the subjective reading legibility ratings of each character group were recorded. 
If a participant provided all wrong answers for the two characters twice consecutively, 
the experimental trial was stopped. After a trail, participant needed to report the least 
comfort character group depending on character size. 

The measurement of the dependent variables were as follows: (1) ‘minimum cha-
racter size for 100% correctness’, which was defined as the smallest font size among 
character sizes at which the participant correctly read all two characters in each group 
on papers; (2) ‘minimum character size for the least comfort’, which was defined as the 
smallest font size among character sizes at which the participant reported that  
the characters caused comfort while reading; The ‘100%’ was employed to determine 
the minimum character size associated with age groups in this study. 

2.3 Apparatus 

A room was constructed specifically for this study and the environment was comfort-
able for participants. Two light sources which can control the intensity of illumination 
were located on the ceiling of the room. To test the legibility of the characters for paper, 
the surface illumination level was 50 lx in this study. 

Each participant was instructed to read 12 sets of characters (two-syllable Chinese 
characters) shown on papers at viewing distances of 50 cm and 80 cm. Unmeaningful 
words were employed for two-syllable Chinese characters in this study(Fig. 1 shows an 
example). Altogether, 12 character sizes, ranging in size from 4.5 pt to 18 pt, were tested in 
this study. The spatial complexity of the stimuli was also described by stroke frequency 
[8]. In this study, characters that contain 10 or more than 10 strokes were described as 
“complex” characters; and characters that contain 1 to 9 strokes as “simple” characters. 
Lanting is similar to Yahei, however, there are still difference between them. 

 

            
 

Yahei in complex              Yahei in simple 
 

              
   

Lanting in complex            Lanting in simple 

Fig. 1. An example of two-syllable Chinese characters 

2.4 Experimental Design 

The independent variables were age, viewing distance and font type. Levels for the 
independent variables are described in Table 1. Each participant performed 8 trials and 
all treatment combinations were performed in a random order. 
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This study investigated the effects of these independent variables on the following 
dependent variables. For measurement of the dependent variables: (1) ‘minimum 
character size for 100% correctness’; (2) ‘minimum character size for the least com-
fort’. To evaluate the effects of various independent variables [age (30s, 55s), viewing 
distance (50 cm, 80 cm), font type (Lanting in simple, Lanting in complex, Yahei in 
simple, Yahei in complex], on the two dependent variables, an ANOVA was employed. 

Table 1. Description of the independent variables 

Independent variables Levels 
Age 30s, 55s 
 
Viewing distance 
 

 
50 cm, 80 cm 

Font type Lanting in simple, Lanting in complex, Yahei in simple,  
Yahei in complex 

3 Results 

3.1 Analysis of Minimum Character Size for 100% Correctness 

The effects of age and viewing distance on the minimum character size for 100% 
correctness were found to be statistically significant (all p-values < 0.05). There is no 
significant difference in font types. 

In Figure 2, the ‘minimum character size for 100% correctness’ for people in their 
30s was smaller (6.3 pt) compared to the people in their 55s (8.8 pt). Put more simply, 
young participants were able to correctly read character sizes smaller than those elderly 
participants with the same level of accuracy. The effect of viewing distance on the 
‘minimum character size for 100% correctness’ was also evidently significant. Font 
sizes of 6.8 pt and 8.2 pt were reported as the ‘minimum character sizes for 100% 
correctness’ at a 50 cm viewing distance and at a 80 cm viewing distance, respectively. 
Though not significantly, the results of the ‘minimum character size for 100% cor-
rectness’ associated with the font type indicated that Yahei in simple (7.3 pt) and Yahei 
in complex (8.0 pt) allowed for smaller character sizes than Lantinghei in simple (7.6 
pt) and Lantinghei in complex (8.4 pt) respectively. 

3.2 Analysis of Subjective Minimum Character Size for the Least Comfort 

Statistical analysis showed that age and viewing distance were significant factors for 
the ‘minimum character size for the least comfort’ (all p-values < 50.05). ‘Minimum 
character size for the least comfort’ means that the smallest font size among character 
sizes was such that a participant rated the character(s) as causing comfort while read-
ing. There is no significant difference in font types. 

Figure 3, showing the results of the main effects of ‘minimum character size for the 
least comfort’, indicates that the younger group described characters up to 8.8 pt in size 
as causing no discomfort to read, whereas the elderly group required a character size of 
at least 11.0 pt to read characters without discomfort. As expected, the effect of viewing 



 The Effects of Age, Viewing Distance and Font Type on the Legibility 337 

 

distance was significant. The ‘minimum character sizes for the least comfort’ were 9.3 
pt and 11.5 pt for 50 cm and 80 cm viewing distances, respectively. Though not sig-
nificantly, the ‘minimum character sizes for the least comfort’ associated with the font 
type indicated that Yahei in simple (9.5 pt) and Yahei in complex (9.9 pt) allowed for 
smaller character sizes than Lantinghei in simple (10.3 pt) and Lantinghei in complex 
(10.5 pt) respectively. 

 

Fig. 2. The results of the main effects of ‘minimum character size for 100% correctness’ 

 

Fig. 3. The results of the main effects of’ minimum character size for the least comfort’ 

4 Discussion 

The present study investigated the effects of age, viewing distance and font type on two 
dependent variables: (1) ‘minimum character size for 100% correctness’; (2) ‘mini-
mum character size for the least comfort’. 
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With regard to age, the young groups showed better legibility than elderly groups. 
The average character sizes for the two dependent variables of the group of subjects in 
their 55s were larger than those of the group of subjects in their 30s.That is, the average 
character sizes for subjects in their 55s were 6.3 pt and 8.8pt for the ‘minimum cha-
racter size for 100% correctness’ and ‘minimum character size for the least comfort’, 
respectively, whereas those of subjects in their 30s were 8.8 pt and 11.0 pt, respec-
tively. These findings might be explained by a reduction of light on the retina as well as 
the increasing of age.  

According to the comparison analyses for correctness and comfort, the ‘minimum 
character sizes for the least comfort’ were larger than the ‘minimum character sizes for 
100% correctness’. This means that the character sizes that caused the least discomfort 
were significantly different from the character sizes at which people read with 100% 
correctness. Generally people preferred larger characters than the sizes at which people 
can nevertheless read with perfect accuracy. Therefore, performance as well as sub-
jective preference should be considered when recommending character sizes for Chi-
nese words to improve legibility, because even if the recommended character sizes 
ensure that they can be read correctly, people might still feel discomfort when reading. 

5 Conclusions 

This study examined the effects of age, viewing distance and font type on two depen-
dent variables to evaluate the legibility of Chinese characters. A summary of the main 
findings is as follows: 

Age: The young group (6.3 pt) could read character sizes smaller than those of the 
elderly group (8.8 pt) for the ‘minimum character size for 100% correctness’, respec-
tively. In addition, the young group (8.8 pt) could read significantly smaller character 
sizes than those of the elderly group (11.0 pt) for the ‘minimum character size for the 
least comfort’, respectively. 

Viewing distance: 50 cm (6.8 pt) allowed for character sizes about2pt smaller than 
those at 80 cm (8.2 pt) for the ‘minimum character size for 100% correctness’, re-
spectively. In addition, 50 cm (9.3 pt) allowed for character sizes about 2pt smaller than 
those required at 80 cm (11.5 pt) for the ‘minimum character size for the least comfort’, 
respectively. 

This study might be helpful in that they provide basic information with which to 
determine the legibility of Chinese characters. 
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Abstract. We propose a human interface device using a formant frequency. It 
does not require complicated signal processing. The formant frequency means 
vocal tract resonance frequency which characterizes the phonemes. By using a 
microphone, we think it is possible to estimate the position of tongue and the 
opening of mouth. We investigated the relationship of formant frequencies and 
the manner of articulation. At first, we clarified the range of the formant fre-
quencies by moving the mouth and the tongue freely. Next, we set the horizon-
tal and vertical axes which correspond to the second- and first-formant frequen-
cies respectively on a computer display screen. Subjects were asked to fit a 
mouse pointer controlled by their formant frequencies to a target appeared on a 
display. It is concluded that subject can be relatively easy to control the pointer 
within the range enclosed by five Japanese vowels formant points.  

Keywords: Human Interface Device, Formant, Speech, the Disabled. 

1 Introduction 

A voice recognition system is one of the useful methods of human interface devices 
for the disabled. But it requires complicated signal processing and it is difficult to 
recognize the voice of the person who has articulation disorder.1,2,3 

We propose a human interface device using a formant frequency that is one of the 
voice characteristic values. It does not require complicated signal processing.  
The formant frequency means vocal tract resonance frequency which characterizes 
the phonemes. It is known that fronting or backing of the tongue causes chiefly a 
raising or lowering of second formant frequency (F2) and closing or opening of the 
mouth causes a lowering or raising of first formant frequency (F1).4 

By using a microphone, we think it is possible to estimate the position of tongue 
and the opening of mouth from formant frequencies. And the disabled might be able 
to utilize the function that was not used effectively before for a human interface  
device. 

In this paper, we investigated the relationship of formant frequencies and the man-
ner of articulation.  

In the first experiment, we clarified the range of the formant frequencies by  
moving the mouth and the tongue freely. 
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In the next experiment, we set the horizontal and vertical axes which corresponded  
to the second- and first-formant frequencies respectively on a computer display 
screen. Subjects were asked to fit a mouse pointer controlled by their formant fre-
quencies to a target appeared on a computer display screen. 

2 The Range of the Formant Frequencies by Moving the Mouth 
and the Tongue Freely 

In this paper, we propose a human interface device using the first and second formant 
frequency. It is necessary to check the range of the formant frequencies, because the 
range differs according to person. 

In particular, if we use them as an input device for the disabled, it is necessary that 
the disabled can generate the formant frequencies easily. We investigated a range and 
an individual difference of the formant frequencies by moving a mouth and a tongue 
freely. 

2.1 Experimental Method 

In this experiment, an electrolarynx was used as a sound source. An electrolarynx is 
one of the artificial larynges. In the electrolarynx, an electromechanical vibrator is 
attached to the neck to put a sound source into oral cavity.5 It has a big burden on 
subject for a long time to continue vibrating the vocal cords to measure the formants. 
Therefore we think that using an outside sound source is practical. We input the sound 
that is uttered using the electrolarynx on a computer. The sound is performed linear 
predictive coding and the formants are extracted. The program to analyze the for-
mants was written using LabVIEW programming software (National-Instruments). It 
analyzed the first peak frequency (F1: first formant frequency) of the spectrum of the 
sound and following peak (F2: second formant frequency). We can apply this analysis 
method to an artificial voice that is generally used in the formant analysis of the vo-
wel.6 

Analysis condition 

─  Vibrating frequency of an electrolarynx……….66Hz 
─  Sampling frequency ………………………….8000Hz 
─  Analyzing points ……………………………512 points 
─  Window weighting……………….Hamming window 
─  Analyzing order………………….………….……12th 

At first the subject practiced the electrolarynx. He was asked to move his mouth and 
tongue freely without overdoing it. The sound was recorded for two minutes. And this 
recording was repeated three times. The formant frequencies were analyzed after-
wards. Five male healthy subjects participated in this experiment. 
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2.2 Experimental Results and Discussion 

Fig. 1 shows the F2-F1 chart of the five subjects. In this chart, the vertical axis shows 
the first formant frequency and horizontal axis shows a second formant frequency.  
The point on the F2-F1 chart shows the second and the first formant of the sound 
from the mouth. In this paper, we call this point ‘formant point’. The F2-F1 chart is 
related to the position of the tongue and the shape of the mouth. For example, a for-
mant point rises when the mouth is closed, and it falls when the mouth is opened. The 
formant point moves to the right when the tongue moves backward, and it moves to 
the left when the tongue moves forward. The white line on the chart is connecting the 
formant points of the vowels which a subject uttered using the electrolarynx. The 
existing area of the formant points is different depending on the subjects. The area 
where the formant points gather is near the formant point of each vowel. It is easy to 
generate the formant points between /a/ and /o/ and near the vowel position in Fig.1. 
The area with a few formant points is between/a/ and /e/, between /i/ and /u/, and a 
center of the area enclosed by the white lines. We do not use this area by everyday 
utterance. We think that it is difficult to generate a formant point in this area freely. 
 

 

Fig. 1. The range of formant frequencies by moving the mouth and the tongue freely 
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3 The Range of Formant Frequencies When Subject Was Asked 
to Fit a Mouse Pointer Controlled by the Formant Frequencies 
to a Target Appeared on a Computer Display Screen 

In the next experiment, we set the horizontal and vertical axes which correspond to 
the second- and first-formant frequencies respectively on a computer display screen. 
The plane on the screen is called “F2-F1 plane” and the point represented by first- and 
second-formant frequency on the F2-F1 plane is called “formant point” in this paper. 
As mentioned before, Subject can be relatively easy to control the pointer within the 
area enclosed by five Japanese vowels (/a/,/i/,/u/,/e/,/o/) formant points. But we 
thought that it was hard to generate the formant point at the center in this area because 
a few formant points existed at the center. Therefore we presented a target on the F2-
F1 plane and asked subject to adjust a formant point to it. And we investigated the 
position that was easy to adjust the formant point and the position that was hard to 
adjust it in detail. 

3.1 Experimental Method 

Subjects were asked to fit a mouse pointer controlled by their formant frequencies to a 
target appeared on a computer display screen. Fig.2 shows the target position on the 
computer display screen. In this experiment, we investigated the formant point on the 
F2- F1 plane which could be controlled consciously. 

 

Fig. 2. Target position on the computer display screen 

We set the horizontal and vertical axes which correspond to the second- and first-
formant frequencies respectively on a computer display screen. We call the plane on the 
screen 'F2-F1 plane'. We prepared the target which moved on the F2-F1 plane in the 
display screen and asked the subject to fit a mouse pointer to the target. The target started 
from left-top position and moved to the right automatically every two seconds. When a 
target came to the right-side end, it moved to left-second position. The target was moved 
until right-bottom position. If a mouse pointer was fitted to the target and a switch was 
pushed, this target position was recorded. We performed this ten times and added up the 
number of times every position. Five male healthy subjects participated in this experi-
ment. 
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3.2 Experimental Results and Discussion 

Fig.3 is the experimental result. Target position where subject can fit a mouse pointer 
to a target many times is painted dark color. In Fig.3, we display the line connected 
the outline of the range of the formant points in Fig.1 and the line connected the posi-
tion of the vowel. The area where the subject could generate the formant points  
expanded compared to the area in Fig.1. The target position chosen more than seven 
times were near the position of the vowel formant. In addition, the target positions 
chosen many times tended to be between /a/ and /o/. These positions were relatively 
easy to generate formants. The subject who could not choose the center area in Fig.1 
could choose this area in Fig.3. 

 

Fig. 3. Target position where subjects can fit a mouse pointer controlled by their formant fre-
quencies to a target appeared on a computer display screen 

 

Because subjects were able to choose the range near the center in the area enclosed 
by vowels, formants of these positions may be available for an input device. All sub-
jects were able to choose the formant of the range near the vowel /a/. From this, it is 
easy to move a mouth and a tongue in the area that is close to the formant point of /a/. 
The area that was easy to produce a formant point differed with different  persons. 
When we use formant for an input device, coordinating a function is necessary. 
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4 Conclusion 

We propose a human interface device using a formant frequency that is one of the 
voice characteristic values. In this paper, we investigated the relationship of formant 
frequencies and the manner of articulation.  

In the first experiment, we clarified the range of the formant frequencies by mov-
ing the mouth and the tongue freely. The Existing area of the formant points is differ-
ent depending on the subjects. The area where the formant points gather is near the 
formant point of each vowel. It is easy to generate the formant points between /a/ and 
/o/ and near the vowel position. The area with a few formant points is between /a/ and 
/e/, between /i/ and /u/, and a center of the area enclosed by the formants of vowels.  

In the next experiment, we set the horizontal and vertical axes which corresponded  
to the second- and first-formant frequencies respectively on a computer display 
screen. Subjects were asked to put a mouse pointer controlled by their formant fre-
quencies over a target appeared on a computer display screen. In this experiment, we 
investigated the formant point on the F2- F1 plane which could be controlled con-
sciously. The target positions chosen many times tended to be between /a/ and /o/. 
These positions were easy to generate formants relatively. Because subjects were able 
to choose the range near the center in the area enclosed by vowels, formants of these 
positions may be available for an input device.  

The area that was easy to produce a formant point differed with different persons. 
When we use formant for an input device, coordinating a function is necessary. 
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Abstract. The operators who perform alarm monitoring and identification tasks 
in complex industrial systems, such as nuclear power plants, often suffer from 
heavy mental workload. Among the many existing mental workload measure-
ments, secondary task method was chosen and examined for that it is sensitive 
to operator capacity, provides a common metric for different tasks, and easy to 
carry out, etc. In this study, a paper-based arithmetic secondary task was 
adopted to measure mental workload of the participants when they were per-
forming alarm monitoring and identification tasks. A two-factor, two-level lab 
experiment was conducted to examine whether this secondary task method can 
discriminate different levels of mental workload, and whether it interferes with 
the primary task. The results showed that though the secondary task chosen in 
this experiment had good discriminability, its influence on the primary task per-
formance and its interaction with scenario complexity were significant.  

Keywords: Mental workload, secondary task, alarm monitoring, alarm  
identification. 

1 Introduction 

Modern industrial systems, such as nuclear power plant (NPP) and air flight control 
systems, are becoming more and more complex, and can often bring heavy mental 
workload to their operators (Hwang, et al, 2008). Therefore, it is very important to 
find out how high is the level of operators’ mental workload when they are perform-
ing tasks such as alarm monitoring and identification.  

Mental workload is characterized as a mental construct that reflects the mental 
strain which is resulted from performing a task under specific environmental and 
operational conditions, coupled with the capability of the operator to respond to those 
demands (Cain, 2007). Though there is no universally acceptable definition of mental 
workload, it has been generally defined as the amount of resource difference between 
task demands and capacity provision by an individual (Sanders and McCormick, 
1987).  

Hwang et al. (2008) divided the existing methods to measure mental workload into 
three categories: subjective ratings, performance measures, and physiological measures. 
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For measuring the mental workload in alarm monitoring and identification tasks in the 
main control room (MCR) of a NPP, the pros and cons of these three different catego-
ries are summarized as follows. 

It is widely claimed that the subjective measures have advantages such as inexpen-
sive, unobtrusive, easily administered, widely transferable, and having high face va-
lidity (Casali and Wierwille, 1983; Wickens, 1984). However, it has shortcomings 
such as potential confounding of mental and physical workload, dissociation of sub-
jective ratings and task performance, and raters’ different interpretation of scale 
words, etc. (O’Donnell and Eggemeier, 1986; Meshkati et al., 1990). For alarm moni-
toring tasks which might experience fluctuations during a time period, the dependence 
of subjective measures on short-term memory might distort the workload rating for 
that period (O’Donnell and Eggemeier, 1986).  

There are two categories of performance measures, including primary task perfor-
mance measures and secondary performance measures. Primary task performance 
measures provide direct indications for interested task performance. However, they 
are not very sensitive to changes of workload, especially when operators have spare 
capability to increase their effort level. In this sense, primary task performance meas-
ures are not appropriate to be used in NPP MCRs. Secondary task method is one of 
the mostly widely used methods to measure workload, for that it provides a sensitive 
measure of operator capacity, a sensitive index of task impairment due to stress, and a 
common metric for comparison of different tasks (Gawron, 2008). However, it has 
one major disadvantage: the possible intrusion on the performance of the primary task 
(Willigs and Wierwille, 1979). As for the alarm monitoring and identification tasks, if 
we can find a secondary task that has little intrusion on the performance of the prima-
ry task, then it might provide us with continuous, objective, and direct measure of 
mental workload. 

Physiological measures use the known features sensitive to operator loadings  
indicators to measure mental workload (Wierwille, 1979). The main advantage of 
physiological measures is that they can provide continuous and objective data of the 
operator’s state. Usually, physiological measures mainly focus on the cardiovascular  
system, respiratory system, nervous system and biochemistry, with heart rate variabil-
ity being probability the mostly widely used one (Hancock, 1988). As physiological 
measures have to explain the effect of workload through the psychological process 
happening on the body, they are indirect. Thus, it would provide a more complete 
understanding of the workload when combined with other workload assessment tech-
niques. Besides, some physiological measures are invasive and will affect the perfor-
mance of primary tasks (such as the respiratory system), while some of them require 
participants to stay still for reliable data collection (such as the nervous system), 
which is not appropriate to be used in NPP MCRs. 

Currently, secondary task methods have been used to measure mental workload in 
aviation and vehicle driving domains (Wierwille et al, 1977; Williges and Wierwille, 
1979; Casali, and Wierwille, 1983; Blanco et al., 2006). However, there are few stu-
dies which use secondary task methods to measure operators’ mental workload in 
control rooms where monitoring and identification tasks are performed. Previous 
studies have showed that properly designed secondary tasks can be used to estimate 
the workload of primary task (Wierwille, 1977), while there existed some evidences 
that secondary tasks differ in the degree to which they interfere with the primary task, 
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and they may also interact with the primary tasks, with the greatest interference and 
interaction occurring when the primary and secondary tasks involve similar processes 
or rely on similar brain regions (Troyer, 1999). 

This study attempts to use the paper-based arithmetic secondary-task method for 
workload assessment of alarm monitoring and identification tasks in NPP MCRs. 
When operators are performing alarm monitoring and identification tasks, they should 
periodically look up the operating procedures to check whether the current parameter 
value exceeds its normal range or they should periodically put down some critical 
process parameters on paper for future filing. The arithmetic secondary task intro-
duced in this study is different from the tasks that operators perform in the real situa-
tion. We want to examine whether this kind of secondary task can discriminate the 
different levels of operators’ mental workload under different cases, and whether the 
secondary task we introduced will interfere with the performance of the primary task. 

There were two hypotheses in this study. (1) The paper-based arithmetic secondary 
task method can discriminate the simple scenarios from the complex scenarios, with 
more correctly answered arithmetic calculations in simple scenarios than in complex 
scenarios. (2) The arithmetic secondary task does not interfere with the primary tasks, 
nor does it interact with the primary tasks. A two-factor, two-level within-subjects 
experiment design was adopted to test the above two hypotheses.  

The methodology used in this study is described in Section 2. Section 3 reports the 
experiment results. Section 4 presents some discussion on the results. Conclusions 
from this study are given in Section 5. 

2 Methodology 

2.1 Participants 

In total, 15 paid male students of engineering background from Tsinghua University 
participated in the experiment. Only male students were recruited to keep the gender 
consistency as that in NPP MCRs. The participants aged from 20 to 24 (Mean=21.73, 
SD=1.39), all had more than 5 years’ experience with computers and were thus famil-
iar with computer operations, but had very limited knowledge about nuclear power 
plants.  

2.2 Independent Variables and Experiment Design 

A two-factor within-subjects design was adopted in this study. The first factor was the 
secondary task. Each participant performed half of the task scenarios with the second-
ary task, and the other half of the task scenarios without the secondary task. The se-
quence of the two halves was randomized to minimize the learning effect. The second 
factor was complexity of task scenarios, which had two levels: simple scenarios with 
six alarms in two minutes, and complex scenarios with twelve alarms in two minutes. 
There were six simple task scenarios and six complex task scenarios. The order of the 
simple and complex scenarios were randomized and in an alternate manner.  
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2.3 Experiment Task 

When an alarm was triggered, a participant pressed the button named ‘Alarm Discov-
ered’ to report that he noticed the alarm and to press the button of the alarm that has 
been triggered to suppress the alarm. Then the participant made judgment about to 
which system component that the alarm was associated with and how severe it was. 
Both the correctness of alarm detection, and errors made when making alarm judg-
ments were recorded for further analysis. 

Each participant carried out the alarm monitoring and identification tasks for 12 
scenarios in total. A paper-based arithmetic secondary task was introduced in half of 
the scenarios (six in total) during the experiment to measure the mental workload of 
the participants. The secondary task required the participants to perform two digits 
addition calculation. The secondary tasks were performed on paper, while both the 
alarm monitoring and identification task was performed on the computer. The partici-
pants were asked to do the secondary tasks as many as they could while trying their 
best not to affect the performance of the primary tasks. 

2.4 Dependent Variables 

Objective performance measurements were collected for hypothesis testing, including 
correctness of alarm detection (the ratio between the number of alarms correctly per-
ceived and the total number of alarms presented), time to detect an alarm (the time 
interval between the moment when the alarm was triggered and the moment when 
participant pressed the button ‘Alarm Discovered’), error rate of alarm identification 
(the ratio between the number of errors made in alarm identification and the total 
number of alarms triggered), time to  identify an alarm (the time interval between the 
time when a participant suppressed the alarm and the time when the participant made 
an identification of the alarm), and performance of the secondary task which indicates 
mental workload (the number of correctly answered arithmetic operations).  

2.5 Experiment Platform and Experiment Procedure 

The experiment was conducted on a personal computer with two screens. The pro-
gram was coded with Visual Basic 2010, and the scenario data was contracted from 
the PCtran ™ simulation software, which can simulate different working conditions 
of a pressurized water reactor (PWR) NPP.  

Fig. 1 illustrates one of the experimental displays. The alarms were divided into 
three severity levels. The Level 1 alarms indicate the plant wide, most severe ones, 
and were indicated with the red color to attract the attention of the participants. Level 
2 alarms were system wide functional failures, which should be timely dealt with, and 
were indicated with the hotpink color. Level 3 alarms were parameter level malfunc-
tions, the lower than normal range alarms were indicated with blue bars, which grew 
to the left side of the neutral position as a parameter value was decreasing, while the  
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higher than normal range alarms were indicated with yellow bars, which grew to the 
right of the neutral position as a parameter value was increasing. All alarms kept 
flashing until they were suppressed by a participant. 

 

Fig. 1. Illustration of an alarm display 

The experiment task lasted about 90 minutes for each participant. Before a partici-
pant began the experiment, his demographic information was collected and an in-
formed consent was signed voluntarily. At the beginning, the participant was given a 
30-minute training session about the NPP working principals and the usage of the 
alarm system. Then, the participant took a session of 20-minute practice to get famili-
ar with the alarm system. Finally, the formal test in 12 scenarios was performed, last-
ing about 40 minutes. 

3 Results 

3.1 Mental Workload Measurement 

The results listed in Table 1 show that the introduced arithmetic secondary task can 
discriminate the simple cases from the complex ones (sig. = 0.000 < 0.05) in the 
number of correctly answered arithmetic calculations, but not in the error rate of 
arithmetic calculations (sig. = 0.256 > 0.05). This means that when using the second-
ary task method, the number of correctly answered arithmetic calculations could be 
considered as a suitable secondary task performance criterion to reflect the workload 
of participants.  
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Table 1. Comparison of performance of the secondary task between simple and complex cases 

Performance of  
secondary task 

Simple cases Complex cases Sig. 
Mean SD Mean SD 

No. of correctly answered 
arithmetic calculations 

19.022 10.644 6.667 5.382 0.000* 

Error rate of arithmetic 
calculations 

0.0109 0.0112 0.0193 0.0285 0.256 

*: The difference is significant, with sig. < 0.05. 

3.2 Interference with Primary Task Performance 

The effect of the secondary task on the performance of the primary tasks was ana-
lyzed. The results are summarized in Table 2. It turns out that the introduction of the 
secondary task significantly reduced the correctness of alarm detection (sig. = 0.000 < 
0.05), prolonged the time to detect an alarm (sig. = 0.017 < 0.05), and shortened the 
time to identify an alarm (sig. = 0.000 < 0.05). As for the error rate of alarm identifi-
cation, no significant effect was found. 

Table 2. Influence of secondary task on primary task performance 

Task Performance 
criteria 

Without 
secondary 

task 

With second-
ary task 

Sig. of 
sec-

ondary 
task 

Sig. of 
com-

plexity 

Sig. of 
Inte-

raction 
Mea

n 
SD Mean SD 

Alarm 
Moni-
toring 

Correctness of 
alarm detection 

0.99
5 

0.01
8 

0.95
8 

0.000 0.000* 0.095 0.001* 

Time to detect an 
alarm 

3010 1299 3559 1225 0.017* 0.000* 0.005* 

Alarm 
iden-
tificat
ion 

Error rate of 
alarm identifi-
cation 

0.02
3 

0.02
7 

0.02
2 

0.034 0.948 0.952 0.163 

Time to identify 
alarm 

2989 483.
2 

2711 506.6 0.000* 0.019* 0.788 

*: The difference is significant, with sig. < 0.05. 

The complexity of scenarios had significant effects on both the time to detect an 
alarm (sig. = 0.000 < 0.05) and the time to identify an alarm (sig. = 0.019 < 0.05),  
but had no significant influence on correctness of both alarm monitoring and  
identification.  

There existed a significant secondary task * complexity interaction in alarm moni-
toring performance criteria, as Fig. 2 shows, but no significant interaction in alarm 
identification performance criteria. The introduction of the secondary task led to de-
creased correctness of alarm detection in both simple and complex cases, but the im-
pairment in simple cases was much more severe than that in the complex cases  
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(sig. = 0.001 < 0.05). As for the time to detect an alarm, it increased slightly in  
complex cases, while increased dramatically in simple cases (sig. = 0.005 < 0.05), 
because of the introduction of the secondary task. This means that the negative effects 
by the secondary task on performance of the primary tasks in simple cases was more 
significant than that in complex cases. 
 

 

(1) Correctness of alarm detection 

 

(2) Time to detect alarm 

Fig. 2. Interaction effects of secondary task and scenario complexity 
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4 Discussion 

From the results, it may be concluded that the introduced paper-based arithmetic sec-
ondary task can quantitatively discriminate different levels of mental workload.  

However, by comparing the primary task performance with and without the sec-
ondary task, it is found that the introduction of the secondary task significantly af-
fected the primary task performance. The alarm detection behavior was distorted in 
lower correctness and longer time of alarm detection, while the alarm identification 
behavior was distorted in shorter time to identify an alarm. As the participants had to 
allocate their attention and effort between the introduced secondary task and the pri-
mary task, the promptness and correctness of alarm detection might thus be negatively 
affected. Once an alarm was noticed, because of the existence of secondary task, the 
participants rushed their alarm identification process, causing the shorter time used to 
identify the system component that the alarm belonged to and how severe it was.  

The interaction between secondary task and scenario complexity indicates that the 
introduction of the secondary task had more severe negative effect on simple cases 
than on complex cases. Very possibly the participants adopted a different strategy in 
the allocation of their attention and effort between the primary and secondary tasks 
under the two scenario complexity levels. When the scenario was complex, the partic-
ipants focused on the primary tasks, while when the scenario is simple, they switched 
their emphasis to the performance of the secondary task. 

Though the paper-based arithmetic secondary task seemed be able to discriminate 
different levels of mental workload, because of its negative effect on primary task 
performance and its interaction with scenario complexity, it may not be suitable for 
the measurement of mental workload in alarm detection and identification tasks. The 
ideal secondary task should not introduce negative effects on the primary task per-
formance, nor should it interact with both the primary task and other factors in a study 
(Troyer, 1999).  

5 Conclusions 

In this experimental study, the effect of the paper-based arithmetic secondary task on 
alarm monitoring and identification task was examined. It was found that the arith-
metic secondary task could provide objective, continuous and direct data about mental 
workload, but it interfered with the primary task, and interacted with scenario  
complexity.  

The findings from this study are interesting. Although the arithmetic secondary 
task has been widely adopted for mental workload measurement in domains such as 
driving and aviation, it might not be appropriate for the domain of alarm monitoring 
and identification. This would encourage us to look for more appropriate methods for 
the measurement of mental workload in alarm processing tasks. 
 
Acknowledgement. This study was supported by the National Natural Science Foun-
dation of China (Project No. 70931003). 
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Abstract. Thanks to the intensification of globalization through communication 
technology, we are faced more and more with UIs coming from different 
cultural backgrounds. In order to fit the user’s cultural expectations as  
closely as possible, designers need to combine usability knowledge with 
cultural insights. By defining a usable set of UI design guidelines for a target 
culture, designers could market their products with lower costs than with cross-
cultural testing. To promote this line of research, we carried a pilot study 
targeted at the habits, mental models and UI preferences of Chinese and Czech 
users. Our findings show there is a strong influence of globalization on the 
cultural markers mainly through the use of common software platforms. 
However, we found many important culture-specific differences as well in both 
groups. We present our results as guidelines that could be used to enhance the 
user’s acceptance of the UI in a specific culture. 

Keywords: Cross-cultural research, Cultural markers, Methodology, Design, 
Guidelines, User-interface, HCI, Semiotics. 

1 Introduction 

Thanks to the intensification of globalization through communication technology, we 
are faced more and more with UIs coming from different cultural backgrounds. There 
is also a growing need to design UIs that are usable and well accepted in a targeted 
culture. In order to match the user’s cultural expectations as closely as possible, 
designers need to combine usability knowledge with cultural insights. Cross-cultural 
testing of UIs is the most comprehensive way to meet this goal, but it is also the most 
financially demanding. Therefore, by defining a usable set of UI design guidelines for 
a target culture, designers could market their products with lower costs and with 
better acceptance. In the field of cross-cultural comparison [3], we can build upon a 
body of previous research [7, 10, 11]. In our view, however, only limited work has 
been done in creating usable guidelines for cross-cultural UI design. 

To promote this line of research and, to acquire the necessary insights, we carried a 
pilot study targeted at the habits, mental models and UI preferences of Chinese and 
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Czech users. For this purpose, we chose to work from the semiotic perspective which 
helps us uncover the sense-making processes of the users. We used semiotic methods 
to build a common framework to gather and analyze cross-cultural data. From our 
perspective, the UI is an example of complex language. Consequently, in our research 
we focused on different components of the UI language such as: discrete elements, 
interaction sentences, narration, rhetorical tropes, and patterns. [2] Discrete elements 
are the smallest elements to have a meaning. The interaction sentence is a meaningful 
unit describing a task in the user's interaction. The narrative in UI is made both by the 
designer’s meta-communication and the temporal and/or sequential aspects of 
perceiving UI elements. Rhetorical tropes are devices of persuasion and emphasis, 
such as metaphors. Patterns are typical configurations of UI language components in 
different settings. Focusing on these UI language components allowed us to focus the 
scope of our research. 

2 Research Methods 

In order to find the prevalent and preferred UI components or cultural markers [1], we 
focused our study on the five following areas: personal information (demographics, 
exposure to other cultures and technologies), layout (discrete elements, patterns, 
interaction sentences and narration), color (discrete elements, rhetorical tropes), 
symbol (rhetorical tropes) and look and feel (interaction sentences, narration, patterns, 
and rhetorical tropes). There were few overlaps due to the broad scope we focused on 
in this pilot study.  

For the pilot study, we gathered 45 hypotheses about the specifics of Chinese 
users. The hypotheses were drawn from the conclusions of previous research in 
usability testing, psychological studies, visual semiotics and linguistics. For the 
information value of UI components’s spatial organization we worked with the 
oppositions of Given/New, Ideal/Real, and Center/Margin proposed by Kress and van 
Leeuwen [5]. In this context Given is a taken-for-granted information and New 
information is being introduced only after. Similarly, Ideal presents what might be, 
and Real what is, e.g., a specific or practical information. All of these oppositions can 
be combined with Center, a nucleus of information (or the most important 
information), and Margin, containing other dependent information. 

Some of the conclusions were directly included in the hypotheses (e.g., favorite 
colors for the background: blue, purple, cyan, gray), some were modified according to 
our assumptions (e.g., because Given information in the West is expected on the left 
of a screen, we expected the information to work better on the right in China), some 
were constructed from our direct experience with the Chinese culture (e.g., red color 
with yellow text is used for special occasions), while some tested our more general 
assumptions (e.g., there is a close similarity between the sequential information 
structure in language and the horizontal structure in visual composition).  

Our qualitative method was based on one-to-one and one-to-many interviews 
supported by note taking and filling in questionnaires. In order to test the different 
hypotheses, we created at least one question for each hypothesis. The questions were 
clustered according their areas, i.e., personal information, layout, color, symbol and 
look & feel. When appropriate, we used closed questions. However, because we 
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carried an exploratory pilot study, we did not want to constrain our respondents and 
offered mostly open questions. The questionnaire was supported by examples of UI 
components.  

To get data as reliable as possible, we wanted to limit the respondent’s adaptation 
to a foreign culture. For that reason, we worked with students who were enrolled at a 
local university (Dalian Maritime University in China and Charles University in 
Prague, the Czech Republic) and were born and lived in the target cultures of our 
study. Also, the moderator of the interviews was a native speaker at both the 
locations. For each of the interviewed groups we chose a sample consisting of 20 
respondents, evenly split between females and males. The Chinese respondents had a 
mean age of 23 years, while the Czechs had a mean age of 26 years. For this kind and 
depth of research, 20 respondents make for an adequate saturated sample size [4, 6, 
8]. The results were analyzed both qualitatively and quantitatively with regard to the 
threshold of significance. The threshold of significance was set to 10 %. Only results 
of more than 10 % from one another were taken as different. This level is based on 
Sauro [9], where there is an 8 % margin of error for results from 20 respondents. We 
took into account only results greater than or equal to 60 %. The open questions were 
then analyzed with content analysis and contextual analysis across multiple questions 
where appropriate. 

3 Results 

Our findings show there is a strong influence of globalization on the cultural markers, 
mainly through the use of common software platforms. In spite of that, we found still 
many important culture-specific differences in both groups which are related to: 
spatial organization of information [5], shapes, direction of reading, motion, color, 
color combinations, semantic organization of content, use of icons and metaphors, 
user's preferences for different types of media, preference for culture-specific content 
and for cartoon imagery, trustworthiness of the content, navigation tools, visible and 
interaction grammar of menus and commands. Almost half (22) of our hypotheses 
were fully supported by the results from individual questions, 17 were partly 
supported (e.g. the result came second with a small difference in percentage after the 
first answer). 14 hypotheses were not supported, although useful information could be 
extracted. 2 hypotheses were impossible to verify due to lack of data. In the following 
sub-sections, we provide a summary of the hypotheses that were supported by the 
data, those that were not, as well as other interesting insights and comments. The 
summary is divided by the main themes of our research. 

3.1 Layout 

For testing the UI composition we used a matrix with 3 rows and 3 columns. The 
hypotheses that were supported in relation to the spatial organization of the UI, 
shapes, direction of reading and motion are: 

• Given information is expected on the right of the screen. 
• A central composition is regarded more aesthetically pleasing than triptych 

composition. 
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• An even number of elements is more preferred than odd number. Ideal is 8.  
• Images placed symmetrically in the middle look better than on the left/right of the 

screen. 
• Free-flow layout is easier to use than grid-based layout. 
• Users tend to read from top-left towards the center of the screen. 
• Left-to-right lines of text are easier to read than top-to-bottom and right-to-left. 
• There is a close similarity between the sequential information structure in language 

and the horizontal structure in visual composition. 
• Curves stand for softness (and would be better perceived), while straight lines for 

hardness. 
• Rounded corners (curvilinear patterns) are better perceived than square corners 

(geometrical patterns). 
• Copied UI elements are better perceived than original elements. This applies both 

on computer icons and design patterns. 
• Icons presenting objects with a description are more understandable than those 

without a description.  

The unsupported hypotheses, on the other hand, disclosed interesting details: 

• Real information is expected on the bottom of the screen. The majority of Chinese 
respondents put real information in the middle level of the screen (middle row in 
the matrix), overlaying it thus partly on the new and ideal information.  

• A square and double-square layout would be more preferred because it is widely 
used in Asia (a symbol of Earth, Japanese buildings, etc.). Instead, respondents 
preferred a golden-section layout, such as 16:9 or 4:3. 

3.2 Color 

For testing colors we used a 16 color palette [12]. The supported hypotheses 
regarding colors and color combinations were: 

• Users would prefer lighter (pastel) colors and a white background. 
• Personal websites would use a wider color palette than websites for other purposes.  

Unsupported hypotheses were the following: 

• UIs with the white and yellow colors in the foreground tend to be regarded as more 
aesthetic.  

• Background color is more important than foreground color. Interestingly, the Czech 
sample results supported our hypothesis and valued the background very high. 

• UIs with the following background/foreground color combination are most 
appealing: white on blue, white on gray blue, white on purple. The background 
color preference was shared among the groups, except for lime, which was chosen 
by the Chinese. For foreground, blue was a favorite for the Chinese, while red and 
silver for the Czechs. From the shared color combinations, black on white stood for 
clearness and naturalness for the Chinese, while for the Czechs it was for contrast 
and simplicity. 



 A Cross-Cultural Comparison of UI Components Preference 361 

 

Moreover, some interesting insights into the perception of colors emerged: 

• Black: The largest group of semantic items pertained to night and death, followed 
by solemn and elegant, and ink and information device. 

• Navy: The largest shared groups contained painting and writing, sky, navy and sea. 
• Green: The largest shared groups were related to grass and plants, spring and 

summer and a commonality was also found in environmental activism. 
• Teal: The Chinese respondents connected this color to ink and paint, whereas the 

Czech respondents with water and swimming as well as relaxation. No shared 
meaning was found. 

• Silver: Metal and machine was the most common shared group of items, followed 
by fashion and luxury. The Chinese respondents mentioned also cold and rain, 
while the Czech respondents Christmas decorations and snow. 

• Blue: The most common shared meaning was related to the sky and ocean, 
followed by happy and fun. The Chinese group mentioned clean and relaxing while 
the Czech group regarded blue as neutral and cold. 

• Lime: Spring, life, and vigor was the largest and single shared meaning of this 
color. For the Chinese, it was also a color of comfort and relaxation while for the 
Czechs it was connected with food and eating. 

• Aqua: Sky and water was the most common meaning shared between the two 
groups, the second was positive and energy. For the Chinese group, it was a bright 
color while for the Czech respondents it was connected with angels and innocence. 

• Maroon: Passion and blood was the commonest shared meaning. The Chinese 
respondents also answer hair and chestnuts, while the Czech respondents said 
women's apparel. 

• Purple: Dress, luxury, and attractiveness was the largest and single shared 
meaning. For the Chinese group, the color was connected also with flowers while 
the Czech group named sweets and candy floss. 

• Olive: No directly shared meaning was found. The Chinese respondents regarded the 
color as military or soil while the Czech respondents connected with it wood, food, 
and dirt. 

• Gray: The single shared meaning was gloomy and unpleasant, mostly cited by the 
Chinese respondents. For them, it was also connected with rain and dust while for 
the Czech group the color pertained to neutral, city, and office. 

• Red: Together with maroon, the largest shared group revolved around passion, 
blood, and energy. Alarm and warning came second, followed by happiness and 
fun. For the Chinese respondents, it was a color of the national flag, warmth, and 
lipstick while for the Czech group it was connected with berries and flowers. 

• Fuchsia: The single largest shared group was connected with girlish fashion and 
apparel. For the Chinese group, it was also a color of flowers and beauty. 

• Yellow: The single largest shared group orbited around brightness, warmth, good 
mood and activity. For the Czech respondents, it was a color of attention and 
highlighting while for the Chinese group it was for childhood and freshness. 

• White: The largest shared group was related to cleanness, followed by hospitals. 
For the Czech group, it was connected with neutrality, potential and contemplation. 
The Chinese related the color to simplicity and holiness, snow, but also weddings 
(together with red). 
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3.3 Symbol 

For testing symbols we used various examples of computer icons found in different 
applications, or we created the examples by ourselves. The supported hypotheses 
regarding user's preferences for different types of media, preference for culture-
specific content and trustworthiness of the content were: 

• Icons presenting situations are more intuitive than those containing objects. The 
Czech sample preferred image icons to those presenting situations, in contrast with 
the Chinese results. 

• There is a close similarity between sequential information structure in language 
and the horizontal structure in visual composition. Verb (a pointer index) and 
adverb (a “+” sign) would mimic their position in sentence (i.e., the verb comes 
before the adverb).  

• Users can recognize visual patterns occurring in the UI.  
• Copied UI elements are better perceived than original elements. This applies both 

on computer icons and design patterns. 
• The sequence of input in a faceted search follows the sequence of natural language. 

The Subject comes first (relating to the user’s gender, or size), followed by an 
implied Verb and adverb (purpose) and finally the Object (price, color, rating etc.). 
In contrast to the Chinese results, the Czech respondents would put size after 
gender (instead of purpose), purpose instead of price and price as the last, thus 
omitting color and rating. 

• The use of Chinese calligraphy is very praised by the users. 

The unsupported hypotheses: 

• Icons presenting images are more intelligible than those containing characters 
• There is a close similarity between sequential information structure in language 

and horizontal structure in visual composition. Noun (folder) and adjective (star 
attribute) would mimic their position in sentence (i.e., the attribute precedes the 
subject).  

• Long textual pages are considered more useful than texts on more screens because 
the former contain all the information in one place (show more context) 

• Icons with symbols coming from users’ own cultural background are better 
perceived and understood than those from a foreign culture.  

• Given that most of the websites contain mostly text, text would be regarded the 
most useful media. In the Chinese sample, pictorial media (images, videos) had the 
highest acceptance and credibility. In contrast, the Czech respondents preferred 
images and texts to videos and sound, both in terms of the efficiency of 
information transmission and trustworthiness. 

• A localized UI would be better accepted than non-localized UI. The respondents 
were used to use foreign, non-localized applications, so localization was their least 
concern. On the other hand, speed and usability was the major concern among 
users. Also, originality and aesthetics was highly praised. The Czech results, on the 
whole, and in contrast to the Chinese results, showed a preference for features 
instead of color. 
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3.4 Look and Feel 

For testing the look and feel we used various examples found in different 
applications, or we created the examples by ourselves. The supported hypotheses in 
this section regarding user’s preference for cartoon imagery, navigation tools, visible 
and interaction grammar of menus and commands were: 

• Menus starting with a verb are considered more natural than those starting with 
nouns. Although a noun and verb menu was regarded as easy to understand, a verb-
driven menu was preferred in that it showed a clear purpose to the user. In contrast, 
the Czech sample expressed a strong preference towards nouns as these were the 
most intelligible. 

• Cartoon imagery (e.g. little animals) plays an important role in communication. 
The cartoons improve users’ mood and help recall different applications better than 
characters. 

Unsupported hypotheses were: 

• Menus progressively disclosing a narrative (e.g. starting with “I want to…”) are 
considered more natural. 

• Theme-driven menus (e.g. starting with “I want to…”) or role-driven menus (e.g. 
starting with “I am…”) are more logical than menus driven by attributes or 
concepts.  

• The proposed interaction is best understood when starting from a concrete situation 
(a use-case, e.g. “I want to…”) rather than user-role (e.g. “I am…”). 

4 Proposed Guidelines for Chinese UI Design 

To help cross-cultural UI designers utilize our findings, we present our results in the 
form of guidelines that could also be used to enhance the user’s acceptation of the UI 
in a specific culture: 

1. Important information should appear in the top-left corner or in the middle-center 
of the screen.  

2. New (or problematic) information should appear in the middle-center or top-
center of the screen.  

3. Given (or familiar) information should appear in the bottom-right or middle-right 
of the screen.  

4. Ideal (or general) information should appear in the middle-left or top-left of the 
screen.  

5. Real (or detailed) information should appear in the middle-center or middle-left of 
the screen.  

6. Images should be placed in the middle-left or top-right corner of the screen.  
7. Put information meant to be easily noticed in the middle-center or top-left corner 

of the screen.  
8. Carefully choose the images: they start the visual narration on the screen, 

followed by titles.  
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9. The layout should allow for a central composition (1-column, 3-column, central 
layout).  

10. The layout should follow the golden ratio (4: 3, or 16: 9).  
11. Design the layout to be read from left to right. New information should come 

from the right.  
12. Layout dividers should be straight, windows should have rounded corners and 

icons should be rounded.  
13. UIs should use common patterns so that users can transfer their knowledge from 

other UIs.  
14. Use blue, purple, aqua (cyan), and gray (silver) for background color.  
15. Use light pastel colors on a white background.  
16. Use black, blue, and lime for foreground color.  
17. Put more important information on the foreground.  
18. For commercial websites, use the combination of white, silver and black. For 

personal websites white, blue, black and aqua. Lime and fuchsia would also be 
well received. For educational websites use white, blue and black. For 
governmental websites use white, red and black.  

19. Do not put yellow text on red background.  
20. Use silver on black, blue on lime, black on white.  
21. Use icons containing characters and images.  
22. Place icon attributes on the right from the icon.  
23. Create shorter pages with fewer contexts.  
24. Search facets should follow the order of the natural language (Subject, verb, object).  
25. For the highest acceptance and credibility, use pictorial media (images, videos).  
26. Above all, the UI should be fast (responsive) and usable as well as aesthetic.  
27. When suitable, use Chinese calligraphy elements (readable is better).  
28. Form menus from verbs, submenus from nouns. Alternatively, use a combination 

of verbs and nouns.  
29. To improve users’ mood and recall use, cartoon imagery in the UI. 

5 Discussion 

In our paper we tried to show what interesting and workable differences between user 
groups, if any, we can gather from cross-cultural research. Both the groups were 
exposed to similar computing environments which lead to similar preferences for the 
UI structure in general. However, we found a few cultural markers that were different 
and were related mostly to layout and color. The impact of the native language 
grammar on the spatial and logical UI organization was not so profound as we 
expected. More differences came from habits and cultural background.  

Given the large scope of the initial research focus, we were not able to run more 
tests on topics where the results did not support previous research results or were not 
clear enough or promised more interesting data. In a future study, we would like to 
focus more on those questions. 

We hope our results and proposed design guidelines will help the international HCI 
design community and they will contribute to a discussion on how to improve cross-
cultural research. 
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Abstract. In this paper, we propose a second-screen interactive TV viewing 
scenario, and build an Android-based prototype to verify our concept and 
design. The demo app detects the TV program that a user is watching, and then 
dynamically pushes additional information through the second screen to the 
user. In this prototype, we apply audio fingerprinting technology to detect TV 
programs, and users do not have to manually surf hundreds of channels. In 
addition, face recognition and tennis event detection technologies have been 
employed to extract critical elements from the TV contents. With these content 
analysis tools, we can obtain video metadata more easily and need not rely on 
content providers. A usability test with 20 participants has been conducted. Our 
test shows participants are interested in our second screen app, and they would 
like more features and information from the app. Next, we plan to further refine 
the app’s design to enhance user experience. 

Keywords: Second Screen, User Experience, Video Content Analysis, Audio 
Fingerprinting. 

1 Introduction 

The survey of Red Bee Media shows that 52% of the respondents would like to search 
for additional information about the programs they have seen [1]. Unfortunately, most 
of the information on the Internet is fragmented. As the mobile device gets more 
popular, people use it as a second screen while watching TV. In Nielsen’s 2011 
report, 42% of tablet owners and 40% of smartphone owners use their devices in the 
TV viewing context [2]. For now, there is no direct link between TV and the second 
screen which are otherwise tightly coupled. Mobile devices such as smart phones and 
pads, as second screens, meet the increasing viewers’ demand for information. We 
synchronize TV viewers’ mobile devices with the TV, and push related real-time 
information to their devices (such as details of the products placed in the show, 
introduction of the cast). Although interactive TV comes with similar capability, 
interactive applications on the TV screen has been proved interruptive [3]. Using 
mobile devices as second screens of TV, our approach enhances the TV viewing 
experiences without much distraction to viewers. Moreover, second screen approach 
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offers a far richer interaction mechanism than conventional remote control devices 
coming with interactive TV [4]. 

Since product placement is restricted in certain areas (such as Taiwan), second 
screen concept provides another channel for TV marketing. We have built a prototype 
based on this concept to demonstrate and validate this second-screen approach with 
several pre-defined scenarios. 

Our prototype is an Android application. It detects the TV program being watched, 
and pushes real-time information accordingly. To make sure that our design satisfies 
users’ needs while watching different shows, we include a variety of genres in the 
prototype. Considering the needs of viewers and the capability of technology, we 
push primarily the brief information like introduction, summaries, and additional 
contents about the program. We collect the above information and timestamp 
manually unless they can be obtained from the content owner. However, to be more 
independent of content providers in the future, automatic video tagging and 
annotation based on, say, face recognition and sport event detection technologies have 
been developed to analyze TV programs and events in tennis games. Tags and 
annotations are, in our case, the metadata, and will later be pushed to viewer’s second 
screen. To automatically synchronize the mobile devices with TV, we have also 
developed audio fingerprint detection and matching techniques to automatically 
identify the TV program. 

There are 20 participants in our experiment to test the prototype, and each 
participant uses a second screen while watching TV in our simulation. During the 
experiment, they need to finish some assigned tasks and then give their feedback. This 
is to know participants’ preferences when using a second screen and the information 
they would like most. 

2 Related Work 

Fallahkhair et al [5~6] combined interactive TV and mobile phones to facilitate 
informal language learning. Whoever wants to study a foreign language can learn 
from TV shows in that language. The researchers tried to extend this approach from 
TV to mobile devices. Viewers activate TAMALLE, running on interactive TV and 
mobile phones, to get instant information of exotic culture or help with language 
items before, during, or after watching the show. Language items can be saved for 
future use. Mobile phones also provide an alternative way of learning on the move. 

In 2011, Basapur et al [7] proposed a dual device TV viewing experience. They 
built a browser-based web application, which updated time-synchronized feeds of the 
program. In their prototype, a browser tab shows content related post, comments from 
social network, and related multimedia. Another one shows episode and show details, 
and actor bios. Users need to click on a specific post to open its original source 
website in a new tab. In this prototype, researchers manually created the feeds within 
24 hours after the program airs on the TV. A year later, they built another prototype 
[8] where the feeds came from the viewers’ social circles instead of experts, so they 
could interact with the prototype during a live TV show. Thus these information feeds 
should be more personal and more relevant to program contents. However, no 
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automatic synchronization mechanism has been deployed in these two prototypes. 
Viewers have to manually perform synchronization between devices. 

Nowadays, more and more second screen apps are available on the market, such as 
IntoNow [9], GetGlue [10], Miso [11], and Zeebox [12]. They mostly deal with show 
details and social features, including TV program check-in, on-line chatting, and 
Facebook integration. IntoNow and Zeebox provide some kind of content related 
information, but they have no instant message and highly rely on specific content 
providers. RendezVous [13] aims to provide TV viewers interactivity and additional 
information about the program as well. It gathers and aggregates content related 
information from channel partners or their semi-editorial system. It is similar to our 
research. The main difference is we focus on automatic video and audio content 
analysis and event detection. 

3 Design 

In our prototype, 18 programs of various genres are selected, ranging from drama, 
variety show, talk show, sports, travel show, to movies. According to Goodman’s 
research, people (i.e. website visitors) are particular interested in fan-based features 
and show annotations [14]. To better understand the audience of programs, we have 
interviewed potential viewers. Hundreds of ideas have been floated. Considering the 
limitations of time and resources, viewers’ needs, innovation, and our technology 
capability, these ideas are boiled down to 6 categories (i.e. highlight, introduction, 
dynamic information, products, event, and statistics for sports only) of information 
that will be pushed to the second screen. Moreover, social features such as check-in, 
discussion forum and chatting are included in our prototype, too. 

Fig.1 illustrates GUI samples of our prototype application. The “detection” button 
identifies the program currently playing on the TV, and then shows its highlight to 
present a brief introduction of the program to the viewers. In addition, viewers can 
easily access additional information through a feature menu as shown below. 

 

  (a)            (b)        (c) 

Fig. 1. Second screen app UI: (a) main page (b) program highlight (c) dynamic information 

1. Introduction. The section gives a brief introduction of the show such as the cast 
and summary. Viewers interested can further get more detailed information from 
related Wikipedia or Facebook via hyperlinks in this section. For certain genus 
(e.g. drama), a relation diagram among all characters is provided to help the 
audience follow the show more easily. For sports, the history and statistics of the 
players (or teams) is presented to the audience. 
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2. Dynamic Information. While the program is showing, the second screen app 
constantly and instantly shows the summary and updates the contents that range from 
plots, conversations, events, to products. This way, the viewers can well follow the 
program even if they have no time to watch the full show. In some countries (e.g. 
Taiwan), showing product placement is restricted though sometimes the audience 
would like to know about it. The second screen offers an alternative where the 
product’s information can be pushed and displayed. Holmes [15] indicates that the 
second screen garners considerable visual attention, about 30% of the total viewing 
session. To minimize distraction to viewers, new-coming messages are placed at the 
top and old ones will be scrolled down and still kept on the UI. Information will be fed 
to the second screen during commercials to keep viewers glued. 

3. Product. Items in the product placement are listed here. With a single click, TV 
viewers can mark whatever products they like as favorites, or even place an order. 
They can share the information of the product on Facebook. It serves as another way 
of promotion.  

4. Event. The second screen can show instant messages about certain campaigns. 
Viewers can choose to participate and share the campaign information on 
Facebook. 

5. Statistics. The statistics of a live Sports show is constantly and instantly updated, 
and made available to the viewers. 

6. Check-in. Users share the information and comments of the program they are 
currently watching using Facebook. This very program will be further exposed to 
current viewers’ social circles and promoted. 

7. Discussion Forum/ Chatting Room. TV viewers communicate with one another using 
Discussion Forum for topic-independent messages and Chatting Room for free talk. 

4 Prototype Implementation 

A prototype based on the above design has been implemented. An Electronic Program 
Guide (EPG) containing 6 channels is used in our test, each representing a certain 
aforementioned genre. Three 5-minute long videos play repeatedly on each channel. 
A streaming server streams these programs, according to the EPG, and delivers 
related information to users as well. A push server is also installed. 

4.1 Metadata Information Extraction 

In our application scenario, we need to push additional information such as 
actors/actresses, products, location and events to the second screen.  To effectively 
manage such information, the associated metadata from content owner is required, 
either generated manually or automatically. However, obtaining complete or 
sufficient metadata from TV companies is difficult, in practice. Hence we also 
develop content analysis technologies to automatically extract metadata from audio 
and video features. Initially, we focus on face recognition and tennis event detection.  
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Fig. 3. Tennis video content analysis data flow 

Below is brief explanation of the data flow Fig. 3. First, the content analyzer 
detects the shots, uninterrupted clips recorded by a single camera, by using a common 
video processing method. Then, rules are defined for scene segmentation and scene 
event detection. A scene is a collection of semantically related and temporally 
adjacent shots, depicting and conveying a high-level concept. In the scene event 
detection, some detectors compute the positions of the tennis court and the players. 
Please refer to [17] [18] for the details of the algorithm. We also have detectors to 
spot the sounds of hit and cheer. Most events occur during the rally between players, 
and are followed by cheers [17], if there are great shots. Audio plays an even more 
important role in event detection than video here. Audio features are cheaper to detect 
(than the video ones) and help significantly reduce the cost of the video processing 
(e.g. court and player tracking). Detected events will be exported in XML and pushed 
to viewer’s second screen accordingly. 

4.2 Audio Fingerprinting 

Automatic synchronization between TV and second screen is a desirable feature for 
some TV viewers. The associated audio fingerprints are employed to detect the 
current TV program. We apply audio, over video, for easier management and 
computation. Moreover, recording audio is easier than recording video for most of the 
viewers. Push the “detect” button, and then app records the TV sound and instantly 
determines the program playing on TV. 

An acoustic fingerprint is a condensed digital digest that deterministically 
computed from an audio signal. By comparing it with audio samples in an audio 
database [19], we can quickly find matched items. In our real time audio recognition 
system, the critical band analysis method from Kaller et al [20] is adopted to extract  
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and match fingerprints. A server computes the fingerprint of (1) an audio clip 
recorded by the client app and (2) a stream immediately after it is received from a 
channel, and updates the audio database. 

 

Fig. 4. Audio analysis system flow chart 

5 Evaluation 

We have conducted a usability test on our prototype. We have 20 participants from 
Taiwan (10 males and 10 females) of ages ranging from 22 to 40. Some of them are 
students, and others are our colleagues. None of them has ever participated in this 
project. They watch TV more than 1 hour per day on average, and use their mobile 
devices while watching TV at least once a week. From their feedback, we hope to 
better understand users’ preferences and behaviors. 

Since the second screen concept and apps are not popular in Taiwan yet, only 1 
participant has ever used similar apps or services. However, 17 of them often search 
for additional information about TV on Google. 

During the test, participants are asked to perform certain tasks in a simulated living 
room environment, which include (1) synchronizing TV with mobile device, (2) 
looking for additional information about a movie and the actress in the movie, (3) 
checking movie/ game status, and (4) purchasing a product. At the end, they each 
need to fill out a 5 Likert-based satisfaction questionnaire, and give comments on our 
prototype and second screen scenarios. 

Overall, participants are positive about our prototype. They like the automatic 
program detection feature, and find it useful. Three of them would like our app to 
automatically detect channel change as well. The detection button on the app does not 
seem clear enough, and five participants suggest making it more eye-catching. They 
also show the concern about the reliability in a noisy environment. The information 
we provide in our app is appealing to participants. They particularly like the program 
introduction, dynamic information, products, and statistics. All participants would like 
to use this app in the future if it is free. If they have to pay, then more incentives are 
needed. 

As for the usability of our prototype, participants are able to complete all assigned 
tasks, except for reviewing missing TV contents. Based on our test scenario, 
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participants turn on TV to watch the movies that have already been playing for some 
time. To follow the movie, they are asked to check the content of the part they miss. 
Thirteen participants mistakenly click “introduction” instead of “dynamic 
information”. They assume that TV content summaries should be placed in the 
program introduction session. Moreover, four participants click “introduction” to 
check personal statistics in a game. From their behaviors, we conclude that people 
tend to click “introduction” when they are lost. Therefore, the wording of the menu 
needs to be clearer and more intuitive. Ten participants click the wrong icon when 
synchronizing second screen with TV program. It is because the “Detect program” 
icon is too small to be distinguished from its logo. 

When asked about the wish list for new features, six would like program 
recommendation, and four would like to control their TV directly with the app. TV 
schedule and more program related information (such as movie review, behind the 
scenes, game strategy) are desirable. 

6 Conclusions and Future Work 

In this paper, we propose second screen scenarios, which focus on the real-time 
delivery of additional program information. Our goal is to enhance the TV viewing 
experience with a second screen, and such information delivery should not interfere 
with users’ normal TV viewing behavior, and additionally provide new business 
opportunities. An Android-based prototype app has been implemented. This app 
automatically detects TV program, and instantly pushes related information, such as 
program introduction, dynamic information, product, and statistics. Audio 
fingerprinting, face recognition, and tennis event detection technologies are employed 
in this app. 

To verify our development work, an experiment involving 20 participants shows 
that people adopt the second screen quickly, and like it especially when this 
application is free. However, participants would like more diverse features and richer 
information on the second screen. 

In the future, we plan to expand the scalability of our prototype to support more 
concurrent connections. To enrich our contents, we will continue developing new 
media analysis techniques. For example, live audio/video keyword detection and 
spotting is on the drawing board. We will iteratively revise the design of our system 
according to the feedback from users, and hope to release our product to the market as 
soon as possible. 
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Abstract. Through the cultural accumulation of knowledge with the SECI 
model to bring out the re-integration of the design factors from the elements of 
Oriental design imagery metaphor by the experience exchange from different 
expertise. Transformation of the changes is from observation to interaction till 
stimulated the creativity that fertile the fundation of knowledge. The practice 
process is the result of the deconstruction of the elements to transforming the 
accumulation of knowledge till the implementation of construction of the actual 
production and final the validation is complete. 

Keywords: Cultural and creative industries, bamboo, tea, qualia, SECI model. 

1 Introduction 

Culture and Creative Industries is a new trend of the world’s industry. Not only can it 
create a phenomenal economy grow, but also has become the hottest industry to com-
pete to other countries. Taiwan also needs to participate in this new trend. Taiwan’s 
tea and bamboo can’t fight only based on the quality but have to create a new story 
itself. In order to do so, Kansei is the way how writer interprets the new story. 

Kansei experience is the core of this research. Taiwan’s bamboo and tea were re-
spectively as the appearance and content of the design, appliances and material. The 
bamboo is the material for the construction and tea as the connotation of function. The 
tea ceremony is inspired by five senses of Kansei. By go through the Evoked Meta-
phor and SECI model to prove that it is important for a design process to go by inter-
disciplinary discuss and integrate. After the integration, it still needs to workable, by 
then can we say the design has got the “perceptual field, moved experience and Quali-
ty goods” ability and called Qualia design. 
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Use “Case Study” to investigate tea restaurant and conclude with four elements 
how urban people experience created: space、experience、goods and narrative. And 
use them as the design’s elements, undergo the SECI model, and integrate with 
Evoked Metaphor and Kansei design, then create a new design of carbonized bamboo 
tea set. To verify the marketing and possibility of commercialization with a tea cere-
mony of a complete experience designed the space by five senses. 

Through the cultural accumulation of knowledge with the SECI model to bring out 
the re-integration of the design factors from the elements of Oriental design imagery 
metaphor by the experience exchange from different areas of expertise. 
Transformation of the changes is to observe the surrounding environment from the 
potential cultivation of knowledge in a particular field, to interact with the outside 
world, whether it is narrated of the text language or images shock, stimulate creative 
thinking, and fertile the next stage of accumulation of knowledge foundation. The 
practice of the process is the result of the deconstruction of the first element, 
transforming the accumulation of knowledge, the implementation of construction of 
the actual production, the validation is complete. Presented a people in cultural 
knowledge, co-innovation, and the corresponding DNA run in the industry. 

2 The Study 

A term of modern philosophy, “qualia” can be regarded as the entirety of what one 
perceives: it is the sum of “feelings” that one experiences when the mind interacts 
with the world; it is the very first “impact” that one senses from something without 
any dissimulation. Such an experience directly touches one’s heart and is therefore a 
key factor to sympathy and sensation. Used in design, “qualia” may add an intense 
sensational trait to the simple utility of a product and transform it into an exceptional-
ly adorable item. Among the various examples of successful qualia creations, we are 
especially intrigued by that of the Japanese chado (tea ceremony), a combination of 
oriental simplicity, serenity and solemnity with which the ceremony is imbued. Such 
is a sort of artistic beauty deeply rooted in the oriental culture. If one could integrate a 
bit of this beauty in utensil design, users would be able to constantly refresh them-
selves with a similar sensation at any given time or place. The current study is espe-
cially interested in the way of expressing the artistic simplicity of chado in design: not 
only will its unique qualia serve as the focus of design, but we will also test the posi-
tioning of conceived products in the market by comparing them to their counterparts 
in the modern experience of tea tasting. 

Meanwhile, as Taiwan’s cultural and creative industry evolves with that of the 
world, one may reconsider the role of bamboo, one of Taiwan’s signature produces. 
In the following parts of the study, we will present the uniqueness of Taiwanese bam-
boo and its prospect of development as an important, environmentally friendly ma-
terial that is becoming increasingly well-received in the world. 

The current study seeks to investigate how Taiwan may transform its traditional 
material into modern products by introducing appealing design in indigenous bamboo.  
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It is hoped that the study may inspire other designers to reconsider the versatile and 
plastic nature of bamboo and to create even more ingenious designs. In this study we 
expect to achieve the following objectives: 

1. To investigate in the literature review the applicability of bamboo as one of the 
world’s new favorite materials as well as the conceptualization of qualia in design. 

2. To identify the trend of development of bamboo material in the international mar-
ket by studying existing literature and international exhibitions; to find the process 
of and essential elements of tea tasting in modern society by means of case study; 
to introduce the SECI Model by means of Evoked Metaphor (EM). 

3. To classify and answer the questions encountered in the course of introducing the 
SECI Model so that future designers interested in conducting similar studies may 
use the answers as references. 

4. To propose an integral example of innovative utility design by demonstrating in the 
EM and the SECI Model how knowledge is acquired and exchanged in the interac-
tion of theories, from the original idea to the end product; to show how a dialogue 
between modern design and traditional craft may serve as an example of successful 
cultural and creative industry development. 

With “qualia” as its theme, the study incorporates Taiwanese bamboo and Taiwanese 
tea as the body and soul of the designed products, which shall be made of bamboo, 
serve as teawares, and invigorate prospective users through their five senses. An 
Evoked Metaphor and a process of organizational knowledge creation (SECI Model) 
will exemplify the steps of a complete process of product development from concep-
tualizing interdisciplinary theories in design to testing the effect of such design with 
users. Such a process is epitomized as “sensitive field, impressive experience, qualia 
product.” 

Based on the case study, “field,” “experience,” “commodity” and “story” are iden-
tified as components of product design. Findings of a research method integrating 
SECI Model and Evoked Metaphor yielded innovative bamboo charcoal teawares as 
“commodity” and tea party as “field” in which users may “experience” through their 
five senses a created “story” whereas designers may test the market acceptance of 
their work and the possibility of commodification. 

The SECI Model shows how certain metaphors found in Oriental design may fuse 
and then split into new design elements through interdisciplinary exchanges as de-
signers’ knowledge about culture evolves. Such fusion and fission are fueled by the 
interaction between internal knowledge and external environment in a given field. An 
inspiration, no matter occurring verbally or visually, stimulates creativity and is later 
internalized to complement or enrich existing knowledge. The process of product 
development presented in this study can be summarized as: deconstructing preexisting 
design elements in a sensational experience, transforming historical knowledge, re-
constructing the design elements in a product, and testing the product. The process 
exemplifies how a collective innovation in knowledge and culture may be achieved 
by individuals of different times and spaces. 
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3 Conclusions 

The two subjects of the current study, bamboo and tea, both important produces of 
Taiwan, are not only important metaphors in Oriental cultures but also representations 
of Taiwanese traditions. Having decided on the “body,” or material, of the design 
product, we seek to find a “soul,” or theme, with which the modern society can identi-
fy. Through field research in a tea restaurant, we were able to elicit a “qualia tea tast-
ing ceremony” of urban residents in which field, experience, commodity and story are 
all indispensable components of a qualia design. Up to this point, we were clear about 
the “body” and “soul” of our qualia and were only left with the task of concretizing 
the practice. We therefore employed EM and SECI Model to theorize and concretize 
the practice so that we could propose a specific process as reference for future replica-
tion or improvement. The method should allow craftspeople from different disciplines 
and professions to exchange their know-how from designer’s perspective in order to 
reach new heights in design. As these experts all have different skills, it is only 
through this method that they can come together with their expertise and contribute to 
an interdisciplinary qualia design. The study proposes the following conclusions: 
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1. Qualia should be the core of each design, because impressive qualia can not only 
touch people’s heart but also promote the value of a design product. However, qua-
lia cannot be achieved by the product alone; it takes all the four elements, namely 
field, experience, commodity and story, to construct a really impressive qualia. It is 
for this reason that we chose to test the design product in a tea party, where we 
constructed a field in which users were able to experience a story. This practice 
was accomplished by means of an EM interdisciplinary communication that in-
volved craftspeople from different professions and with different knowledge and 
techniques. On the other hand, the SECI Model, which conceptualizes the cycle of 
knowledge dissemination and renewal, indicates that a qualia experience may be il-
lustrated, referred to and replicated in other situations. The study shows how one 
may put related academic theories into practice. 

2. The study may serve as an example of real practice in Taiwan’s cultural and crea-
tive industry, which can be seen a value-added version of traditional manufacturing 
industry or emerging service industry. The two themes of this study (tea and bam-
boo) are in reality mature industries in Taiwan; however, the marriage of these two 
traditions brought about the innovation in material and medium use of bamboo 
charcoal teawares. EM and SECI Model taught us that successful design is in fact 
more than an occasional inspiration: not only does it have logical components, but 
it can also be forged through constantly fusing and splitting elements of various 
knowledge bases without changing the leitmotif of the design. And it is through 
this process that design reaches constantly newer heights. 

3. The involvement of the SECI Model of organizational knowledge creation distin-
guishes EM from traditional design methods. In the new practice, the design ele-
ments are thoroughly communicated and understood by all actors in the design 
process; this allows us to avoid the problem of incompatibility between designers 
and executers without having to change the leitmotif of the design. Different from 
the traditional unilateral design method, EM proposes a process cycle that can be 
constantly refreshed to achieve the optimal result. In the study, this cycle allowed 
us to find out that only by extending the traditional thinking of craftspeople could 
we bring innovation to craftsmanship; only by grasping the properties of new mate-
rials could we integrate all of them in a set of teawares; only by reconsidering the 
dependent relations between design elements could we bring out the leitmotif in 
the products; only by recognizing user’s needs could we craft artistic commodities 
that had a potential to sell. 

4. Through the theoretical framework of EM and SECI Model, the study proposes a 
module of four phases: study, design, completion and experience, among which the 
phases of “study” and “experience” especially set the current practice apart from 
traditional design methods. On one hand, during the first phase, designers’ past ex-
perience and new interdisciplinary knowledge interact to generate new design ele-
ments that split and fuse to form an orientation that guides the product design. On 
the other hand, during the last phase, designers ponder about such questions as 
“Will the end product be accepted by the market?” “What can we do to improve 
the process of commodification?” To properly test market acceptance, it is neces-
sary to create an appropriate field of experience (i.e. one that facilitate the five 
senses) and to draft effective marketing strategies (story) so that designers may 
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gather sufficient information (experience of prospective consumers) about future 
marketing of the product. 

5. The study presents a real practice in which a design product involved designers’ 
perspective, craftspeople’s professional know-how, and cross-border collaboration. 
In this practice, products of traditional industries were given a new life and a new 
story thanks to an exceptional collaboration between innovators, practitioners and 
academics. It is hardly possible to find in one person designers’ knowledge about 
commercial value and modern creativity, craftspeople’s excellent skills and re-
searchers’ expertise in theories. Nonetheless, through communication and dialo-
gue, it is possible to achieve a cultural and creative product which not only is artis-
tically conceived and skillfully made but also addresses users’ needs. In this optic, 
a cultural and creative product can also be an art work. The current study is but an 
example of such collaboration; the feasibility of such a method is yet to be repli-
cated by other designers in the future. 

In sum, qualia is a key factor to the connection between cultural and creative industry 
and consumers because it is how one perceives the world and how the world touches 
one’s heart. As qualia is powerful but elusive, one needs to conceptualize it through a 
specific process if he wishes to know what it takes to use qualia in cultural and crea-
tive design. To better demonstrate how qualia can inspire design, the current study 
exposes a theoretical framework as well as an actual practice. As qualia cannot be 
described in words, its most important part lies in users’ experience with it. And it is 
exactly in users’ sensational experience that one sees the connection between con-
sumer and design product: it is in the exceptional qualia that one sees the real value of 
cultural and creative products. 
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Abstract. The fast development of mobile services in China and the recent 
trend of touch-screen handheld devices precipitate researchers to understand us-
er experience with mobile Chinese handwriting input (HWI). This research at-
tempts to provide an integrated picture of user experience with Chinese HWI on 
touch-screen mobile phones. Five usability experts were invited to inspect usa-
bility problems of seven handwriting-enabled mobile phones, which varied in 
type of screens, writing tools and interaction approaches, operation systems, 
and handwriting recognizers. In a following usability evaluation with five no-
vice users, we collected both quantitative data and qualitative data to give an 
overall performance assessment to the seven mobile phones and furthermore to 
analyze the usability issues with HWI. As a result, we identified 16 usability is-
sues related with handwriting recognizers, input interfaces, and devices/users 
respectively. 

Keywords: Usability evaluation, heuristic evaluation, mobile phone, user inter-
face, Chinese, handwriting input. 

1   Introduction 

The popularity of mobile data services in China (e.g. web surfing, IM, emailing, etc.) 
highlights the importance of mobile Chinese input methods. Recently the trend of 
touch-screen handheld devices in China, such as iPhone, triggered a new round of 
enthusiasm on handwriting input (HWI), which is considered as a superior solution 
for languages using a large and complicated character set such as Chinese (Mackenzie 
& Soukorff, 2002). Theoretically anyone who can write Chinese is able to input with 
HWI, including people with little computer experience, such as older people. Differ-
ent from the popular Pinyin-based method on keypad-equipped phones, HWI is inde-
pendent of the dialect spoken by the user. Furthermore, the “naturalness” brought by 
the pen-and-paper metaphor upon which HWI is based (Frankish, Morgan, &Noes, 
1994) is very appealing, especially for novice users.  

As Chinese HWI becomes more and more popular, people are raising their  
expectation about its ease of use. Currently there has been a few studies on the usability 
of mobile HWI of alphanumeric text (Bouteruche, Deconde, Anquetil, &Jamet, 2005; 
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Frankish, Morgan, &Noes, 1994; Frankish, Hull, &Morgan, 1995; MacKenzie  & 
Zhang, 1997; Ren & Mizobuchi, 2005). None of these studies, however, have tried to 
provide a comprehensive understanding of issues influencing user experience throughout 
the entire inputting session, which involves interaction with the handheld device, the 
back-end handwriting recognizer, and the front-end input interface as a whole. Tasks in 
these studies were often constrained to inputting alphabet-numerical characters. In real 
use, users often need to carry out text input together with interface management opera-
tions (e.g., pointing, selecting), and often input characters from different vocabulary sets 
(e.g., insert an email address and a phone number in a message written in Chinese). Fur-
thermore, the popularity of capacitive screen put forwards problems related to writing 
with fingers. 

The current study aims to specify usability issues that influence user experience 
throughout the whole inputting session. In order to accomplish this goal, we started 
with a thorough review of existing usability studies on mobile HWI with particular 
focus on Chinese input. Then we invited five experts to identify usability problems on 
seven touch-screen phones that differ in brands, type of screens, writing tools, opera-
tion systems and handwriting recognizers. Following that, we compared user perfor-
mance among the seven phones by usability testing with five novice users.  

2   Related Work 

There are mainly two alternative solutions for inputting text with touch-screen mobile 
phone: HWI and virtual keyboard (VKB). An early study by Lewis (1999) compared 
input rates for VKB and a simulated HWI. With the assumption of 100% recognition 
accuracy, HWI input speed averaged 23.6 words per minute (wpm) for sentences, which 
outperformed VKB (17.0 wpm). Liu, Ding, and Liu (2009) studied mobile Chinese input 
rate against novice users, and found that there was no significant difference in input rate 
between HWI and standard VKB, but users made more errors with HWI than with VKB. 
The result that even novice Chinese users can achieve a fairly good input rate may be 
explained by the fact that Chinese uses pictographic characters, and the complex forms 
and structures of Chinese character may provide more cues to handwriting recognizers 
(Dai, Liu, &Xiao, 2007), and consequently less selection operations. However, except for 
Lewis (1999) study that assumed a perfect HWI recognition accuracy, the error rate of 
HWI is found higher than that of VKB for both alphanumeric and Chinese input.   

Error rate with HWI is closely related to the recognition accuracy of the recogniz-
er. LaLomia (1994) found a HWI recognition accuracy of 97% or higher is generally 
acceptable. We did not find any study reporting such statistics with Chinese HWI, but 
results from a Japanese HWI study (Ren & Zhou, 2009) can be taken as a reference: 
the recognition accuracy for Chinese characters mixed with Kana characters was 
around 90% to 93%. Recognition accuracy is not only related with algorithm design 
of the recognizer, but also with users’ writing style (Lumsden & Gammell, 2004) and 
the type and amount of training they received (MacKenzie & Zhang, 1997). Frankish 
(Frankish, Morgan, &Noyes, 1994) suggested recognition accuracy can be improved 
by putting limitations on the writing place (e.g., discrete cells for letters), the writing 
style (e.g., prohibiting cursive writing), the size of vocabulary (e.g., alphabetic letter 
only). But each of these measures may detract from the appeal of “naturally writing”. 
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The importance of input interface quality has been recognized by a number of re-
searches. Bouteruche et al. (2005) proposed a set of design guidelines based on the 
idea of maximizing spatial contiguity and minimizing attention switching from the 
writing task. These guidelines were implemented in their interface design of a HWI 
editor called DIGIME. For HWI using writing boxes, proper geometry and dimen-
sions of the box are required to maximize the inputting speed and minimize the error 
rate. Ren and Zhou’s (2009) study showed that the optimal writing area for inputting 
Chinese mixed with Kana characters is square box with a dimension of 14*14mm.  

The physical aspect of handheld devices and writing tools may also influence usa-
bility of mobile HWI, as reflected by user comments in Lewis study (1999). However, 
we did not find many scholarly researches in this vein, except for Ren and Mizobu-
chi’s study (Ren & Mizobuchi, 2005) on the optimal dimensions of stylus for Japa-
nese people. Through two experiments they found the most suitable dimensions was: 
pen-length 11 cm, pen-tip width 0.5 cm, and pen width 7mm. To be noted is that par-
ticipants of the experiment were Japanese, and the results should be generalized with 
cautious due to anthropometric difference among countries.  

Previous studies imply that when a user input with mobile HWI, his/her experience 
is influenced not only by the handwriting recognizer, but also the input interface and 
the physical device. Though the impact of some specific features on usability has 
been studied, a purposeful examination is needed to obtain a big picture of usability 
issues that influence user experience with mobile Chinese HWI. 

3   Methodology 

To establish a comprehensive understanding of possible usability issues of mobile 
Chinese HWI, a wide examination of the state-of-art mobile HWI solutions on touch-
screen phones  was needed. We selected seven mobile phones covering a wide range 
of brands (Apple, Nokia, Samsung, LG, HTC, Dopod, and a local brand) and opera-
tion systems (iOS, Android, Windows Mobile, Symbian, and model built-in systems), 
as shown in Table 1. We ran two studies to specify usability issues that influence user 
experience with mobile Chinese HWI. In the first study, five usability experts in-
spected usability problems of the seven phones through self-reporting questionnaire, 
think-aloud tests, and a focus group discussion. The results of study 1 also informed 
the design of the following usability testing with five novice users (study 2). 

Table 1. The seven mobile phones in the expert review and user testing 
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3.1   Study 1: Expert Review 

Participants. Five usability experts with abundant touch-screen product experience were 
invited. Two were faculty majoring in usability engineering and human-computer inte-
raction (HCI), one was a usability researcher who had led and worked in mutiple usabili-
ty projects, and two were PhD students who had been trained for more than 4 years in the 
HCI program and also had adequate experience with usability evaluations. 

Procedure. Each expert first tried out all the seven models separately in their working 
place and at their own pace. With each of the seven phones they were asked to com-
plete the following tasks: creating and editing a contact, creating and sending short 
messages, sending and receiving emails, searching and browsing web contents, using 
mobile social networking services. For each task, the expert was asked to identify 
usability issues related to handwriting recognizer, input user interface issues, and 
general issues. Data were collected with a review form which experts filled in and 
returned to us at the end of their testing period of a phone. The seven phones were 
circulated between experts with coordination and a time slot of two hours for each 
phone with each expert was ensured. 

Then each expert was invited to our usability laboratory for a think-aloud test. Two 
types of tasks were used in the think-aloud test: contact editing and messaging. Based 
on feedback from experts, the tasks were slightly revised and used in study 2, which 
were introduced in detail later. When performing tasks, experts were encouraged to 
speak aloud what they were looking at, thinking, and doing, and these were captured 
by video and audio recording. The testing sequence of the seven phones was rando-
mized for each expert. Each session took about 3 to 4 hours. 

Finally, we held a focus-group discussion with all five experts for discussing issues 
they found and generating further insights on usability of mobile Chinese HWI. 

3.2   Study 2: User Testing 

Participants. Five novice user testing sessions were held in our laboratory. All partic-
ipants, including 3 females and 2 males, were graduate students from different de-
partment of Tsinghua University, aging from 23 to 27. They were all experienced 
mobile phone users, but none of them had ever own a touch-screen phone. It is inter-
esting to find when being asked whether they want HWI feature, only one participant 
give positive answer. Concerns participants raised included: (1) keyboard (especially 
physical keyboard) input method is faster compared with HWI; (2) handwriting rec-
ognition has a relatively low accuracy rate; (3) a matter of habit and more accustomed 
to keyboard input mode; (4) the operation of handwriting sometimes needs both 
hands, thus not very convenient. 

Tasks. The participants were required to complete five tasks with different length and 
content on each of the seven phones. Task design was guided by the goal to be represent-
ative of those users would encounter in real use. Task one and two involved creating new 
contacts by entering name, phone numbers, and email address in the contact manager of 
each phone. Task one involved a mixture of Chinese characters, English letters, while in 
task two, no Chinese characters were input. Task three to five involved sending messages 
to others. Task three was a greeting sentence in English; task four mixed a short English 



388 Q. Gao et al. 

 

sentence, a Chinese sentence encouraging the recipient, and a phone number; task five 
was a Chinese ragged verse ended with an emoticon.  

Measurement. 1) Input rate (characters per minute, cpm) was measured by the num-
ber of characters entered per minute. 2) Error rate (%) was measured by the ratio 
between the number of wrongly input characters and the number of total input charac-
ters (both correct and wrong). 3) Correctness rate of the first character (CRFC, %) 
was the ratio between the number of characters recognized by the first (default) alter-
native in the alternative list and the number of total input characters. It means the user 
does not need to extra selection action for the correct recognition. Compared with 
error rate, CRFC reflects more precisely the recognition accuracy of recognizer. 4) 
Subjective satisfaction was measured by the means of users’ ratings on five satisfac-
tion scales, asking about users’ satisfaction with recognition accuracy, recognition 
speed, input interface, design of the contact/messaging function of the phone, and 
overall satisfaction with the HWI being used. Five-point Likert scales (1 for highly 
unsatisfied and 5 for highly satisfied) were employed in the questionnaire.  

Procedure. Each user was tested individually in the usability laboratory of Tsinghua 
University. After being introduced the research, participants filled out a background 
questionnaire that collected demographic information and past experience with touch-
screen phones. Before carrying out tasks, participants were allowed to experience each 
phone for a couple of minutes. Then, the participants completed the five tasks on each of 
the seven phones with HWI, except for iPhone, whose HWI recognized only Chinese 
characters and some simple punctuation but not others (this was no longer true for built-
in HWI with latest iOS 4.3). The testing sequence of the seven mobile phones was ran-
domized. Upon completion of tasks with a mobile phone, the participants then completed 
a satisfaction questionnaire for that phone. They were also shortly interviewed about 
usability problems they have found. Each session took about 2~3 hours. 

4   Results Analysis 

Quantitative analysis was first conducted to compare the performance of seven mobile 
phones. User performance and satisfaction from study 2 was reported in 4.1, and usa-
bility issues identified in both study 1 and 2 were synthesized and reported in 4.2.  

4.1   User Performance and Satisfaction 

Error Rate and CRFC. The means of error rate & CRFC for each mobile phone and 
task are demonstrated in Fig.1 (a) & (b). For Chinese input tasks, the performance of 
Nokia was the best (low error rate and high CRFC), while the performance of Dopod, 
LG, HTC, & Samsung was relatively worse. There were several factors influencing 
input accuracy of Chinese HWI. A major one is how the input method deals with 
mixed input of Chinese, English, and numbers. For example, Nokia supports mixed-
input and also gives priority to the recognition of characters corresponding with the 
current mode. This setting can greatly decrease the errors, because users don’t need to 
frequently switch recognition mode (e.g., Chinese mode, English mode), which is 
easily omitted by users.  Dopod, Samsung and LG do not support mixed input. 
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Another key factor is the interference between screen operations and handwriting. 
The interference problem with Dopod was complained 8 times by participants during 
the studies. In addition, too few recognition alternatives also influence the accuracy a 
lot. For example, iPhone only provided 4 recognition alternatives, and it is more like-
ly that no candidate is correct and users need to delete and re-write the character. 
Besides, the relatively low accuracy of LG was caused by its problematic writing area 
design. Its writing box looks like a 田, and participants easily regarded it as four 
independent sub-area, but in fact there is only two independent sub-area.  

Input Rate. The average input rate for each mobile phone and task is demonstrated in 
Fig.1 (c). In terms of Chinese input tasks, Nokia got the highest input rate among the 
seven mobile phones, which was due to the mixed-input recognition feature of Nokia. 
The lowest input rate of K-Touch was mainly caused by the following reasons: 1) interfe-
rence between screen operations and handwriting; 2) the slow reaction speed of back-end 
recognizer; 3) the difficulty with switching recognition mode. For English tasks, Dopod 
and iPhone were much faster than the other phones. In particular, Dopod supports conti-
nuous handwriting input recognition for English characters and numbers, while on 
iPhone participants used virtual keyboard for English letters and numbers.   

Satisfaction. Satisfaction ratings with the seven mobile phones are shown in Fig.1 
(d). Participants were most satisfied with iPhone and Nokia among the seven mobile 
phones. In particular they were most satisfied with the recognition accuracy of Nokia 
and the recognition speed/input interface of iPhone. From Fig.1 (d), we also found 
that in most cases the ratings of user interface were lower than the other items, which 
indicate that more attention should be paid to the interface design in the future.  

 

Fig. 1. The results of quantitative analysis 
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4.2   Usability Issues of Mobile Chinese HWI 

Based upon the study 1 & 2, we compiled a list of usability issues, which were classi-
fied into three categories: input interface related issues, handwriting recognizer re-
lated issues, and device and users related issues.  

• Input Interface Related Issues 

1. Visual style of stokes should resemble natural chirography in pen-and-paper writ-
ing. The visual style of K-Touch was most appreciated in the experiment as it re-
sembles the look of strokes in pen-and-paper writing. Participants complained that 
too thick (LG) or too thin (Dopod & Nokia) strokes were lack of a feeling of  
“natural writing”. 

2. For writing area design, full-screen writing over the current window is preferred 
to full-screen writing in a new window; writing in a box tiled with the current win-
dow is preferred to writing in a box overlapping the current window. For full-
screen writing in a new window, users need to write in a totally new window after 
they activate the edit function, and return to the previous window after complete 
the writing. This way of jumping out and backward break the normal workflow of 
users. For overlapping writing box (e.g. the box mode of Nokia), when the box 
field overlaps the input field, users need to close the writing box and move the field 
and re-open the writing box again. 

3. Provide 5~7 recognition candidates. Too few recognition candidates may reduce 
the possibility of “hitting” the correct target and also arouse anxiety from users. A 
number of 5~7 is recommended, though more scientific study is needed to prove its 
validity. 

4. Prediction characters should not be presented simultaneously with recognition 
candidates. Predicting the next character based on available input is helpful for 
improving input rate and reducing user fatigue. But presenting predictive charac-
ters simultaneously with recognition candidates is very error-prone: users may 
click a predictive character but not a recognition candidate. It is better to present 
predictive characters after the user select a recognition candidate. 

5. Provide direct shortcuts to frequently used punctuation and other symbols on the 
input screen. Displaying a list of frequently used punctuations and symbols on the 
interface is appreciated by users.  

6. Make correction operation easy to recognize and access. The backspace key and 
the delete key are important correction tools, and should be designed visually 
prominent (e.g., bigger size, placing at the right corner) and physically easy to 
access.  

7. The icons on the handwriting input interface should be legible and easily recognized 
by user. The icons should be simplified and could represent meanings clearly. The 
elements of icons (e.g. usage, appearance, borders) should be kept consistent. 

• Handwriting Recognizer Related Issues 

1. User effort for switching between different modes should be minimized. Repetitive 
and difficult switching among different modes was complained most. Possible ap-
proaches include: a) allowing mixed-input of frequently used symbols, numbers, 
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and English characters; b) making the switch operation easy and effective; c) the 
recognizer can adjust its mode to the input context automatically. For example, for 
form-filling tasks, such as editing contact information, the recognizer can switch its 
input mode according to current input field, such as digits or English letters. 

2. Users are more accustomed to timeout method instead of discrete writing box me-
thod for character segmentation. The benefit of discrete writing box method is it 
allows users write in their own rhythm and prevent errors due to incomplete writ-
ing. However, we found neither experts nor novice users appreciate this benefit. 
Some novice users did not understand how this method works and still wrote as 
with a timeout method: they would not start writing a new character in the next box 
until the previous input character was correctly recognized.  

3. The timeout threshold should be defined according to the trade-off between speed 
and accuracy. We found short timeout threshold leads to recognition errors due to 
incomplete writing, especially for complex characters with many strokes. Accord-
ing to Cui and Lantz (2005), optimal timeout options for fast, ordinary, and slow 
writers could be 350ms, 500ms, and 700ms respectively. 

4. It is best to provide continuous input recognition for English and number HWI. 
The continuous input recognition can increase the input rate and accuracy greatly.  

•  Device/User Related Issues 

1. Ensure users have proper writing tool. Writing with fingers or stylus is often de-
cided by the type of screens. For stylus input, the size of stylus would influence 
the posture of pen-holding and writing. For finger input, it should not be assumed 
that all users have long-enough nails or similar size of fingers to produce efficient 
handwriting.  

2. The required force for writing on screen surface should allow users write for a 
long time without serious fatigue. Participants found writing on K-Touch and LG 
KP500 very laborious since both requires high pressure on the screen. This usabili-
ty issue relates to the design or selection of touch-screens. Further study should be 
conducted to find out how big the force should be.  

3. Tracking speed should be fast enough to allow continuous writing experience. We 
found slow tracking speed not only lead to longer writing time, but also incurs  
errors. The recognizer sometimes misinterpreted this pause as a signal of accom-
plishment and started recognition, which will cause errors.  Miller (1968)  
suggested 0.1 second as the limit of response time for a system response to be per-
ceived as immediate and part of the mechanic action induced by the user. 

4.3   Conclusion and Limitations 

In this paper, we evaluated usability of mobile Chinese HWI applications of seven 
mobile phones. Based upon the results from expert inspection and usability testing, 
we finally identified 16 usability issues related to handwriting recognizers, input in-
terfaces, and devices/users. We expect this list of usability issues give mobile HWI 
designers a more integrated view of usability requirements from users and provide a 
handy reference to inspecting usability problems of a certain solution.  

The current study is in its nature exploratory, and is inadequate to give definite an-
swers to the identified issues. More strictly controlled experiment research in the  



392 Q. Gao et al. 

 

future are expected to provide elaborated and validated guidelines based on the 
framework of the current study. In particular, we found mobile HWI design guide-
lines for older people in great need due to the sheer volume of the Chinese grey popu-
lation and potential digital gap resulted from inaccessible informational product  
design. 
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Abstract. Designers nowadays consider themselves as the only experts to have 
conceptualized the everyday practice of the ordinary. They deal with design at a 
fantastic pace, with the aim of satisfying “public interest” instead of designing 
for individual users. For instance, with the reclaimed area of Hong Kong, which 
has been transformed into a public space dedicated to facilitate the vibrant 
transformation of Hong Kong into a world city, the government constantly set 
up strategies assuming a standardized user practice in order to achieve legisla-
tive approval for the project. Actually, the processes of conceptualization and 
standardization may not sufficiently summarize the specifications of everyday 
life. In other words, current ways of design based on public interest do not al-
ways meet what users actually want and need, since these design methods tend 
to identify all users as “average people” within standard dimensions. Neverthe-
less, what we are given every day is an everyday life that is not “banal and 
meaningless.” The acts of city users cannot be defined merely as mechanical or 
according to a stereotype. Although users’ reactions or responses to their living 
environments have been changed gradually with the urban transformation, their 
behaviours are not simply passive reactions or responses to space, but a kind of 
active reception in the creative acts or art performed by city users in the space. 
This research mainly elaborates on the “reception of space” in order to inspire 
design generations without a designer, and bring designers, planners, adminis-
trators, and government a perspective of user-oriented design. It includes an 
empirical study with intensive observations and direct interviews in Wan Chai 
North and South to review the importance of considering everyday life in de-
sign, based on users’ tactical and creative receptions of public living environ-
ments. The study then redefines the role of city users in the urban spaces in 
which they practice and exercise, and argues that users of urban space require 
that designs be more inclusive. 

Keywords: City Users, Everyday Space, Reception, User-oriented Design. 

1 Introduction 

When reviewing the urban development of Hong Kong, it is easy to notice that the 
government does not usually take the time to conduct serious research on what each 
city user needs. In addition, government designers and planners seldom observe the 
everyday practices of ordinary people and the degree of fitness between city users’ 
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needs and their living environments. In doing so, designers and planners dealing with 
“public interest” urban projects that are obviously based on economic-oriented design 
principles with profit in mind tend to carry out massive urban redevelopment strate-
gies that may swallow up or frustrate the everyday practice of ordinary people. More-
over, as “a land hungry place,” Hong Kong strongly relies on land reclamation  
approaches to provide inhabitable city space for people and maintain the city’s status 
as a world city in Asia. Unfortunately, the approaches to reclamation follow the plan-
ning principles of administrators who “accompany the deliberate forms of operational 
rationalism, and tend to neglect the human factor” (Lefebvre, 1996, p. 83). Rational 
planning emphasizes that the city should be developed under a comprehensive master 
plan that integrates scientific technology and quantitative analysis. On the face of it, 
urban diversity has been diminished by rational planners who identify all city users as 
“average people” in order to easily manage and control city spaces. Public spaces 
with restrictive standards cannot really fulfil the needs and preferences of the users. 
Obviously, urban planning design is completely different from product design for 
individual uses. When conducting urban projects, it is difficult to test the response of 
public space users in advance, and the users cannot simply select those products that 
they like and then dismiss the rest (Siu, 2003). Hence, urban design must define users’ 
responses to their everyday space so that designs and plans can be more inclusive and 
fitted. 

By adopting empirical studies related to the tactical living of users, this paper at-
tempts to argue that the creative acts or art of city users activates the self-motivation 
driven by their own needs and preferences for a better life and living environment. In 
other words, the sociology of everyday life gives us a new perspective to contemplate 
city users’ ways of operating and reveals that city users tactically fix unfit designs 
without using a designer. Actually, those who create designs for public users are not 
aware of the degree to which small, everyday practices can inspire design or innova-
tion. Hence, this paper aims to verify that city users are also competent to create self-
sufficient designs, and that the government should shift the passive role of city users 
to motivate design thinking during the design process. 

2 Reception of Space 

Most of the literature focuses on undertaking urban studies from a macroscopic point 
of view; studies seldom elaborate detailed research on the everyday lives of ordinary 
people. However, some sociologists and philosophers, including Michel de Certeau, 
Henri Lefebvre, and Michel Maffesoli, generally seek to excavate tactical living by 
looking at users’ everyday practices. They aim to prove that people do not strictly 
follow the orders imposed by the authorities when it comes to fulfilling the process of 
production in their lives. Also, according to Lefebvre (1991), everyday life should be 
“a work of art and the joy that man gives to himself”. Therefore, all individuals are 
living artists who understand “what is willed to them and what holds them intimately 
from the inside” (Leuilliot, 1977). Given this, the ways in which city users operate 
cannot be defined merely as unchanged customs and traditions. Their behaviours 
represent subjective emotional responses and individual interpretations of the space; 
thus, they exhibit active participation in the text of life rather than a passive reaction. 
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In The Practice of Everyday Life (1984), Michel de Certeau begins by studying city 
users. He substitutes the word “reception” for response, and describes reception as an 
“art”. This is similar to Cuddon (1998), who regards city users as “receptors,” mean-
ing: “the person (or group of persons) experiencing a work of art” (p. 733). By bor-
rowing the ideas of user reception, urban design theory considers space as a vessel 
that reflects many innovative acts that are not completely restricted by the city’s form. 
In short, users’ “reception of space” are the artistic activities and tactical living prac-
tices derived from the physical demands of life, rather than the rules of a space. 

Unlike widespread perception, which defines city users as passive recipients of 
space, the concept that they have a reception of space gives us a new perspective on 
city users’ creativity. This perspective must inspire further design generations in order 
to ensure that urban spaces are usable. Most of the time, the users play an active role 
by adopting designs to their own purposes, and attempt to change the design’s origi-
nal function and purpose in order to fulfil their “individual interest”. Therefore, to 
understand users’ “reception of space” requires us to base design on our observations 
and analyses of the “creative acts” or “art” of city users under current living environ-
ments and urban policies (de Certeau, 1984, p. 37; Hsia, 1993, p. 329). 

3 Methods of Study 

In order to better understand city users’ “reception of space”, the most practical 
method would be to see, listen, smell, touch, and sense the everyday life of city users 
without putting any obstructive change in their living environments (Siu 2009). 
Hence, field work will be carried out on selected case study sites in order to conduct 
an in-depth exploration of the objectives of the research. 

3.1 The Case of Wan Chai 

As a strategy of design research, a case study is effective for investigating different 
outcomes in the ambiguous urban space. As Merriam (1988) states, a “case study is 
an ideal design for understanding and interpreting observations of social phenomena” 
(p. 2) and “Case study is a design particularly suited to situations where it is impossi-
ble to separate the phenomenon’s variables from their context[s]” (p. 10). In order to 
get “real-life context,” this research has adopted unobtrusive observation to gain un-
derstanding of the ways in which city users interact with public urban space. This 
method can “cover events in real time and cover the context of an event” (Yin 1994, 
pp. 13, 18). 

In order to form an in-depth understanding of “reception of space” in terms of ur-
ban design and policy, this study selected Wan Chai as a case. Wan Chai is an ever-
transforming urban area located in Hong Kong Island. Its particularity stems from 
urban reclamations and multimodal living spaces that have resulted in a hybrid urban-
ism for this area and a clear demarcation between Wan Chai North (newer area) and 
South (older area) by a major road (Gloucester Road). This study is based on compar-
ing Wan Chai North to Wan Chai South, as different kinds of people interact with 
different types of public spaces in these areas. Such spaces include traditional market 
streets, main arterial roads, pedestrian bridges, and waterfront promenades. Meanwhile, 
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the comparative works also provide a view to prove that city users’ “reception of 
space” can generate extensive feedbacks to benefit urban design and sustainable de-
velopment. 

 

Fig. 1. Wan Chai with its north-south demarcation. The area north of Gloucester Road is often 
called Wan Chai North, and it is one of the busiest commercial areas in Hong Kong. It com-
prises business towers, hotels, spectacular buildings, and landmarks. The spaces in Wan Chai 
South are mixed-use, mostly involving ground floor retail shops and restaurants with residen-
tial, office, and other uses above. 

3.2 Observations and Interviews 

Observation is a good approach “of looking at action between people and their envi-
ronment” (Sanoff, 1992, p. 33), conducive to discovering “what goes on in the subcul-
ture or organizations being studied” and gaining “insight into their operation  
(especially hidden aspects not easily recognized) and how they function” (Berger, 
1998, p. 105). Nevertheless, field observations should focus on appropriate methods 
and objects of observation, in order to be effective (Rutledge, 1985). Sanoff (1992) 
further points out that “Observing unobtrusively allows the study of people’s behavior 
without their realizing that their activities are important” (p. 33). Thus, “unobtrusive 
direct observations” have been adopted in the studies to illustrate how city users inter-
act with their living environments and deal with public spaces and products. This 
study has produced a new set of methods for observing public spaces, which includes 
fixed-point continuous photo capture techniques within longitudinal studies. In addi-
tion, the direct interviews have been used to clarify the data collected in observations, 
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in order to assess not only “What have people done?” but also “Why have people 
done it?” (Berger, 1998, pp. 55–62). Thereby, the observation and interviews con-
ducted in this study can acquire a more genuine picture of users’ reception of public 
spaces. 

4 A New Perspective to See City Users’ Everyday Practices 

In this section, the arguments offer us valuable insight into how city users deal with 
public spaces and products, and indicate the disparity of users’ receptions of urban 
development and public use space in Wan Chai North and South. According to the 
empirical field studies, the authorities tend to attain a higher level of social order in 
the northern (newer) area of Wan Chai than in the southern (older) area. Thus, the 
government seeks authority through legislation to manage city spaces, and confine 
unwanted behaviours to Wan Chai South. Rational planning such as this leads to less 
participation of the individual user in public spaces, which also makes designs or 
products meaningless. In Wan Chai South, there is a high-degree of urban diversity 
that manifests how the city users exercise their living environment, although the con-
structed environment and urban facilities look old and timeworn. The people prefer to 
engage with the space without any restrictions, which on the other hand can give de-
sign its meaning, and can help researchers to discover design issues in a space by 
assessing the everyday practice of city users in that space. The nature of life motivates 
tactical behaviours that we never even dream of in design; this kind of user participa-
tion and tactics can be called an act of production. These acts can help us rethink what 
the public spaces provide people and thereby design products that fit users’ needs. 

4.1 Reception of Space in Wan Chai North 

Wan Chai North has a markedly mono-functional design of space compared to the 
southern area. The functions of its various spaces are clearly zoned and controlled by 
authorities and planners. For example, the areas between Convention Avenue and 
Gloucester Road are only zoned for office and commercial users. Thus, the area was 
composed of a number of free-standing single buildings. Each individual building was 
rationally and logically located in the area, with clear and conspicuous demarcations. 
Furthermore, open spaces have been designated in the form of playgrounds, parks, 
and gardens. However, the government and private owners impose different rules and 
restrictions on use of the space in order to prevent unacceptable behaviours and to 
maintain social order.  

Different types of people and activities are segregated in mono-functional zones. 
For example, the Golden Bauhinia Square (in proximity to Wan Chai Waterfront 
Promenade) only attracts tourists, and only permitted hawkers are allowed to do busi-
ness there. Furthermore, the trading areas and types of commodities have also been 
controlled by the administration: only paintings and photographs are approved to be 
sold. In addition, the administration is likely to more stringently impose regulations 
and take enforcement action to secure the “ideal” social order. Another example is  
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that, in order to construct a world city and provide inhabitable city spaces for people, 
the Hong Kong government has built many neat public spaces in Wan Chai North. 
However, people do not use these spaces because there are too many restrictions on 
their use. Some public facilities have merely been seen as public displays. As the 
administration emphasizes regulation and public order in this area, people only per-
form necessary activities, such as walking to another place, waiting for a bus, deliver-
ing mail, or smoking. Thus we see that designs with excessive controls and restric-
tions are at risk of being wasted spaces; they do not become functional spaces without 
user participation and practice. 

Table 1. The public space with many restrictions 

Dealing with Space Description Reception of Space 
In the public 
space of Northern 
Wan Chai, ordi-
nances and re-
strictions have 
been set up to 
secure ideal so-
cial order. 

There are no more 
responses and 
reactions between 
the users and envi-
ronment, which 
means the design is 
not given its proper 
meaning. 

Table 2. The public facilities with many constraints 

Dealing with Product Description Reception of Space 
The government 
has set up some 
constraints in order 
to eliminate the 
unwanted behav-
iours of sleeping or 
lying on benches. 

The public facility 
has become a 
public display 
rather than a com-
fortable product 
for people’s lei-
sure. 

4.2 Reception of Space in Wan Chai South 

In the Southern Wan Chai area, most of the spaces and buildings were developed and 
constructed in mixed-use patterns. Mixed-use developments contain a complementary  
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conglomeration of space usage, such as residential, retail, commercial, employment, 
civic, and entertainment spaces, in close proximity—sometimes in the same building. 
This leads to a high degree of pedestrian diversity and interaction.  Streets in Wan 
Chai South attract people mainly because of the diverse human activities that  
can be found there, rather than because they contain a “well-designed” landmark or 
sculpture.  

For instant, Cross Street and Tai Yuen Street, located between Queen’s Road East 
and Johnston Road, are typical open-air bazaars. They are not simply places where 
one can buy daily necessities, but also a favourite place for people to meet, gather, 
stroll, rest, and window-shop. In fact, both street markets have become a kind of ur-
ban facility that people engage with every day. As a facilitator and designer of the 
space, the stall owner provides the necessities of the urban facility, such as a chair for 
rest, a table for the storage of goods, and a handcart for carrying items, in order to 
make people more comfortable in the space.  

A high degree of pedestrian diversity can be found on these streets. Mixed-use 
spaces that attract a diverse cross-section of the population (for example, locals and 
tourists; women, children, and the elderly; students, workers, and businessmen) are 
more likely to be liveable and exciting. Due to the variety of functions possible in the 
space, public spaces are redefined sometimes as chatting places by older people, as 
activity places by performers, as demonstration places by protestors, and so on. For 
example, a public space near Johnston Road was designed originally for smoking and 
circulation. However, the city users produced another meaning and function of this 
space, which they exercised on Christmas Eve. At that time, a group of performers 
wearing Christmas caps converted the space into a theatre and sang Christmas carols 
to attract people for enjoyment.  

The use of Hennessy Road is another good example of how the city user’s “recep-
tion of space” is not always what the designer had planned. Originally, this street was 
used for vehicle traffic. In order to facilitate social democracy, the city users are al-
lowed to tactically deploy some slogans and facilities—that is, to protest. The use of 
this space for demonstrations thus redefined the functions of the street. Tolerance for 
diverse social activities in the southern Wan Chai area is higher than in the northern 
Wan Chai area. Hence, the city users may be seen as spatial producers, who aim to 
make up for the deficiencies of design and product when using spaces in Wan Chai 
South. 

As shown below, public facilities and products present all kinds of design mean-
ings and functions for people’s everyday lives. In short, innovation and generation of 
design should derive from the everyday practice of individual users in order for de-
signs to fit the users; users should play an active role in design to enhance the space’s 
meaning and function. 
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Table 3. Public Spaces in Another Function and Meaning 

Deal with Space Description Reception of 
Space 
 

In general, the 
street market 
provides some 
necessities for 
everyday life. 
However, it can 
be a public facil-
ity sometimes, as 
well, where old 
people can sit and 
rest. 

The stall 
owner, as a 
true spatial 
producer, 
understands 
the needs of 
users and has 
filled in de-
sign gaps and 
functional 
defects. 

The public space 
is actually de-
signed for meet-
ing and smoking. 
On Christmas 
Eve, this place 
became a theatre 
for singing 
Christmas carols. 

The city users 
present a 
strong sense 
of self-
motivation 
driven by the 
needs of 
everyday life. 

Normally, this 
street is a major 
road for circula-
tion. When it was 
time for the pro-
cession, the street 
was transformed 
into a place of 
demonstration. 

The creative 
acts and art of 
city users are 
able to rede-
fine design 
meaning, 
which can be 
called an act 
of production. 
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Table 4. Public Facilities in Another Function and Meaning 

Deal with Product Description Reception of Space 
 

At this bus stop in 
Wan Chai, many 
older people sit on 
the fire hydrant to 
have a rest while they 
wait for the bus. 

Different types of users 
compose urban diver-
sity and behavioural 
hybridity. The city 
users in Wan Chai 
South are good at 
creating living tactics 
to make public spaces 
and facilities fulfil 
their preferences and 
needs. Furthermore, 
the city users are not as 
banal as they are iden-
tified in northern Wan 
Chai. They have cre-
ated some unexpected 
acts of creation and 
transformation that 
designers and planners 
never considered.  

In Wan Chai South, 
railings are intended 
as a measure of 
safety, but people 
also sit and lie upon 
them. 

 

Originally, the traffic 
cone was placed on 
the road to temporar-
ily redirect traffic in 
a safe manner. How-
ever, the old man 
usually stores some-
thing in a traffic 
cone. 
 

5 Conclusion 

City users still play a passive role in the design process, since designers and planners 
are deemed to be the people who have the expertise to provide good city space and 
products for people. However, blindly relying on designers’ knowledge and responsi-
bility ignores the city user’s paramount role in the process of design interaction and 
communication. Therefore, I wonder whether designs could be improved without the 
expertise of designers. This paper suggests that we have to shift our attention from the 
designer and design to the individual user. This shift of attention aims to explore and 
understand the small practices of everyday life in order to inspire designers, planners, 
professionals, administrators, and governments to create more usable space. For ex-
ample, much of the designs mentioned above were redefined by the tactical  
behaviours of city users; given this, it makes sense that the users should be active 
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participants in the design process, as their life experiences and daily use of the space 
will inform gaps in the designer’s “expertise”. 

Urban transformation has also become a process that places city users in a passive 
role. The studies of this research illustrate that rational planning was used as an active 
force to segregate people and streets. The government set up many constraints and 
restrictions to control the city space. For instance, the authorities have imposed some 
organized public spaces in Wan Chai North with different limitations and ordinances 
in order to maintain social order. As a result, the design becomes a display, and loses 
its functional meaning for the everyday lives of potential users. Thus we see that de-
signs with excessive controls will create a negative “reception of space”, which can 
result in the generation of a soulless city. 

This paper provides us a user-oriented perspective. By perusing users’ reception of 
design in their everyday lives, the designer should respect and recognize the diversity 
of users’ needs and lifestyles in order to create more inclusive, usable designs. 
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Abstract. This study investigates the following two issues: (1) whether spatial 
ability is enhanced following design training; and (2) whether differing solution 
strategies are applied or generated following design training. Based on these is-
sues, we considered design and non-design groups to be independent variables, 
and spatial tests and solution strategies to be dependent variables. The study 
findings indicated that the spatial ability factors of spatial visualization and rela-
tion were influenced by design training, although the perceptual speed factor 
was not. In addition, the solution strategy analysis results showed that the holis-
tic solution strategies of the design group were applied more significantly than 
those of the non-design group, whereas the analytical solution strategies of the 
non-design group were employed more significantly than those of the design 
group. In other words, the participants in design group tended to employ holis-
tic solution strategies, whereas those in non-design group tended to adopt ana-
lytical strategies. 

Keywords: spatial ability, design training, solution strategies. 

1 Introduction 

Spatial ability is crucial in the field of design. Roth [1] asserted that in the design 
process, creative thinking, problem solving, and concept generation relate to spatial 
ability. In this context, numerous issues warrant attention within the body of research 
on spatial ability, such as whether  training can enhance spatial ability, whether solu-
tion strategies differ with varying spatial abilities, whether gender differences occur 
regarding spatial ability, how to effectively evaluate spatial ability, the influence that 
aging has on spatial ability, and whether the transfer effect exists in spatial ability. 
Among these varied topics, the effects of training have been extensively discussed, 
yet investigations of solution strategies are lacking. Thus, this study explored the 
influences that design training and solution strategies have on spatial ability. 

1.1 Spatial Ability and Training 

Numerous studies have asserted that spatial ability can be enhanced following train-
ing. For example, Lord  [2]  used a paper folding test to measure participants’ spa-
tial visualization ability. People with low spatial abilities were selected and split into 
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two groups. One group of participants underwent spatial visualization training and 
testing for 12 weeks, and the other group did not. The results indicated that the group 
that completed the spatial visualization training showed greater achievements on their 
spatial tests compared to the group that did not participate. Thus, Lord contended that 
spatial visualization abilities can be enhanced through training. However, although 
training enhances spatial ability, whether this training influences trainees’ profession-
al performance remains to be determined. Wanzel, Hamstra, Anastakis, Matsumoto, 
and Cusimano [3] investigated the relationship between surgical procedures and visu-
al-spatial ability. Their results indicated that mental rotations tests (MRTs) were re-
lated to learning spatially complex surgical procedures. Resident physicians with high 
mental rotation abilities exhibited superior machine operation performance scores. 
Nevertheless, the test scores of physicians with low rotation abilities significantly 
improved following mental rotation training and feedback, and no differences were 
observed compared to the physicians in the high mental rotation group when perform-
ing a two-flap Z-plasty surgery. Wanzel et al. further asserted that surgeons who 
achieve high spatial scores through training or practice can transfer their spatial abili-
ties to new tasks after training. They believed that spatial abilities have transferable 
effects following training. This effect refers to acquired spatial abilities that can be 
converted into task performance related to spatial topics. 

Cherney [4] found that computer game training enhances spatial abilities. The par-
ticipants in that study were split into two training groups (massed and distributed) to 
complete controlled computer game training. The overall training time was identical 
for all participants. The study results showed that the participants’ scores for the Van-
denberg and Kuse Mental Rotation Test (VMRT) and Card Rotation Test (CRT)  
differed before and after training; specifically, the participants’ mental rotation per-
formance significantly improved following training. Further investigations indicated 
that the degree of mental rotation testing improvement in the massed training group 
was superior to that of the distributed training group. In other words, massed training 
methods were more effective for improving spatial ability. 

Although many studies have reported that spatial ability is enhanced by training, a 
number of studies do not support this notion. For example, in studies relating to appa-
rel design, no training programs or curricula have been proved to improve perfor-
mance on spatial visualization tests. Workman, Caldwell, and Kallal [5] investigated 
the relationship between spatial ability and apparel design. In their experiment, they 
considered training to be the independent variable, and the Apparel Spatial Visualiza-
tion Test (ASVT) and Differential Aptitude Test-Space Relations (DATSR) scores to 
be the dependent variables. The experiment results indicated that the ASVT scores of 
the training program or curriculum participants significantly exceed those of the par-
ticipants with no training, although no differences were observed between the 
DATSR scores of the trained and non-trained participants. These findings suggested 
that although training influences professional performance, professional training does 
not influence spatial ability performance. In addition, the researchers found that 
DATSR and ASVT were unrelated, which indicates that spatial ability tests cannot 
predict the professional performance of apparel design. 

A consensus regarding spatial ability and training has yet to be reached in relevant 
studies. Some studies have asserted that training enhances spatial abilities, although 
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others have not achieved the same results. Therefore, further discussion of whether 
design training enhances spatial abilities is necessary. 

1.2 Spatial Abilities and Solution Strategies  

Solution strategies influence spatial test scores. Different people use different solution 
strategies to solve the same problem [6]. Studies of solution strategies are scarce, 
mainly because solution strategies are difficult to assess or estimate. Currently, nu-
merous methods are used to assess participants’ solution strategies; the most com-
monly employed is the introspective method. This method involves the participants 
describing their conscious experiences. These descriptions are then used to determine 
the psychological processes participants undergo during spatial testing. Other me-
thods used to explore solution strategies include response times and eye movement 
tracking and analysis. 

Snow [7] collected introspective reports from numerous people who completed a 
paper folding test. Snow found that the first action performed by the participants was 
item or topic analysis, which included analyzing the contours, angles, symmetry and 
other characteristics of the patterns or figures. The participants reported that they 
extracted pattern characteristics, used matching or pairing strategies, or employed 
elimination strategies to disregard incorrect options. Finally, some participants stated 
that elimination was an alternative strategy when no solutions were produced after 
applying matching or pairing strategies. 

In the context of research on spatial strategy applications, Workman and Lee [8] 
investigated whether changes, as well as the cultural differences in these changes, 
existed between spatial and professional abilities before and after apparel design les-
sons or classes. They conducted retrospective interviews and instructed the partici-
pants to recall the strategies they applied when answering questions. Their findings 
indicated that the participants’ spatial and professional abilities after attending lessons 
for one semester were significantly superior to their previous abilities. Additionally, 
their results did not show cultural differences. The participants applied seven strate-
gies, that is, stimulus analysis, extraction of a landmark, matching, elimination, 
checking, relying on expectations based on prior knowledge, and guessing. 

Meanwhile, other studies have divided solution strategies for spatial testing into 
holistic and analytical strategies [9]. Tzurial and Egozi [10] further investigated the 
relationship between holistic and analytical strategies and mental rotation abilities. 
Their results indicated that children with high mental rotation abilities tended to apply 
holistic strategies. They also found that boys and girls applied different strategies. 
Most boys used holistic strategies, whereas most girls employed analytical strategies. 
Tzurial and Egozi contended that holistic strategies were comparatively more effec-
tive for solving mental rotation tasks compared to analytical strategies. This implies 
that the use of different strategies may be one reason for the spatial ability differences 
between boys and girls. 

However, whether these strategies can be generalized for other tests, that is, 
whether the strategies employed for spatial tests are used in other tests, remains to be 
determined. Janssen and Geiser [11] investigated the relationship between strategies 
and two spatial tests. Their findings indicated that participants who tended to apply 
analytical strategies to Test A also applied the same strategies to Test B. Thus, we can 
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infer that strategies can be generalized to other spatial tests. In addition, findings have 
shown that more women apply analytical strategies to MRTs compared to men, and 
that the solution efficiency of men exceeds or is more rapid than that of women. 

2 Methodology 

Numerous studies have found that spatial abilities are improved through training, and 
the majority of these studies have adopted mental rotation as their spatial ability test. 
However, mental rotation is only one aspect of spatial ability. Therefore, it is neces-
sary to more comprehensively measure spatial ability, so as to determine which as-
pects or factors of spatial ability are improved through training. Moreover, solution 
strategies are among the key factors that generate spatial ability differences. Whether 
design training changes the application of strategies remains to be determined. Con-
sequently, this study established the following two objectives: (1) to analyze whether 
spatial ability differences exist between design and non-design groups, and to identify 
the spatial factors in which differences occur if they do exist; and (2) to analyze 
whether solution strategy application differences exist between the design and non-
design groups using a retrospective questionnaire survey. 

2.1 Participants 

A total of 72 participants were recruited and evenly allocated to a design group and a 
non-design group. The design department participants were students from the De-
partment of Industrial Design at National Kaohsiung Normal University. The non-
design department students were students from the Department of Education, De-
partment of Optoelectronics and Communication Engineering, and the Industrial 
Technology Education Department. The participants ranged between 18 and 25 years 
of age. 

2.2 Material 

Regarding spatial tests and based on the perspectives of Carroll [12] and Miyake, 
Friedman, Rettinger, Shah, and Hegarty [13], three spatial ability factors and the  
tests commonly employed for these factors, were selected. These factors comprised 
spatial visualization, spatial relation, and perceptual speed. For spatial visualization, 
the VMRT and cube comparison test (CCT) were adopted; for spatial relation, the 
CRT was employed; and for perceptual speed, the hidden pattern test (HPT) was  
applied. 

The spatial solution strategies were based on those proposed by Moè, Meneghetti, 
and Cadinu [14]. Following the completion of the MRT, the participants were  
instructed to complete a strategy-item questionnaire survey. The questionnaire com-
prised four holistic and two analytical items. The participants completed the question-
naire according to the strategies used for the MRT, with a score of 1 representing the 
weakest use of a strategy and 7 representing the strongest use of a strategy.  
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2.3 Procedures 

The participants completed the spatial tests in a quiet environment in small groups of 
three to eight people. The tests were conducted in a paper format, and before each test 
began, two examples were provided for practice. Formal testing was employed fol-
lowing the confirmation of participants’ understanding of how to complete the test. 
The solution strategy questionnaires were provided to the participants after the spatial 
tests. The participants completed the questionnaires based on the solution methods 
used for the MRT. 

3 Results 

The descriptive statistics for participant performance on the four spatial ability tests 
are tabulated in Table 1. To further assess whether design training influenced spatial 
ability performance, and to identify the spatial ability factors that were influenced, 
independent sample t tests were conducted to compare performance differences on the 
four spatial tests between the design and non-design groups. 

Table 1. Descriptive statistics for the four spatial tests 

 Range Mean SD 

MRT 1-13 6.94 2.41 

CCT 6-20 12.83 2.96 

CRT 36-147 86.73 22.67 

HPT 32-182 130.93 24.92 

Regarding mental rotation, the t test results indicated that t (70) = 4.82, p < .01. 
Based on calculations of the mean, the design group scored 8.13 and the non-design 
group scored 5.75. This suggests that the MRT performance of the design group was 
significantly superior to that of the non-design group. Regarding cube comparison, the 
t test results indicated that t (70) = 5.35, p < .01. The mean score for the design group 
was 14.41, and 11.25 for the non-design group. This suggests that the CCT perfor-
mance of the design group was significantly superior to that of the non-design group. 
For card rotation, the t test results indicated that t (70) = 2.41, p < .05. According to 
mean calculations, the design group scored 92.97 and the non-design group scored 
80.50. This demonstrates that the CRT performance of the design group was signifi-
cantly superior to that of the non-design group. Finally, regarding hidden patterns, the 
t test results indicated that t (70) = 1.86, p = .07. These results did not achieve signi-
ficance. This indicates that the HPT performance of the design and non-design groups 
were similar. 

For solution strategies, t tests were also conducted to compare the holistic and ana-
lytical item scores of the design and non-design groups. Regarding the holistic items, 
the scores for the four items were summed and divided by four to obtain an overall 
holistic item score. Subsequently, the differences between the scores for the design 
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and non-design groups were compared. The t test results indicated that t (70) = 7.97, p 
< .01. The design group mean score was 3.80 and that for the non-design group was 
2.86. This suggests that participants in the design group applied holistic strategies at a 
higher rate during spatial testing compared to those in the non-design group. Regard-
ing the analytical items, the scores for the two items were summed and divided by 
two to obtain the overall analytical score. Subsequently, t tests were conducted to 
determine whether differences existed between the analytical strategies employed by 
the design and non-design groups. The results indicated that t (70) = -6.14, p < .01. 
Based on calculations of the mean, the design group scored 2.62 and the non-design 
group scored 3.78. This suggests that participants in the non-design group applied 
analytical strategies at a higher rate during spatial testing compared to those in the 
design group. 

Based on the Pearson product-moment correlation test results, mental rotation abil-
ities were positively correlated to the holistic items (r = .40) and negatively correlated 
to the analytical items (r = -.37). This suggests that higher mental rotation scores were 
obtained with higher holistic item scores. Conversely, lower mental rotation scores 
were obtained with higher analytical item scores. 

4 Conclusion 

In this study, we investigated whether spatial abilities increased following design 
training, whether different solution strategies are applied after design training, and 
explored the relationship between holistic and analytical strategies and spatial test 
performance. Thus, we considered the design and non-design groups independent 
variables, and considered the four spatial tests and solution strategies dependent va-
riables. The results indicated that the design group’s mental rotation, cube compari-
son, and card rotation performances significantly exceed those of the non-design 
group. The MRT and CCT corresponded to the spatial visualization factor, and the 
CRT corresponded to the spatial relation factor. Consequently, the spatial ability fac-
tors of spatial visualization and relation are influenced by design training, although 
perceptual speed is not affected. In addition, we found that the design group tended to 
apply holistic strategies, whereas the non-design group tended to apply analytical 
strategies. Further investigation of the relationship between holistic and analytical 
strategies and mental rotation scores showed that the MRT was positively correlated 
to holistic strategies and negatively correlated to analytical strategies. In other words, 
solution strategies influence spatial test performance. 
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Abstract. The outgoing of migrant workers from China rural areas brings many 
negative impacts upon their stay-at-home children, most of which are relevant 
to lack of family love and emotional connections. This joint project of Tsinghua 
University Design & Human Factors Lab and Nokia Research Center Beijing 
aims at investigating the daily lives of and interactions between the migrant 
workers in cities and their children staying at rural homes, and inventing some 
conceptual solutions to help them to treat this sort of problems. “DreamSeed”, 
“WeMoment” and “LinkBoard” are just three conceptual solutions generated in 
this joint project, which attempt to contribute to promoting the emotional 
connections of migrant workers with their families, especially their children at 
rural home.  

Keywords: migrant workers, stay-at-home children, emotional connection, user 
research, service design. 

1 Introduction 

According to National Bureau of Statistics of China, by 2011, there are around 252.78 
million migrant workers in China, and 158.63 million of them work far away from 
their homes and families. [1] This results in 58 million stay-at-home children in their 
rural homes, and around 40 million of whom are schoolers under 14 years old. [2] 

The outgoing of parent migrant workers brings their stay-at-home children many 
negative impacts on study and lives, and most of which are related to kinship 
indifference and shortage of affective connections with their parents. This can be 
illustrated from some previous research, such as Fang Fan, Xiaoyan Shen, Cen Wu, 
Helong Zhang, Jingzhong Ye and Yunsheng Lao etc. [3, 4, 5] 

In the view of above questions, the Lab of Design & Human Factors at Academy 
of Arts & Design, Tsinghua University and Nokia Research Center Beijing had set up 
a joint project in 2011, to mainly research into needs of outgoing migrant workers’ 
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2.2 Research Methods 

In the early stage of this project, we followed Human-Centered Design principles and 
User Value Innovation Theory [7, 8].  We assembled a multidiscipline research team 
of nine members, including a professor, a lab staff member, two graduate students, 
and five undergraduate students. The following are general descriptions about the 
methods we employed when conducting the background research and the ethnography 
studies. 

Background and Desktop Study. The literature review and desktop study were 
conducted for the second hand achievement about migrant workers and their affective 
links with their family member at home (especially their stay-at-home children). From 
the review, we found out that the phone calls are the major communication means for 
their connections, only a quarter stay-at-home children call their parents working at 
cities once a week, and sixty percent of them call once a month; a half of them talk 
less than 3 minutes per call, and only twenty percent of them talk longer than 5 
minutes. The contents of their talking are just children’s learning, diet, health, safety, 
following the guardian’s words, following teachers’ words and some daily lives in the 
order of frequency priority. Generally, what the parents most care are learning 
performance and safety of their children, as well as whether they obey their guardian, 
but the children most care their parents’ health status. [8] The effect of emotional 
communication between the parents and their stay-at-home children is not satisfying, 
and reasons are concluded below: [9] 

(1) Migrant workers could not understand stay-at-home children due to 
spending too little time with them;  

(2) Communication between stay-at-home children and their outgoing parents 
deviates a normal life situation;  

(3) Phone call could not fully express their feelings, not only because the time 
of calling is too short, but the talking contents are repetitive as well;  

(4) Migrant workers and their children also lack communicative skills to 
exchange their feelings only though a phone call; 

(5) Migrant workers care too much about their children’s learning performance, 
which easily triggers tension relationship between them.  

From the literature review, it is obvious that children staying at rural home only 
depend on phone calls to communicate with their parents working in cities, which are 
both expensive and difficult to reach the effect of emotional exchange. Thus, it is 
extremely imperative to seek more natural and harmonious ways of their emotional 
communications. 

Field Observation. The field observation we conducted has two steps: research on 
migrant workers in cities for status quo and needs of their emotional connections with 
their family members at rural home, and investigation on their rural home members, 
especially their say-at-home children, to understand their daily lives, the status quo 
and potential needs of their emotional connections with their migrant parents working 
far away their homes. Based on the findings from this two aspects investigations 
above, we concluded the design opportunities.  
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Sample Users. The samples for these two steps are different. In the first step, we 
interviewed and observed 9 migrant workers (6 males and 3 females with ages from 
20 to 40) working in Beijing with their children staying at rural homes.  And their 
stay-at-home children in rural areas age from 1 to 15 years old. The occupations of 
the migrant workers investigated in the first step are cooks, public security staff 
members, assembling workers, gatehouse watchers, cleaning attendants and 
practitioners in food processing industry.  

In the second step, our researchers went to the rural homes of the migrant workers 
investigated in the first step to talk to their family members, and especially their stay-
at-home children. We totally visited 7 left-behind families distributed different places 
of Hebei province in the north of China, and Hunan province in the middle south of 
China. Most of the families we visited are consist of wives and children left-behind, 
and in some families have only grandparents with the children. The children’s ages of 
these families are from 5 months to 16 years old.  

Research Methods. We employed user research methods including user in-depth 
interviewing, field video ethnography, and street intercept interviewing. In the first 
step, we interviewed 9 migrant workers in city of Beijing, and recorded the interviews 
and their working and living environments. We also shadowed, observed and 
videotaped their daily lives and working periods. The first research step totally lasted 
three weeks. Six research team members were divided into three groups with two 
members in each. The purposes of the investigation we proposed are consist of three 
parts: for understanding the basic lives of city migrant workers, for understanding 
their basic communication status, and for understanding their emotional connections 
with their family members in rural homes.  

In the second step, we still used the in-depth interview and field observation 
methods, but what we interviewed and tour are the rural homes and family members 
of the migrant workers who were working in the city. We observed and videotaped 
the left-behind home environments and their daily lives. The purposes of the second 
step is to find the left-behind families’, particularly stay-at-home children’s status quo 
and needs in their emotional connections with their migrant worker parents. In this 
step, we also divided our six team members into 3 groups and assigned them to visit 7 
families distributed at Yiyang in Hunan province and Rongcheng county and Baoding 
city in Hebei province respectively. The visits and observations lasted two weeks. The 
contents of investigation are similar to the first step, about basic daily lives and basic 
communication status quo, as well as their emotional connections with their outgoing 
parents.  

2.3 Research Results 

After these two kinds of researches above, desktop study and field observation, each 
group had conducted comprehensive analysis respectively, then each group briefed 
and presented researches and observation to get empathy of whole team members. 
And finally the whole team members discussed together and concluded 11 key 
findings below (Table 1).  
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Table 1. Key findings with migrant workers and their families 

Basic life style of migrant 
workers and their family 
members 

(A) Migrant workers and their families prefer face to 
face communication. 

(B) Migrant workers most concern their stay-at-home 
children’s education issues. 

(C) Most migrant workers and their families use mobile 
phone as fixed-line, some family members share one 
mobile phone and/or the same SIM card. 

Affective needs of outgoing 
migrant workers and their 
stay-at-home family members 

(D) Migrant workers have a strong emotional reliance 
on their family members, their most mobile phone 
wallpapers are photos of their family members, 
some elderly extremely appreciate paper photos of 
their children outgoing. 

(E) Stay-at-home children feel strongly solitary, though 
most with their grandparents or relatives. 

(F) Migrant workers hope to timely know the current 
situation of their family members at rural country. 

Communication needs of 
migrant workers and their 
stay-at-home family members 

(G) Migrant workers and their families have emergent 
need of video calls. 

(H) Migrant workers and their families are extremely 
sensitive to communication expenses. 

( I ) Stay-at-home elderly and children have obstacles 
with complicated functions and features of the 
communication devices.

(J) Migrant workers and their families care much about 
the brands of communication devices. 

(K) Most migrant workers do not actively seek new 
application services for mobile phones. 

2.4 Workshop 

According to the 11 key findings above, our research team brainstormed some seed 
concept ideas, which would be as triggers for brainstorming session of the workshop 
conducted in the Nokia Research Center in Beijing.  

Totally more than 28 people participated in the workshop, 8 our research team 
members, 8 from another parallel research team of Tsinghua University Academy of 
Arts & Design, and 12 from the GUE (Growth market User Experience) and other 
groups, including technique departments, of Nokia Research Center Beijing.  

In this multidiscipline participated workshop, our research team presented user 
research process and research results, as well as the trigger ideas. Then, we divided 
the participants into 7 groups to evaluate and improve the seed ideas and brainstorm 
new ideas after a coffee break. Finally, each group presented the new ideas generated 
during the brainstorming session.  
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2.5 Concept Review 

Our project team polished the concept ideas generated in the workshop. Then we 
conducted return interviewing with the migrant workers and street interception 
interviewing with stay-at-home children. The research team was still divided into 
three groups, and each group was consist of two researchers.  

We firstly interviewed the migrant workers working in city of Beijing who had 
been interviewed in the early stage. One researcher presented the interviewees the 
printed scenario of each concept ideas, and the other researcher asked questions with 
interviewing outline.  

For the interview with stay-at-home children, we used street interception method, 
as it was too hard to return to the families of migrant workers who accepted our early 
stage interview, and we would like to try some fresh air as well. So we let each group 
to go to some villages in City of Beijing, the migrant workers lived in, and interview 
each child they met, who fortunately paid a very short visit to their parents from their 
rural home during the summer vacation.  

Both the interviews with migrant workers and visiting stay-at-home children 
provided us very positive responses, though they suggested some small improvements 
as well. The next section will present the improved concept solutions with some 
discussions for each of them.  

3 Concepts and Discussions 

After the workshop and street interception concept review, we got the final concept 
solutions: “DreamSeed”, “WeMoment” and “LinkBoard”. In the following text, we 
will present and discuss each of them. 

DreamSeed. DeamSeed is a concept with a smart phone app for outgoing migrant 
worker parents and a device for their stay-at-home children, which will promote them 
to communicate in daily lives through planting a virtual tree together.  

When the migrant workers who work far away from their homes purchase a smart 
phone, they also get free a device called DreamSeed for their children staying at rural 
homes. With DreamSeed terminal and app software, the stay-at-home children and 
their migrant worker parents can plant and cultivate a virtual tree together. The stay-
at-home children need to take care of the tree every day, otherwise the tree will be 
becoming withered and declined. The parents can watch the growth situations of the 
tree their children take care of, deliver directions for their children how to cultivate 
the tree, and even help grow the tree if the weather keeps bad in their rural homes the 
children live in. (Fig. 3) 

The children love to take care of the tree, because it is the one their parents give 
them. Generally, the time the tree grows up and bares fruits is the same time as their 
parents come back home, and they can get extra gifts from their parents for their 
efforts to take good care of the tree. (Fig. 4) 

The water and sunshine are natural resources provided according to the weather 
situation of the places the children live in. However, the fertilizer and other substance  
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such as pesticide have to be bought by the children using point coins, which need to 
be earned through good learning performance, some daily life chores, performance of 
obeying grandparents or other guardians, and so on.   

 

Fig. 3. The child and the mother taking care of the tree respectively  

Fig. 4. The time tree grow up is the same time as parents return home 

At early stage, we found from literature review that spending little time together, 
relying only on very short call communication, lacking communicative skills, are the 
reasons to cause the emotional indifference of the stay-at-home children. The migrant 
workers’ too caring about the children’s learning in the short phone call is easily 
trigger tensional relationship between them.  

DeamSeed could solve the above problems of stay-at-home children in primary 
school to some extent. And it could also reduce the outgoing parents’ concerns about 
their children’s learning (key finding B), and their children’s strong solitary at rural 
homes (key finding E).  

The concept of DreamSeed can be adapted in actual applications. The app in the 
parents’ smart phones may fixed into the hardware for reducing phone cost, though 
nowadays the price of smart phone is getting decreased. Also the device for the 
children may be integrated into their electronic learning tools in the future. 
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WeMoment. WeMoment is a concept of system which integrate a terminal device 
with TV set at rural home and cell phone with outgoing migrant workers.  

WeMoment terminals are also free for outgoing migrant workers when they buy 
cell phones from special stores. The terminal is consist of two parts: body and base. 
The terminal body can be carried-on by stay-at-home children for sound recording 
and photo taking. The terminal base with SIM card built-in can send and receive files 
of sound and image, and can be connected to TV set. On the base there is a quickcall 
key for the children to talk to their migrant worker parents easily. (Fig. 5) 

 

Fig. 5. The working model of WeMoment 

The stay-at-home children can take the body around and record their daily lives or 
anything they may think to need to share with their parents. Later, they can connected 
the body to the base and send the recording to their parents’ cell phone. On the other 
hand, the outgoing parents of migrant workers can send their photos and sound to the 
base, and their children and other family members such as grandparents can share 
them on TV set. (Fig. 6) 

 
Fig. 6. The scenarios of WeMoment application 

Therefore, this solution of WeMoment can help migrant workers and their stay-at-
home families, especially the children, share some “significant moments” far away 
from the following points: 

(a) It can meet the migrant workers’ emotional dependence to their families 
at rural area, and let them know status quo of their family members in 
time. (key finding D) 

(b) It allows the stay-at-home children easily communicating with their far 
away parents, which will much relieve their intense feeling of loneliness. 
(key finding E) 
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(c) It allows outgoing migrant workers timely know family members’ 
especially stay-at-home children’s living conditions, to meet their need 
of knowing lives of their families. (key finding F) 

(d) The features of the terminal devices are simple and concise, the 
interfaces will be very clean and easy to operate, in order to avoid the 
operating barriers of the children and the elderly. (key finding I) 

Furthermore, WeMoment may help migrant workers’ families to adjust family 
atmosphere, optimize their spiritual lives, and improve the quality of their lives. 

LinkBoard. The concept of LinkBoard is a software application of message board which 
can link migrant workers and teachers of the school their stay-at-home children study in.  

The application system has PC client for the school teachers and phone client for 
the migrant workers who work far away in cities. The PC end can disseminate course 
plan, children’s learning performance and announcement of parents meeting etc. The 
phone ends of migrant worker parents can receive and send the messages as well. The 
parents can use the app to interact with school teachers if necessary, such as check 
and sign their children’s performance, and some important notices. (Fig. 7) 

 
Fig. 7. Some Scenarios of LinkBoard application 

This concept solution can effectively relieve the migrant worker parents’ concerns 
about their stay-at-home children learning (key finding B), and then the tensional 
relationship between them we mentioned in the literature review.  

4 Conclusion 

This joint research project between Tsinghua University and Nokia Research Center 
Beijing aims at revealing the needs, desires and problems of outgoing migrant 
workers and their stay-at-home children in their emotional communications, and then 
putting forward relevant concept solutions to lay a foundation for further product and 
service development. In the early stage, we employed the research methods of in-
depth interviewing, field observation, video ethnography and street interception. The 
interview outline had been used to ensure the validation of data. Videotaping and 
photography had been conducted for the significant events, home environments and 
typical daily life situations. The street interception interviewing was just for testing 
the concept solutions in the later stage, and its purpose was to avoid deviation and 
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invalidation of the data in the return interviewing due to the researchers’ being 
acquainted with the interviewees interviewed by the researchers in the early stage.  

The development of information technology, maturity of three-in-one network and 
decrease of communication charges will be much more increasing our concepts 
feasibility. For example, three-in-one network will much more simplify the operating 
procedure of the concepts, using cost deduction will let migrant workers and their 
families can afford more video files transmission, and so on. In the near future, these 
concept solutions can be expended and used for other target user groups as well. 
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Abstract. This study explores on emotion and perception of teacups in subject 
teams of sighted people and blind people through the tactile sense. Two subject 
teams are arranged individually to touch the teacups one by one separated by 
curtains in a room. After observing and investigating, PAD emotion scale will 
be applied to evaluate emotion of participants. The researcher explores whether 
haptic sense effect is produced from participants' tactual behavior with one set 
teacup. The finding is shown that: (1). The emotional effects of the blind sub-
jects are more extreme than the sighted subjects in pleasure and arousal dimen-
sions; (2). A teacup with oblique relief texture can make the unsighted subjects 
more pleasure emotions; (3). A straight line makes the blind subjects more un-
certainty feelings and result in a negative emotional state; (4). Compare to the 
unsighted subjects, there is only a little difference between positive and nega-
tive emotion in the pleasure state of sighted subjects. 

Keywords: Haptic, PAD scale, Emotion. 

1 Introduction 

Human being received most of 80% information and messages through sight [5].  
That is the reason why researchers have taken much more time and energy devoting 
to the study of picture perception in vision than in touch [15]. However, affective 
expression of people is naturally communicated by multiple body sense organs [6]. 
Differently, the blind must contact everything from tactile and hearing sense. Recent-
ly, some researchers have represented that distinct emotions such as anger, fear, hap-
piness, sympathy, love, and gratitude can be formed by touching communicating [9]. 
Moreover, the emotions communicated by haptic is commensurate to facial and vocal 
displays of emotion [10]. It is known that the blind will be more sensitive than sighted 
people caused by their impaired vision that resulting in penetrative tactile of hands. 
That is, to survey the tactile actions of blind people seems to infer their state of emo-
tion and perception. 

In this paper, we engaged in participant-observation to observe and record beha-
viors of subjects on touching with the teacups. Then we measure emotion and percep-
tion of the tactile sense by using PAD model, validate PAD theory’s correctness and 
applicability in haptic area and verify its feasibility.  
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The experiment is designed to collect mainly PAD data following the guidance of 
original M-R (Mehrabia-Russell, 1974) model [16], traditional Chinese version [11]. 
Then, we also divide tactile emotion into eight spaces (+/-pleasure, +/-arousal, +/-
dominance) based on Mehrabia’s model [8] and built a PAD data set. 

The object of this paper is trying (1) to explore the emotional difference between the 
unsighted and sighted people through touch “Persona Teacup”; (2) to compare the differ-
ence of affective fusion between the unsighted and sighted people with PAD scale. The 
paper is organized as follows. Section 2 reviews the related literatures on haptic sense, 
the blind, and PAD model. Section 3 describes the case study of tactile experiment. Sec-
tion 4 presents experimental results, and Section 5 concludes the paper. 

2 Literature Survey 

This section first reviews related literatures of haptic sense of the blind, then, intro-
duces the features of PAD model that may be applied to questionnaire design, then; 
the tools of PAD scale are applied to evaluate the tactile experiment of two subject 
teams. Finally, statistical analysis will do with the experimental data and be discussed. 

2.1 Haptic Sense of the Blind 

Previous many approaches have been explored to discuss the tactile sense of the 
blind, for instance, whether subjects touch graph in single hand then draw down graph 
or express the name of the graph after touching, acquired unsighted people is better 
than innate unsighted people[1]. Moreover, graphic experience of innate unsighted 
people shaped from haptic experience. When congenital unsighted people want to 
form specific graph experience, they must realize absolutely the size and range to the 
object, while the object which is touched should be similar to real entity [7].  

An important research of human factor named “two-point threshold” show that the 
near fingers’ tip is, the smaller the value of two-point threshold is, it means that the 
sensitivities of fingertips are more intense than other parts of hands [20]. For correct 
relationship of tactile exploring strategy and shape matching, another early study from 
[12] concluded five exploring strategy including： (1) thoroughness; (2) tracing; (3) 
feature comparison; (4) congruent perimeter comparison; (5) mirror-image perimeter 
tracing. Another study pointed out three limitations of the tactile cognition and recog-
nition of the blind: (1) experience and style; (2) haptic modes; (3) influence of the 
environment each other [2].  

In an experiment on observation named sensitive about index fingers, the visually 
impaired subjects and sighted subjects but are blindfolded can be noticed that all of 
them touch the surface on an object by the tip of fingers [15]. The visually impaired 
subjects usually catch enough information more effectively to construct a mind map 
by a pair of hands. Nevertheless, sighted subjects used to touch icon or relief by one 
hand or a finger resulted from aid of memory in mind, even if they are blindfolded 
[18]. 
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2.2 PAD Model 

PAD emotional model was established by Albert Mehrabian and James A. Russell in 
1974, and then some studies took it to be a measurable tool for peoples’ emotion.  
The PAD emotional model was regarded as more effective in evaluating emotional 
responses of subjects than others [8].  

To conduct the PAD model approach, some researchers can measure emotional 
tendencies and affective states along three dimensions: pleasure vs. displeasure, 
arousal vs. non-arousal and dominance vs. submissiveness. According to three dimen-
sions of PAD scale, Lang [13] developed “SAM” (Self-Assessment Manikin) scale 
uses emotional keywords of PAD are replaced by five icons within SAM. The evalua-
tion method is that after subjects watch every stimulant material, then, to choose an 
icon which is matched subjects’ emotion. Based on SAM, Desmet [4] built another 
dynamic icon system to supersede still icons named “PrEmo” scale. In “PrEmo” 
scale, seven negative mood icons at the left, while seven positive mood icons at right 
and stimulant on the corner of left. 

Li [14] announced the simple Chinese version of PAD (SCP) emotional scale, which 
is composed of adjectives of 12 couples, decreased from 18. However, Hsieh [11] argued 
that there was no satisfactory on reliability and validity when PAD scale was transferred 
to SCP. The SCP with well reliability and validity in “pleasure” and suitable reliability 
and validity in “arousal”, whereas without enough value in “Dominance”. 

3 Research Design 

This section represents the methods that adopted in this case study. The sixteen sub-
jects touch the teacups individually one by one in order. The experimental data are 
collected and analyzed by an applied statistics.  

 

Fig. 1. Research Flowchart 



 Affective Fusion of PAD Model-Based Tactile Sense: A Case Study of Teacups 423 

 

3.1 Research Flowchart 

The main goal of this study is to explore the emotion and cognition of tactile sense 
generated through the blind and non-blind participants’ touching with two sets of 
teacups. We do with the PAD questionnaire interviews of participants. They are asked  
individually to describe and explain how they feel as detailed as possible. Finally, 
researchers integrate data to run statistical program and analyze the result to summar-
ize the study. The research flowchart is shown by Figure 1. 

3.2 Stimuli and Design 

Four teacups of one set named “Persona Teacups” (in Chinese:異同杯) are selected 
from brand JIA to be our stimuli materials. Although “Persona Teacups” whole set is 
all made by porcelains and same compendium in shape, they are quite out of diver-
gence in decorative design with different low relief textures on their bodies. There-
fore, we call the teacups basing on their textures to be: A-Circle Dot; B-Straight Line; 
C-Square Dot; D- Oblique Line. To handle experiment smoothly and avoid the visual 
interference, we separate four teacups to put in independent boxes and cover top only 
retain front transparent for taking pictures. The “Persona Teacups” and their relief 
textures are shown by Figure 2. 

 

Fig. 2. “Persona Teacups” and Their Relief Textures 

3.3 Subject Teams 

Sixteen subjects (eight blind people) volunteered to take part in the experiment. Age 
ranged from 20 to 24 years. All subjects we choose from one organization at random. 
Due to experimental necessity, the unsighted subjects can be selected only congenital 
blind people not acquired blind people. All subjects are asked to confirm that they 
have no experience in touching “Persona Teacup”. All of subjects: (1) age without big 
difference; (2) boy and girl are same; (3) half sighted people and half blind people. 
The information of two subject teams is listed by Table 1. 
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Table 1. The Information List of Subject Teams 

3.4 Evaluative Tool 

Due to language translation and difference of meaning, we take traditional Chinese 
version of PAD scale and refer to English version as evaluative tool. The 18 pairs of 
keywords are shown by Table 2. 

3.5 Experimental Procedure 

Before beginning of experiment, the researcher told the subjects the aim, answering 
rules of the study and explained that there were no absolute correct answers, no li-
mited time, just relied on their own emotion state. The experiment was conducted in a 
room individually; one subject felt free to put his (her) one or two hands into a test 
box to touch a teacup and next step finish the questionnaire at once. This procedure 
was repeated until four tests had been finished. We use a Likert scale with the typical 
5-level item to ask the subjects writing down (sighted subjects) or answering (the 
blind subjects) the PAD scale questionnaire. Although many psychometricians sup-
port to use seven or nine levels, however, a recent study argued that there was very 
little difference between the scale formats like 5-, 7- or 9- point in terms of variation 
about the mean, skewness or kurtosis [3].   

No. 
Blind(B) / 
Sighted (S) 

Age Gender Code Name 

1 B 21 Male 01BM21 
2 B 22 Female 02BF20 
3 B 20 Male 03BM19 
4 B 20 Female 04BF20 
5 B 22 Male 05BM22 
6 B 21 Female 06BF21 
7 B 23 Male 07BM20 
8 B 24 Female 08BF20 
9 S 20 Male 09SM20 
10 S 22 Female 10SF22 
11 S 21 Male 11SM21 
12 S 20 Female 12SF22 
13 S 24 Male 13SM23 
14 S 21 Female 14SF24 
15 S 21 Male 15SM21 
16 S 22 Female 16SF22 

Total   B:8 / S:8 
F:21.5 (mean) F:8  

16 
M:21.5(mean) M:8 
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Table 2. The 18 Pairs of Keywords in PAD Scale 

Dimension “┿”Positive Mood “━” Negative Mood 

P(Pleasure) 

Happy (快樂) Unhappy (不快樂) 

Pleased (愉悅) Annoyed (惱怒) 

Satisfied (滿意) Unsatisfied (不滿意的) 

Contented(滿足) Melancholic (沮喪) 

Hopeful (希望) Despairing (絕望) 

Surprised (驚奇) Bored (無聊) 

A(Arousal) 

Stimulated (刺激)  Relaxed (放鬆) 

Excited (興奮) Calm (平靜) 

Frenzied (瘋狂) Sluggish (懶散) 

Jittery(緊張) Dull(枯燥) 

Awake (清醒)   Sleepy (睏倦) 

Aroused (喚起) Unaroused (未被喚起) 

D(Dominance) 

Controlling (控制) Controlled (被控制) 

Influential (有影響力) Influenced (被影響) 

Uncrowned(不擁擠) Crowded (擁擠) 

Important(重要) Awed (不重要) 

Dominant (支配) Submissive (服從) 

Free (自由) Restricted (被限制) 

  

Fig. 3. Three Pictures of the Experiment 

After whole haptic experiment was finished, researchers interviewed every subject 
independently at one time. Finally, all data will be evaluated and integrated. The 
experimental procedure was shown by Figure 3. In F.3-1, we set black cloth and  
a teacup on it within a test box. The sighted subjects used one hand to touch texture of 
a teacup (F.3-2), however, all of blind subjects adopt two palms to feel the texture of a 
teacup (F.3-3). 

F.3-2 Test (Sighted Subject)  F.3-3 Test (Blind Subject)  F.3-1 A teacup in Test Box 
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4 Results 

4.1 Data Gathering 

The scores on the questionnaire by five-level Likert’s item, can be: 2-strongly 
agree/1-agree/0-neither agree nor disagree/-1-disAgree/-2-strongly disagree. The 
emotional attribution can be identify as “+”: it means positive emotional mood of 
subjects; “-”: it means negative emotional mood. All scores are shown by Table 3. 

Table 3. The Summated Rating of PAD Data from Subjects 

 

A B C 

 

D 

 

B S B S B S B S 

P 

Happy  ─ Unhappy +10/-0 +1/-5 +0/-2 +3/-0 +0/-4 +0/-8 +7/-0 +6/-4 

Pleased  ─ Annoyed +10/-0 +2/-1 +4/-1 +4/-0 +0/-4 +2/-1 +8/-0 +4/-4 

Satisfied ─ Unsatisfied +5/-0 +2/-2 +0/-6 +0/-6 +12/-0 +1/-0 +3/-2 +3/-2 

Contented ─ Melancholic +3/-0 +2/-4 +0/-5 +0/-6 +6/-0 +2/-0 +4/-1 +0/-4 

Hopeful ─ Despairing +6/-0 +2/-0 +0/-4 +3/-1 +2/-0 +6/-0 +3/-4 +2/-4 

Surprised ─ Bored +10/-0 +6/-1 +0/-4 +0/-6 +12/-0 +11/-0 +10/-0 +5/-3 

A 

Stimulated ─ Relaxed +4/-3 +6/-2 +0/-9 +0/-7 +6/-0 +9/-0 +4/-2 +0/-7 

Excited ─ Calm +0/-2 +0/-1 +0/-12 +0/-2 +0/-13 +1/-7 +0/-4 +2/-5 

Frenzied ─Sluggish +0/-13 +0/-9 +0/-2 +0/-0 +0/-13 +0/-2 +0/-2 +0/-0 

Jittery ─ Dull +0/-6 +0/-3 +0/-3 +0/-12 +0/-7 +0/-6 +3/-3 +4/-5 

Awake ─ Sleepy +5/-0 +11/-0 +6/-0 +0/-3 +10/-0 +8/-0 +6/-0 +0/-3 

Aroused ─ Unaroused +8/-0 +7/-0 +0/-13 +0/-4 +7/-0 +3/-2 +3/-2 +6/-0 

D 

Controlling ─ Controlled +0/-9 +0/-9 +0/-13 +0/-6 +0/-7 +0/-6 +9/-0 +5/-3 

Influential ─ Influenced +6/-2 +3/-5 +0/-8 +0/-5 +7/-6 +2/-8 +9/-0 +7/-1 

Uncrowded ─ Crowded +0/-10 +0/-11 +0/-13 +0/-5 +0/-12 +0/-14 +8/-0 +1/-4 

Important ─ Awed +0/-6 +0/-0 +9/-0 +2/-2 +4/-0 +6/-1 +7/-0 +7/-0 

Dominant ─ Submissive +0/-11 +0/-6 +0/-11 +0/-2 +0/-3 +0/-3 +0/-11 +0/2 

Free ─ Restricted +0/-10 +0/-12 +0/-14 +0/-2 +0/-3 +0/-14 +0/-10 +0/-5 

*B:Blind Subjects  S:Sighted Subjects 
 

To represent further, we amount to each PAD dimension of the questionnaire items 
individually and integrate to positive and negative sections of scores. The integrated 
scores listed are shown by Table 4. 
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Table 4. The Integrated Scores of Each PAD Dimension 

In general, SD (Standard Deviation) can be illustrated how much variation or "dis-
persion" exists from the mean; from the above table 4, we integrate values of positive 
and negative emotions to calculate three-dimensional scores of PAD by arithmetic 
mean (AM) and standard deviation (SD) individually. The data are shown by Table 5. 

Table 5. The Standard Deviation & Arithmetic Mean values of Each PAD Dimension  

 
P A D 

B S B S B S 

 ┼ ─ ┼ ─ ┼ ─ ┼ ─ ┼ ─ ┼ ─ 

AM  28.8* 9.3 16.8 15.5 15.5 29.5* 14.3 17.8 14 37.5* 9 29.3 

SD 14.96 7.98 4.66 4.77 6.10 12.82 9.34 1.92 11.36 13.96 6.71 11.82 

AM：Arithmetic Mean; SD：Standard Deviation   
“ * ” : highest score   +”: positive emotion; “-”: negative emotion 

5 Conclusion 

Although this is a pilot study, and we adopt small samples in this experiment, the 
finding is shown as followed: 

1. In this case study, “A” teacup can give rise to pleasure emotion state of the blind 
subjects significantly.  

2. “B” teacup result in a more negative emotional state in terms of other teacups, 
especially in the blind subjects. The three-dimensional values of PAD tested by the 
blind subjects achieve to be higher level than the sighted subjects. To interview the 
blind subjects, they state that the texture of straight line makes them more 
uncertainty feelings. 

3. In PAD scale, “Pleasure” means to measure how pleasant an emotion may be, in 
case of comparing two subject teams, complex texture especially oblique pattern  
 

 

A 

 

B C D 

 
B S B S B S B S 

P +44*/-0 +15/-13 +4/-22* +10/-19 +32/-8 +22/-9 +35/-7 +20/-21 

A +17/-24 +24*/-15 +6/-48* +0/-19 +23/-33 +21/-17 +16/-13 +12/-20 

D +3/-39 +6/-34 +9/-59* +2/-22 +11/-31 +8/-46 +33*/-21 +20/-15 

B:Blind Subjects  S:Sighted Subjects  “ * ” : highest score 
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like teacups “A”, “D” can bring more pleasurable feeling to the blind subjects, 
however, the sighted subjects prefer neat texture to more variational, oblique 
pattern, hence, for sighted subjects, “C” teacup is pleasurable.  

4. In PAD scale, “Arousal” means to measure the intensity of the emotion, “C” 
teacup seems to stimulate the sighted subjects more positive response than others, 
and “A” and “D” teacups for the blind subjects, too. 

5. In SD values, “Pleasure” SD of the sighted subjects shows an equal value nearly. 
However, there is an extreme gap between positive and negative emotions of the 
blind subjects by “Pleasure” SD and “Arousal” SD. 
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Abstract. In this study of computer-mediated communication (CMC), Chinese 
and American students were paired cross-culturally and within same- and 
mixed-gender dyads. IM transcripts were analyzed for linguistic indicators of 
conversational management and interactional style. Our results revealed inter-
esting interaction effect of culture and gender pairings. Females used more in-
dicators of interaction style and males used a conversational management strat-
egy for achieving their conversational aims. However, both Chinese males and 
females were more linguistically active when paired with an American of the 
opposite gender, while American females displayed more cultural acceptance 
when paired with a Chinese female than a Chinese male. American males talked 
more when paired with a Chinese male than when paired with a Chinese fe-
male. These findings have implications for working in global virtual teams and 
system design for cross-cultural collaborations.  

Keywords: IM, gender, culture, computer-mediated communication, linguistics. 

1 Introduction 

Technology extends human capacity, allowing people to interact and exchange ideas 
across multiple boundaries – boundaries of time and space, as well as boundaries 
imposed by various stereotypes of social or cultural differences. In communications, 
dissimilar cultural and social orientations can introduce ill-timed interruptions, mi-
sunderstood silence, or ambiguous phraseology that adds confusion. Particularly for 
internationally diverse members communicating in a lean media channel like instant 
messaging (IM), misunderstandings and miscommunications may be avoided by un-
derstanding how cross-cultural and mixed gender interactions in IM are conducted.  
Prior work in the effects of cultural differences in communication report the ways 
culture and media-type influence behavior. In an earlier study, Chinese and American 
intra-cultural behaviors were compared [1]. Zhang and Marksbury report that Chinese 
participants spent more time in discussions than did the Americans, and performed the 



 What’s Your Point? 431 

task more efficiently. If prior relational interaction promotes task effectiveness, an 
analysis of the structure and content of task-related discussions are important to ob-
serve. Our objective is to investigate how cultural differences manifest in CMC. To 
aid cooperation among individuals involved in remote collaborations, and to add to 
what is understood about the interaction of gender and culture in CMC, the aim of this 
paper is to report the results of conversational interactions of cross-culturally, diverse 
gender pairings. 

2 Related Work 

2.1 Gendered Talk  

Gender-related styles of communicating have long been studied. In studies of face-to-
face and written language, results are framed in theoretical viewpoints that certain 
drivers influence linguistic behavior. One explanation stems from the theory of gen-
dered social roles assigning women as nurturing caretakers and men as action-
oriented agents [2]. Social role theory predicts that females are socialized to be more 
collaborative and males more instrumental. This theory has been used to explain 
gender-related conversational differences, exemplified by females’ cooperative and 
accommodating language and males using more assertive and active language [3].  

Partner Influence. McMillan, et al [4] advocate that to understand the interactional 
elements between males and females, it is necessary to distinguish with whom the 
speaker is paired. Female friendships with other females are characterized with inti-
macy and emotional expressiveness, while the emphasis of males’ friendships with 
other males is placed on shared activity [5]. Females tend to use more grammatically 
correct language and make requests using more words than males, while males in 
mixed gender conversations respond to these supportive interactions by talking more 
[6]. When paired with a female, males talked longer than when paired with another 
male, or than when females were paired [7]. Males also interrupted more when in 
face-to-face conversations with females than when speaking with other males [8]. 

Gender in IM. IM conversations are found to exhibit gendered conversation similar 
to patterns in spoken language. Previous studies of CMC have found that women in 
conversations with other women are more likely to talk longer [9], use more emoti-
cons and more extensive openings and closings in their discussions [10]. Females in 
conversation with other males used more emoticons [9] and more words [11]. El-
lipses, emoticons and acronyms become IM’s nonverbal cues [9, 12] that provide 
emphases for meaning interpretation. The act of encouraging interaction is also seen 
in using multiturn sets (MTS). Particular for chatting channels, multiturn sets or “ut-
terance chunks” [13] are the sequentially related messages a speaker uses to commu-
nicate several messages across several turns.  
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2.2 Cultural Influences  

Another driver of linguistic behaviors is explained by an effect of culture. Stylistic 
differences between American and Chinese cultures align with the individualist-
collectivist dimension [14, 15], a framework to account for nationalistic differences. 
Cross-cultural CMC research frequently employs models of cultural dimensions to 
interpret aggregate measures of culturally based behaviors. While second-language 
communicators using English complicates interpretation, English remains a language 
common to many global industries, academics, and the “lingua franca of professional 
communication” [16, 339]. Cultural orientation, even when analyzed by linguistic 
indicators in a common language, should not be overlooked.  

Culture in IM. Cultural influences in CMC include channel preferences, feature uti-
lization, as well as communicative behaviors. Asians report preferences for lean me-
dia, stemming from concerns of language fluency [17], time in interpreting and res-
ponding [18], as well as higher ratings of emoticon importance [19]. North Americans 
are more likely to prefer direct communication, punctuated by debate and confronta-
tion, while Asians may use time delays and other ambiguities that provide more time 
to digest message content and compose responses. Language-based indicators among 
Asian participants include more politeness and greater message production when 
compared to US participants, suggesting a more involved interactional style [20]. 
Despite this important work, the sociolinguistic analysis of IM remains relatively 
under-explored.  

Cross-cultural Partner Influences. Other sociolinguistic analyses attempt to isolate 
media richness and task-type. In text-dominant media, collectivist cultural tendencies 
features conversational measures made richer by prolonged discussions with deeper 
interactions [21]. Conversational context is an important consideration, and nationa-
listic differences may be reduced or amplified in cross-cultural interactions. 

2.3 Conversational Aims 

In this study, conversational aims describe the goals each participant wishes to 
achieve in their communications. Reviewing related studies suggests that females will 
naturally seek out interaction by encouraging others’ involvement, and males will be 
task-oriented and more directive in their communications. Culturally, members of a 
collectivist culture will strive for relational knowledge by encouraging interaction. 
Members of an individualistic culture, like the US, are likely to also be more efficient, 
task-focused and less effusive. 

In order to help us think about the kinds of verbal indicators associated with the 
conversational aims, we divide the frequencies of indicators into two broad catego-
ries: conversational management and interaction style. 

Conversational Management. Adapted from an extensive analysis of verbal beha-
vior [22], conversational management is defined by the elements used to achieve  
participants’ communication goal. These elements include the number of turns, the 
number of multiturn sets (MTS), and the length of turns, measured in words. Conver-
sational management represents the characteristics of posting and is used in this  
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analysis to quantify how individuals negotiate turn-taking and message conveyance to 
ensure the conversational aim is achieved. From a structural viewpoint, taking the 
floor and directing the conversation are ways to control communicational flow. These 
indicators are measured by turn and word production.  

Interactional Style. Interactional style describes modifiers of language used in IM to 
encourage communication and are measured by indicators that suggest a collaborative 
intent. This conversational aim is achieved by imbuing one’s conversation with addition-
al cues to provide explicit meaning and personality. Three measures were used in this 
study to reflect interactional style: emoticons, unusual punctuation, and words in estab-
lishing presence. Emoticons are the ASCII text usually displayed sideways to indicate an 
emotional state, as in “: )”. Unusual punctuation includes added punctuation (!!!) and 
abbreviations (LOL, IDK). Using humor, emoticons and unusual punctuation are ways to 
add emphasis for meaning interpretation, help clarify one’s meaning and signal commu-
nicative encouragement. Word frequency in the introductory phase communication is an 
indicator of interactional style for establishing presence. By indicating interest in a per-
son’s name, their day or mood, the message sender uses more words and more turns at 
the initial stage of the conversation to establish a relationship. 

2.4 Research Hypotheses 

We are interested in how computer-mediated communication channels influence 
people from China and the US. While the body of previous work includes many stu-
dies examining CMC and culture, the present study investigates the interaction of 
gender pairing and culture by analyzing linguistic indicators in CMC. We explore 
how women and men interact cross-culturally in a negotiation task. Linguistically, 
males tend to be more active and assertive [3, 8] and talk longer in conversations with 
females [7]. Females paired with males will use more emoticons [9], will talk more 
[11], and produce more talk when establishing presence. Therefore, we predict: 

H1a: Males will evidence more conversational management indicators. 
H1b: Females will demonstrate more indictors of an emphatic interactional style. 

Cross-culturally, conversation management especially measured by multi-turn (MTS) 
may indicate two possible linguistic aims. On the one hand, frequent usage of MTS 
by non-native speakers may slow down the conversation slow of the native speakers. 
On the other hand, a frequent usage of MTS can also be considered as a politeness by 
sending out frequent short messages rather than requesting the partner to wait for a 
long message. Given this, we predict that: 
 

H2: Chinese will use more MTS than Americans in their communication. 

3 Method 

Participants: Eighty-one students at a US university participated in this study: 41 
Chinese (born and raised in mainland China or Taiwan, and residing the in the US for 
no more than 4 years) and 40 American students (born and raised in the US). All  
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participants were paired cross-culturally with 4 confederates (Chinese male, Chinese 
female, US male and US female). Gender pairing (female-female, female-male, male-
female, and male-male) was counter balanced. All participants conversed in English.  
Task: An investment game, Daytrader [23] based on a prisoner’s dilemma was used 
in the study. Participants were instructed to make as many points as possible, and 
after every 7 rounds entered an IM discussion through GChat (Google Chat). The 
game lasted a total of 21 rounds, allowing for 3 discussions. Participants were advised 
to discuss their investment performance of previous rounds or possible strategies for 
investing in future rounds. 
Procedure: Upon arrival, participants responded to items on a background survey. 
Game instructions were explained and practice rounds were played in the presence of 
the researcher. After the task, participants were debriefed with the experimenter to 
share their experiences and comments.  

4 Results 

Linguistic indicators of conversational management and interactional style were ana-
lyzed from the transcripts of GChat conversations. Analyses of Variance (ANOVA) 
were performed to regress frequencies of linguistic categories by culture (China or 
US) and by gender pairings (female-female, female-male, male-female, and male-
male).  

4.1 Conversational Management Indicators 

Turns. Analyzing frequencies of turns used overall, by culture and gender pairing 
revealed approaching significance of a main effect of culture, with Chinese using 
more turns (F (1,78) = 3.04, p < .09), and an interaction effect of culture and gender 
pairing (F (3,78) = 2.27, p < .09). A post hoc t-test of the interaction effect revealed 
two significant comparisons: First, cross-culturally, Chinese males (CM) used more 
turns than American males (AM) in a mixed gender pairing (t (18) = 2.07, p < .05). 
Second, CM used more turns in a mixed gender pairing than in an all-male pairing (t 
(18) = 2.09, p < .05). The peak of Chinese males’ turns overall is seen in figure 1. 

 

Fig. 1. Turns Overall 
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Multiturn Sets. Analyzing frequencies of MTS’ used overall, by culture and gender 
pairing reveal a main effect of culture with Chinese using more MTS’ than Americans 
(F (1,78) = 5.52, p < .02). Additional ANOVA for turns used within MTS’ were also 
significant for a cultural effect. Across all discussions, Chinese used more turns with-
in MTS’ (t (77) = 2.38, p < .02). There was no difference between cultures for the 
frequency of words within MTS’ (F (1,78) = 32.95, p = .93).  

Word Total. Analyzing total of words by culture and gender pairing revealed a sig-
nificant main effect of culture with Americans using more words than Chinese (F 
(1,78) = 4.34, p < .05), and a significant interaction effect of culture and gender pair-
ing (F (3,78) = 3.15, p < .03. The post hoc analyses of the interaction effect showed 
two significant comparisons: American males used significantly more words than 
Chinese males in all-male pairings (t (17) = 3.64, p < .005); American males also used 
significantly more words when paired with a Chinese male (all-male) than when 
paired with a Chinese female (male-mixed) (t (17) = 2.90; p < .01). The peak of 
American males’ word total is seen in figure 2.  

 

Fig. 2. Words Overall 

4.2 Interaction Style Indicators 

Emoticons. Analyzing frequencies of emoticons used overall, by culture and gender 
pairing was significant for culture with Chinese using more emoticons than Ameri-
cans (F (1,78) = 5.62, p < .02), gender pairings (F (3,78) = 4.59, p < .01), and for an 
interaction of culture and gender pairing (F (3,78) = 5.49, p < .01). For Chinese com-
parisons, CF in both all-female and female mixed pairings used more emoticons than 
CM in both male mixed (t (19) = 2.41, p < .03) and all-male pairings (t (16) = 2.73, p 
< .02). For American comparisons, AF when paired with CF (all-female) used more 
emoticons than with CM (female mixed) (t (17) = 3.35, p < .01), and more than AM 
with CM (all-male) (t (17) = 2.63, p < .02). Cross-culturally, CF used more emoticons 
than AF in female mixed pairings. The peak of emoticon usage by Chinese female 
and American female (in all-female) is shown in figure 3. 
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Fig. 3. Emoticons    Fig. 4. Unusual Punctuation 

Unusual Punctuation. Analyzing frequencies of unusual punctuation used overall, by 
culture and gender pairing showed an interaction effect of culture and gender pairing 
(F (7,78) = 2.14, p < .05). For gender pairing comparisons, Chinese female (CF) when 
paired with AM (female mixed) used more unusual punctuation than when paired 
with AF (all female) (t (19) = 2.54, p < .02), and more than when CM paired with AM 
(all male) (t (18) = 1.94, p < .07). For cross-cultural comparisons, CF used signifi-
cantly more unusual punctuation than AF in female mixed pairing (t (17) = 2.45, p < 
.03). The peak of unusual punctuation indicators by Chinese female is demonstrated 
in figure 4. 

Words in Establishing Presence. The first discussion is used to establish common 
ground in learning how the game works. Total word count in this period is used as a 
measure of establishing presence. Analyzing frequencies of words used in establish-
ing presence, by culture and gender pairing showed an interaction effect approaching 
significance of culture and gender pairs (F (3,78) = 2.28, p < .09). The gender pairing 
comparison revealed two areas of significance: AF used significantly more words in 
establishing presence in all female (paired with CF) than in female mixed (paired with 
CM) (t (17) = 2.52, p < .02); CM in male mixed (paired with AF) used more words in 
establishing presence than in all male (paired with AM) (t (11) = 2.18, p < .05). 
Cross-culturally, CM used more words in establishing presence than AM in male 
mixed pairings (t (18) = 2.25, p < .04). Chinese males’ show no difference from 
American females’ peak for word frequency in establishing presence, as in figure 5.  

 

Fig. 5. Word Total in Establishing Presence 
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5 Discussion 

The objective of this study was to investigate how gender and culture interacted in 
computer-mediated communication, especially in instant messaging (IM). Linguistic 
indicators were analyzed to explore the conversation management and interactional 
styles in cross-cultural Chinese and American communications.  
 
H1a predicted males would demonstrate more conversational management indicators 
than females. Our results support it. In order to gain the floor, Chinese males favored 
more turns (Fig. 1), while American males favored more words (Fig. 2). However 
opposite to previously-cited work that males talked longer in conversations with fe-
males [7], American males in our study actually used more words when paired with a 
Chinese male than with a Chinese female. It is likely that when interacting cross-
culturally, American males used more words with a male from a minority culture to 
assert their dominance than they did with a female from a minority culture. 
 
H1b predicted that females would evidence more interaction. Our results support it. 
Chinese females used more emoticons than Chinese males in all gender pairings. Chi-
nese females also dominated in their use of unusual punctuation. American females 
used the highest frequency of words in the introductory period of establishing pres-
ence, but only when paired with a Chinese female. American females used more emo-
ticons and more introductory words when paired with a Chinese female but not when 
paired with a Chinese male. This suggested that American females displayed more 
cultural acceptance when paired with a Chinese female than a Chinese male. 
 
H2 predicted that Chinese would use more multi-turn sets (MTS) than Americans as a 
conversation management strategy to achieve their conversation aim. Our results con-
firmed it. Furthermore, there were no cultural differences in word count within MTS, 
but Chinese still used more turns within MTS than Americans. In other words, both 
cultures demonstrated similar word production within MTS, but Chinese used more 
turns in gaining the floor. Chinese turn frequency within MTS may be used to slow 
down the conversation, and show their politeness by communicating in short, easy-to-
read messages. 
 
While males and females in this study provided evidence of high frequencies aligning 
with predicted conversational aims, distinct gender pairing differences in cultural 
interactions are noted. Chinese integration with members of the American university 
cultures exemplifies their attempt to acculturate and yet both genders appear to prefer 
interaction with members of the opposite gender. Chinese males used the most turns, 
particularly when paired with an American female, and perhaps as a way to control 
the fast flow of English. Chinese females used the highest frequency of emoticons and 
unusual punctuation, particularly when paired with an American male, and perhaps to 
provide additional cues absent from IM for meaning interpretation. Americans dem-
onstrated an opposite response. US females displayed more additional cues in their 
discussions, but more so when paired with a Chinese female, while US males used 
words as a way to dominate their discussions, particularly when paired with a Chinese 
male.  
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6 Conclusion 

Results from this study suggest that cross-cultural and diverse gender pairing impacts 
communicational behavior in online discussions. Explanations might be found by 
considering challenges inherent to a culturally immersive environment.  

Considering conversational aims in CMC helps us understand the goals others 
seek, and might provide insight to individuals for communicating more effectively. 
Implications of these findings are valuable for analyzing preliminary conversations in 
global virtual teams. Particularly when assigned to work with people who are stran-
gers, individuals must manage their pre-conceived notions about another’s culture and 
gender. Limitations to generalizing these findings to other situations are noted in both 
the size and context of this subject pool. Students may not be fully representational of 
professionals employed in multinational enterprises. Students in this study may in fact 
be overly sensitive to mixed gender pairings, given the contextual impact of attending 
college in one’s early adulthood. Future work should explore these dynamics in natu-
ralistic professional environments. The ways in which we communicate with one 
another and the points we make, impact the success of information exchange, know-
ledge transfer and meaning interpretation. Conversational behavior in work groups is 
important for increasing efficiency and productivity of teams united in a task, both 
distant and co-located.  
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Abstract. Space limitation in small devices such as smartphones which are able 
to access the Internet is an important issue in regard to increasing usage of these 
devices. Moreover, a browser is a one of tools for transition of a website which 
is designed for a big screen like the display of a desktop computer. This paper 
experimentally evaluated user-interface alternatives based on three tasks (find-
ing, re-finding, reading, and browsing) and two display orientations (horizontal, 
vertical). In addition, the survey results showed the methods (Pop out, Full 
screen, and Auto zooming) and the orientations affect actual usage. 

Keywords: Localization, Website layout adaptation, Smartphone interface, 
News reading on smartphones. 

1 Introduction 

Checking news is a popular action that each person does during a day. In recent years, 
the trend of using small devices such as cell phones, tablet computers smartphones 
and PDAs (Personal Digital Assistants) to access the Internet is increasing [1]. People 
use these devices to check news because of convenient access and their versatile func-
tions. However, these devices significantly differ from powerful desktop computers in 
many ways.  In particular, the screen size of small devices put constraints on properly 
representing Web contents that are originally designed for the display of desktop 
computers. To meet the constraints mentioned above, websites need to adapt their 
contents to the small screens of these devices.  

Although there are various forms of publications about website adaptations for 
small devices such as applications and browsers, many users do not rely on these tools 
and check news in smartphones because of the following reasons: 

• The way that applications and browsers change the layout of news websites 
• The unreadable font of articles in small devices, which users are forced to zoom-in 

and zoom-out frequently 

                                                           
* Corresponding author. 
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• Compounding or excluding of some part of original websites, which can be found 
in the display of desktop computers such as pictures and old news 

• Lack of memory in small devices for installing applications 

This paper aims to find some proper structures that can improve the user interaction 
with small devices for checking news. This article considers all these challenges in 
order to obtain a better transition of websites from the screen of desktop computers to 
small devices. Section 2 describes the literature review of page layout adaptation, and 
Section 3 explains user study. The results are given in Section 4, and discussion is 
presented in Section 5. Finally, Section 6 summarizes the conclusion.  

2 Literature Review:  Page Layout Adaptation  

Although the small size of displays is useful for carrying them everywhere, some 
limitations are also created because of this privilege. Recently, several research 
projects have initiated the investigation for solutions to the constraint of the limited 
screen size. These techniques are referred to as page layout adaptation [2]. In general, 
the adaptation layout can be categorized into three approaches.  

2.1 Direct: 

In this technique, users navigate through the original page. It is the simplest and popu-
lar method to transit websites from the screen of desktop computers to such small 
devices as smartphones. Nevertheless, users have to scroll all the time vertically and 
horizontally. Virpi et al. insist horizontal scrolling is much harder than vertical scrol-
ling [3]. This paper suggests the narrow and tall layout that user just need vertical 
scrolling. 

2.2 Manual: 

Manual also refers to device specific authoring. The content provider, who is a typical 
professional in Web design, has customized the Web content for each individual de-
vice [4]. In the most part, this method provides the best user experiences for mobile 
device users. However, due to mass labor work manually involved, this technique can 
be only applied to small set of websites and it is limited in scalability [5]. 

2.3 Automatic: 

The automatic method usually is based on a proxy like transcoders that render and 
filter useful contents and transforms them for browsing on devices with small dis-
plays. In general, this method requires minimum user intervention [4]. In addition, it 
can take arbitrary Web documents and generate adapted version on-the-fly [3]. There-
fore, it has the most potential for widespread use.  
There are many methods that transform original page to small devices’ monitors au-
tomatically. 
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2.3.1 Format Conversion: 
This method can split original pages into different small cards [6]. Therefore, each 
card can fit into one screen. Chen et al. have provided a guideline to split websites in 
logical part such as footer, header and etc. According to the guideline, each logical 
unit is designed to fit in the device screen [7]. Links are made between cards to enable 
browsing. This method seems useful but it has some disadvantages. Firstly, it does not 
allow retention of layout and presentation style of the original document. Thus, users 
are likely to be confused when accessing the same website on a desktop computer and 
a small device. Secondly, this method makes websites so deep. Hence, the number of 
clicks which an average user needs to perform is too high, which potentially discou-
rages the users from browsing with small devices [4]. Designers need to sacrifice 
functionality to offset the reduced steps in all function of small devices [8]. 

2.3.2 Overview: 
This method first provides the overall context. It then allows users to “zoom in” at 
any point for detail viewing. B. Mackay et al. proposed the method of “Gateway” [9]. 
Users navigate the Gateway by selecting individual sections, either by clicking or by 
rollovers, on the website that are expanded and superimposed over the overview. 
Moreover, users can make selections on the section, such as choosing a menu item or 
following a link, as they would be on the large websites.  The key disadvantage of 
this method is that users need to go back and forth between the overview of the page 
and its individual blocks [4]. 

2.3.3 Summarization: 
Text summarization techniques typically parse, analyze and record the text based on 
its semantic and certain psychological and statistical rules.  Therefore, this method is 
also referred to semantic conversion in some publications [10], [11]. Text summariza-
tion seems to work perfectly when most of the content on a website is a pure text. 
However, the method will collapse when images are added onto the website, since 
this technique does not know how to “summarize” images [3].  

2.3.4 Linear: 
The layout of information from the main website is changed to a long linear list that 
fits within the width constraints of small devices [9]. These kinds of methods extract 
all hyperlinks of the original website. Meanwhile, it also extracts some non-link con-
tents such as telephone numbers. A menu is generated, with all the extracted links and 
contents as the menu items. By doing this, websites effectively separates the naviga-
tion and the action, making navigation simply a matter of selecting a link to follow 
from a list. The action interface becomes much more powerful which users can apply 
various web-based services to any link now [5]. One of drawbacks of these methods is 
the new structure that happened which is confused the user who has experience about 
the website in desktop as well. 
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3 User study: 

3.1 Methodology 

Although there is a wide variety of actual usage measurements, in this study usability 
is counted as a primary factor in determining the acceptability and consequent success 
of any kind of adaptations. Users’ satisfaction, time efficiency and effectiveness play 
the main role in usability based on ISO 9241. Furthermore, compatibility [12] and 
enjoyment [13] are other factors of using small devices.  

The mentioned factors are used to evaluate the proposed methods of page layout 
adaptation to catch the best transition websites from the screen of desktop computers 
to small devices. Experiments and surveys in this paper are performed among 12 
people (6 male and 6 female) in the range between 25 and 35 years old. The language 
of the news is chosen Persian due to couple of reasons such as special alphabets of 
this language that can have a noticeable effect on readability, and style of writing 
starting from right to left rather than left to right.  

For each method (Pop out, Full screen, and Auto zooming), the potential impact on 
subsequent navigation of a website is examined with different data types performing 
tasks of finding, re-finding, reading and browsing in small screen and in two orientations.   

Furthermore, the most important factor and main reason for this research is the 
small screen of hand-held screen devices such as smartphones. Due to different sizes 
of them, this research chooses one common small device, Galaxy Nexus Sprint An-
droid Smartphone. The size of this smartphone is 4.88” * 2.48” * 0.44”, and the main 
display’s resolution is 800*480 pixels.  

Moreover, there are many other factors as educational background, age, culture etc. 
Users are chosen randomly to avoid the effect of those factors which are considered in 
this research. 

3.2 Hypothesis: 

According to the factors which this study desires to measure, hypotheses are defined 
as following: 
 

• H1: Methods affect compatibility.  
• H2: Methods affect satisfaction. 
• H3: Methods affect effectiveness. 
• H4: Methods affect efficiency. 
• H5: Methods affect enjoyment. 
• H6: Orientations affect compatibility. 
• H7: Orientations affect satisfaction. 
• H8: Orientations affect effectiveness. 
• H9: Orientations affect efficiency.  
• H10: Orientations affect enjoyment. 

This paper tries to whether prove or reject these hypotheses with the experiments and 
surveys which were explained in the Section 3.1. 
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3.3 Implemented Methods 

In this paper three ways of migration from large to small screen in two orientations, 
which are totally automatic, are compared. As opposed to many screen adaptations 
from desktop computers to small devices, the methods avoid excluding or compound-
ing of any part of websites. These methods do not replace or create a new layout for 
websites by considering the small size of monitors. Moreover, the mentioned methods 
decline zooming action during checking news.   

In practical, every website consists of different elements, namely page structure 
(HTML file), styling definitions (CSS files) and page interactions (JavaScript files). 
This paper comes up with a set of JavaScript functions which can plug into the exist-
ing page structures. These JavaScript methods monitor and detect all clicks on the 
page. If any news title is clicked, the JavaScript methods fetch the target page in the 
background and display the page according to the predefined methods. 

With prepared framework which can adapt to any kind of websites, these methods 
can be simulated on various mobile phones. Figure 1 illustrates the simulation of the 
BBC sports news website. 

  

Fig. 1. The simulation of BBC website 

First Method: Pop out. The Pop out method provides an exact reduced replica of the 
large screen website while maintaining a consistent distortion. Users navigate the Pop 
out by selecting individual sections by clicking on the website that is expanded and 
superimposed over the overview. In this method at first users have an overview as 
same as desktop computers, and then they can choose and click on their favorite part 
in order to read in a bigger font size. Figure 2 shows the example of the Pop out  
method.  
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Fig. 2. First Click with the First Method, Pop out 

Second Method: Full Screen. This method splits a website in a few blocks. At first, 
users can see an overview of the website, and then users click on each part of page in 
which they can see full screen of that block. Figure 3 illustrates this method. 

 

Fig. 3. First Click with the Second Method, Full Screen 

Third Method: Auto zooming. This method is a scheme that positions the viewing 
window automatically based on the page layout information detected by the algo-
rithm. Users can switch back and forth between the thumbnail and original website to 
provide the scrolling-by-block function. Auto zooming method is very similar to the 
page Full screen method. This method is depicted in figure 4.  
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Fig. 4. First Click with the Third Method, Auto-positioning 

3.4 Study: 

The experiment consists of seven parts. First, users became familiar with the large 
BBC website on the display of desktop computer by opening stories and using the 
menu items. Before the actual experiments, users performed the same manipulation 
check to ensure they have a minimum level of familiarity with the website. In the 
second part, finding task, users were asked to perform a task using desktop to find one 
specific headline in the website, and then users were asked to re-find the same head-
line in all methods (Pop out, Full screen, Auto zooming) in the smartphone and two 
orientations. Afterwards, users should do finding task. They were asked to find new 
specific headlines in each method and orientation. In fifth part, users read one story 
with all methods and orientations, and lastly they would have 30 seconds in each me-
thod and orientation to find as many headlines as they can among seven specific head-
lines.  

These steps make users to do re-finding, finding, reading, and browsing. After 
these 6 steps, experienced study group were ready to answer the survey which asks 
about the rank of methods and orientations about all factors that were mentioned as 
measurement of actual usage in this paper. 

It is noticeable that sequence of these modes of navigation is chosen randomly for 
each user to avoid learning curve.  

4 Results: 

4.1 Experiment: 

Based on the two-way ANOVA using recorded data, orientation has effect on re-
finding task. Furthermore, the average time of re-finding in vertical mode totally is 
well under horizontal one. This analysis does not show any significant effect on find-
ing task, whereas methods have a significant effect on reading part. According to the 
observed result from method 2 (Full screen), users spent least time on reading task for 
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one specific story. In case of browsing task, p-value of methods was less than α=0.05 
by approximately 0.02 which shows a significant effect of this task as it can be seen in 
table 1. Due to the highest average of found headlines with method 1, Pop out can be 
counted as the best method of browsing. It should be mentioned that orientations do 
not have effect on reading and browsing tasks.  

Table 1. ANOVA Analysis of Browsing Task 

Source of Variation SS df MS F P-value F crit 

Sample 0.888889 1 0.888889 0.820513 0.368325 3.986269 

Columns 7.583333 2 3.791667 3.5 0.035917 3.135918 

Interaction 0.027778 2 0.013889 0.012821 0.987264 3.135918 

Within 71.5 66 1.083333 

Total 80 71         

4.2 Survey: 

The analysis of the survey, which asked directly about such measurement of actual 
usage in this paper as efficiency, effectiveness, satisfaction, enjoyment and compati-
bility, showed some significant effects of orientations and methods. For instance, 
methods have an effect on efficiency and compatibility. Also users prefer method 2, 
Full screen, in mentioned two factors. For orientations, participants gave higher rank 
to vertical mode of methods for satisfaction and enjoyment factors.  

Overall, there is not any significant interaction effect on both surveys and experi-
ments data. Table 1 summarizes the external variables (methods and orientations) 
which have a significant effect on the tasks and the factors. In all these ANOVA re-
sults, α is authentic for both 0.05 and 0.1.     

Table 2. Summary of Results 

Mode 

Tasks Factors 

Re-finding Finding Reading Browsing Efficiency Effectiveness satisfaction compatibility Enjoyment 

Method1    *      

Method2 *  *  * 
 

 *  

Method3          

Vertical *      *  * 

Horizontal          
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5 Discussion 

According to the observed results, horizontal mode as same as method 3 (Auto zoom-
ing) did not have a significant effect on any task and factor. Auto zooming method is 
the novel way of transition that users should try to learn.  

Additionally, users get use to navigating with cell phone in vertical mode rather 
than horizontal one.  As a result, users are more satisfied and enjoyed with the vertic-
al display. The results show that orientations do not impact on compatibility, effec-
tiveness, and efficiency which are related to H6, H8 and H9 respectively.  

In contrast with Auto zooming, Full screen is the best way for re-finding and read-
ing news as well as more efficiency and compatibility from users’ perspective. As it 
was explained in the implemented part, method 2 provides full screen of news after 
one click on the specific headline in the small monitor of smartphones. This action cut 
zooming action and making news readable. Hence, users spend less time for reading 
with this method. Moreover, Full screen method is extremely similar to the way of 
checking news in desktop computers. Therefore, users do not need to learn any new 
skill which means Full screen method is compatible with checking news in laptop. 
Furthermore, users can re-find news more convenient and efficient.  

It is worth noting that method 1, Pop out, is the best method of browsing due to 
providing overview during reading the news. Users can check specific news with the 
bigger font as same time as they have overview of whole page. Thus, this ability of 
Pop out method makes it the best method for browsing based on experiment. Finally, 
only effectiveness is independent in regarding to the influence of methods on factors. 
Therefore, H3 can be rejected. 

6 Conclusion:  

In this research, three automatic methods of page layout adaptation (Pop out, Full 
screen, and Auto zooming) from desktop computers to smartphones are compared. All 
these methods are prepared overview of websites which users can see in desktop 
computers as well. Based on the experiment and survey results, Full screen is the 
most popular method for such tasks as finding, re-finding, and reading while Pop out 
is better method for browsing only. In addition, using Full screen method in smart-
phones is more efficient and compatible with desktop computers compared to other 
two methods. Moreover, the results revealed that users are more satisfied and enjoyed 
with vertical mode rather than horizontal one.     

This paper provides a chart to compare navigation for different migration tech-
niques and web tasks. Not only the chart can be used to guide the information migra-
tion from the large screen to the small screen and optimize navigation for specific 
tasks, but also it can be significant results to customize Persian news websites.  

In addition, this paper is limited by and accessibility to native speakers. Thus, only 
12 users could be caught to participate in this study. In order to achieve more trustful-
ness results further studies can extend the number of participants.   
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Abstract. This study aims to develop a questionnaire to investigate the accep-
tance and adoption of smartphone among college students in China, and to find 
factors affecting the acceptance and adoption. A total of 402 valid question-
naires were received from Chinese college students. The internal reliability of 
the questionnaire was pretty high and acceptable (cronbach’s α= 0.939). Ex-
tended Technology Acceptance Model (TAM) is attempted to be utilized to ex-
plain users’ Behavior Intention (BI) to smartphone use. Structural Equation 
Model was used to test the extended TAM, and the results demonstrated majori-
ty relationships of the extended TAM. The study also found that social influ-
ence, entertainment utility and compatibility of smartphone impact Chinese col-
lege students’ perceived usefulness and attitude to use. That is very valuable 
implication for manufacturers to improve smartphone’s interactive interface to 
win bigger market share. 

Keywords: Smartphone, extended TAM, Social influence, Entertainment utili-
ty, Compatibility, Structural equation model. 

1 Introduction  

In the past decade, mobile phone experienced a tremendous growth. With the devel-
opment and innovation of technology, smartphone arises at the historic moment. It 
was invented by Lee, Han, and Hwang in 2007 [10]. Its core functions are not only 
phone calls and text massages, but also include camera, wireless communication, and 
multimedia messaging and so on. It integrates mobile phone and many other technol-
ogies into one single device, which can be regarded as a handheld computer, like the 
Apple, Nokia N-series, Samsung, Motorola, HTC, MI, etc. 

According to the investigation on 30,000 mobile phone users in Unite State by the 
market research institute comScore [14], the market share of smartphone in USA has 
been 51.9% by October 2012, which is higher 6% than that in July 2012. In China, 
smartphone has spread from high-end consumer group to mid- and low-end consumer 
groups. Young college student is main force of the mid-/low-end consumer groups. 
The population of college students has reached more than 20 million in 2010 [5]. 
They are young adults pursuing fashion and new technology products. That presents a 
sizeable market opportunity for smartphone, as well as a challenge to provide  
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appropriate smartphone products for this group. Therefore, understanding the funda-
mentals of what determines smartphone use among this group is worth being studied. 
It can lead to more effective and meaningful strategies for smartphone manufacturers 
and thus, allows them to remain competitive. However, few literatures about such 
studies have been found. Therefore, the purpose of this study is to investigate the 
acceptance and adoption of smartphones among Chinese college students and the 
factors affecting such acceptance behaviors, and to explore the critical external va-
riables affecting users’ attitude to use and perceived usefulness of smartphone. 

2 Background Literature 

The technology acceptance model (TAM) was proposed by Davis [6]. It was origi-
nated from the theory of reasoned action (TRA) which is used for explaining and 
predicting people’s behavior. TAM was widely used to explain and analyze informa-
tion technology usage behavior. Previous research has proven that it is a useful theo-
retical model in helping to understand and explain users’ behavior in information 
system implementation [11].  

Basic TAM has five components: Perceived Usefulness (PU), Perceived Ease of 
Use (PEOU), Attitude (AT), Behavior Intention (BI), and actual use. In the context of 
smartphone acceptance, mobile services can be available at any time and any place. 
PU is defined here as “the degree to which a user believes using a smartphone would 
enhance his or her life quality and could integrate into their daily activities” [9] and 
recognized as the most important variable to predict technology acceptance in several 
studies [1, 8]. However, if a product is too hard to use, even if potential users believe 
that it is useful, the acceptance could also be influenced. Thus, PEOU is also consi-
dered as an important variable to influence usage. PEOU here refers to the degree to 
which a user believes that using a smartphone would be free of effort. 

Based on the structure of the model, five relationships are suggested among the 
five components: (1) PEOU affects PU; (2) PEOU affects AT; (3) PU affects AT; (4) 
AT affects BI; and (5) PU affects BI. Finally, the actual use is influenced by behavior 
intention (BI). Venkatesh et al. [17] and Wu et al. [20] suggested that PEOU and PU 
are the two most important factors in explaining technology use. Studies had empiri-
cally proved the relationships between factors in TAM based on smartphone use in 
healthcare [15] and delivery service [2, 3]. When PEOU increases, users’ PU of a 
smartphone will also increase and this will influence their behavioral intentions to 
use. Both PU and PEOU would have a positive effect on users’ attitude and this 
would influence their behavioral intentions to use. 

Additionally, several researchers proposed that self-efficacy also influences users’ 
acceptance of technology. Self-efficacy was defined as users’ perception of their 
ability to use a product to accomplish a task [4]. Self-efficacy measures user’s percep-
tion on how he/she is able to complete a task. Without skill, performance is not possi-
ble; without self-efficacy, performance may not be attempted. Users’ self-efficacy and 
perceptions contribute to the causal relationship between acceptance of technology 
and user’s cognitive factors [15]. Literature empirically proved that users’ self-
efficacy affected perceived ease of use (PEOU) and behavior intention to use [2, 3, 7, 
15, 16]. From this literature, it is postulated that confident users in learning to use a 
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smartphone are likely to perceive it as easier to use while those who are not confident 
in learning the smartphone use perceive it as harder to use. Therefore, self-efficacy 
was included in the extended TAM and the extended TAM is attempted to be utilized 
to explain users’ behavior to smartphone use in this study.  

Finally, which external variables contributing to the acceptance of smartphone is 
another important purpose of this study. Like the diffusion of innovation theory, per-
suasive social information such as peer influence, advertisement may increase 
people’s perceived usefulness of a service or technology [16]. Social influence here 
was defined as “the degree to which individual has the impression that others believe 
they should use advanced mobile services” [18]. Social influences have been demon-
strated to have an indirect impact, via PU, on people’s behavior intention. Lu et al. 
[13] proved that social influences can affect a person’s perceived usefulness of ad-
vanced wireless Internet. Therefore, social influence is considered as one of the main 
external variables.  

3 Research Framework and Hypotheses 

The purpose of this study was to examine the acceptance level of the smartphone 
technology and the factors that affect such an acceptance, and to explore the critical 
external variables affecting users’ attitude to use and perceived usefulness of smart-
phone. Based on the discussion in the previous chapter, the conceptual model of re-
search framework is proposed as shown in Fig. 1. It showed factors derived from 
extended TAM and external variables from literature and pilot study which may affect 
smartphone use. According to the research framework and the research purpose, hy-
potheses are proposed.  
 

 

Fig. 1. Research Framework 
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H1: Users’ self-efficacy to smartphone positively influences perceived ease of use.  
H2: Users’ self-efficacy to smartphone positively influences behavioral intention. 
H3: Perceived smartphone ease of use positively affects perceived usefulness. 
H4: Perceived smartphone usefulness positively affects behavioral intention. 
H5: Perceived smartphone usefulness positively affects attitude. 
H6: Perceived smartphone ease of use positively affects attitude. 
H7: Users’ attitude to use smartphone positively affects behavioral intention. 
H8-H10: External variables significantly influence users’ perceived usefulness of 

smartphone. 
H11-H13: External variables significantly influence users’ attitude to use smartphone. 

4 Experiment 

4.1 Pilot Study 

Research Instrument. The research instrument was a questionnaire which contained 
two sections. The first section contained questions relating to demographic informa-
tion (i.e., gender, age and education level). Using experience with smartphone, the 
manufacturer and model of user’s current smartphone, the most commonly used func-
tions, and suggestion for function improvement are also included.  

The second section contained items used to measure factors from extended TAM 
and the external variable social influence (SI), which are mainly from the study of 
Park et al. [15], Liu et al. [12], Zhang et al. [22] and Wang et al. [19]. Multi-items 
were used to measure each. A five-point Likert-type scale was used in constructing 
the questionnaire. The scale ranged from 1 (strongly disagree) to 5 (strongly agree).  

The questionnaire was constructed in English and was translated into Chinese by 
using the method of back-translation to make sure the translated Chinese does not 
violate the original meanings of the English questionnaire items. After back-
translation, the questionnaire was reviewed by three classmates to ensure clarity and 
face validity. 

Sample. A total of 188 valid questionnaires (130 males and 58 females) were re-
ceived. Respondents averaged 23.4 years of age (SD=1.25 years). All respondents 
were Chinese college students which consisted of 170 graduate students (90.4%) and 
18 undergraduate students (9.6%). 

Reliability. As shown in Table 1, the cronbach’s α of all variables were higher than 
0.7 and the cronbach’s α of the whole scale was 0.922, which mean the internal relia-
bility of the questionnaire was pretty high and acceptable.  

Table 1. Cronbach’s α in pilot study 

Variable Cronbach’s α Variable Cronbach’s α 
Self-efficacy (SE) 0.79 Behavioral intention (BI) 0.87 
Perceived ease of use (PEOU) 0.80 Attitude (AT) 0.86 
Perceived usefulness (PU) 0.86 Social influence (SI) 0.77 
Whole Scale  0.922   
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Results. The investigation also found that except making phones, the top three of the 
most commonly used function were internet (66.2%), chat tools (43.8%) and mobile 
games (32.1%). The improvement suggestions from respondents mainly focused on 
smartphones’ entertainment functions, compatibility and battery endurance ability. 

Based on these results, the questionnaire was revised. Except social influence, en-
tertainment utility and compatibility were also considered as important external va-
riables that contributing to smartphone acceptance. Items of entertainment utility (EU) 
and compatibility (CM) in the revised questionnaire were created based on the results 
of pilot study.  

4.2 Final Study  

Research Instrument. The first section of the questionnaire was the same as that in 
pilot study. The second section of the revised questionnaire contained 40 items about 
factors from extended TAM (i.e., SE, PEOU, PU, AT & BI) and external variables 
(SI, EU & CM).  

Sample. A total of 402 valid questionnaires (244 males and 158 females) remained 
for further analysis. Respondents averaged 21.4 years of age (SD=2.96 years). All 
respondents were Chinese college students which consisted of 138 graduate students 
(34.3%) and 264 undergraduate students (65.7%). 

Reliability. See Table 2 for cronbach’s α in final experiment. Cronbach’s α of the 
whole scale was 0.939, and except compatibility (cronbach’s α= 0.637), cronbach’s α 
for other variables were higher than 0.70. Thus, it could be concluded that the internal 
reliability of the questionnaire was acceptable. 

Table 2. Cronbach’s α in final study 

Variable Cronbach’s α Variable Cronbach’s α 

Self-efficacy (SE) 0.789 Attitude to use (AT) 0.860 

Perceived ease of use (PEOU) 0.868 Social influence (SI) 0.706 

Perceived usefulness (PU) 0.863 Entertainment utility (EU) 0.810 

Behavioral intention (BI) 0.830 Compatibility (CM) 0.637 

Whole Scale  0.939   

Descriptive Statistics. There were 20 manufacturers represented in final study, and 
the six most popular manufacturers accounted for more than 80% of the samples: 
Apple (22.9%), Nokia (19.7%), Samsung (14.7%), HTC (12.2%), Motorola (5.5%), 
Huawei (4.5%) and Mi (2.7%). 

Of respondents, as shown in Fig. 2 for using experience, 5.0 percent indicated that 
total using experience of smartphone was 4 years and above; 7.2 percent between 3 
years to 4 years; 17.2 percent between 2 years to 3 years; 25.4 percent between 1 year 
to 2 years; 21.9 percent between 0.5 year to 1 year; and 23.4 percent less than 0.5 
year. From these results, we can draw that smartphone is more and more popular 
among Chinese college students.  



 The Acceptance and Adoption of Smartphone Use among Chinese College Students 455 

  
Fig. 2. Respondents’ using experience of smartphone 

Hypotheses Testing.  

Extended TAM. The extended TAM including self-efficacy (H1-H7) is analyzed 
through structural equation modeling using AMOS. The results were provided in Fig. 
3 and Table 3. 

H1-H7 tested the causal relationships demonstrated in extended TAM. As shown in 
Table 3, except AGFI, other adapter indexes all met the adapter criteria, which mean 
that using the extended TAM to explain the acceptance of smartphone among Chinese 
college students was pretty well. From the results in Fig. 3, this study confirmed the 
majority relationships of the extended TAM.  

 

 

Fig. 3. Test results of extended TAM (*p<0.01, **p<0.001) 
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Table 3. Adapter index of extended TAM 

Absolute adap-
ter index 

Adapter 
criteria[21] 

Value-added 
adapter index

Adapter 
criteria 

Contracted 
adapter index 

Adapter 
criteria 

GFI: 0.914 >0.90 NFI: 0.92 >0.90 PGFI: 0.697 >0.50 

AGFI: 0.887  >0.90 RFI: 0.903  >0.90 PNFI: 0.76 >0.50 

RMR: 0.034  <0.05 IFI: 0.96  >0.90 CN: 401.94 >200 

RMSEA: 0.048 <0.05 TLI: 0.951  >0.90 NC: 1.938 1<NC<3 

  CFI: 0.959 >0.90   

 
Supporting H1, Self-efficacy was found to have a significant effect on PEOU 

(β=0.791, p<0.001). This implied that if college students felt confident about using 
smartphone they generally demonstrated a higher perceived ease of use. Supporting 
H3, PEOU had a significant positive impact on PU (β=0.562; p<0.001). Supporting 
H5 and H6, PU positively determined attitude to use smartphone (β=0.792; p<0.001) 
and had a positive impact on behavioral intention to use (β=0.229; p<0.01). Support-
ing H7, Chinese college students’ behavioral intention to use was largely influenced 
attitude to use (β=0.704, p<0.001).  

 These results indicated that the attempt of extended TAM into the investigation of 
college students’ behavioral intention to use smartphone was successfully demon-
strated in this study.  

External variables. H8-H13 examined the relationship between external variables and 
factors of extended TAM, especially, the influence of external variables on users’ 
perceived usefulness of smartphone and attitude to use smartphone. Regression analy-
sis was used to test this relationship. The results (see Table 4) indicated that social 
influence, entertainment utility, compatibility all had a significant positive impact on 
user’s perceived usefulness of smartphone (β=0.398, β=0.410, β=0.580; p<0.0001) 
and user’s attitude to use smartphone (β=0.406, β=0.395, β=0.617; p<0.0001). 

These results were easy to understand. On one hand, mobile games are very popu-
lar among young people in nowadays, so the entertainment utility of smartphone is 
important to them. On the other hand, the initial purpose of smartphone invention was 
to give users a single solution for all personal communication needs and to make us-
ers life more convenient. However, if the smartphone is not compatible with other 
devices like laptop, it will make the life more complex than before, which is against 
its initial purpose. In addition, China is collectivism culture and Chinese behavior was 
easily affected by external factors. Especially, for Chinese college students, they are 
just free from high school and without parents’ control. Their behaviors were quite 
easy to be affected by peer and society. Thus, social influence to their behaviors was 
understandable. 
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Table 4. Regression analysis for external variables 

Hypotheses Relationship R2 Standardized coefficients Results 

H8 SIPU 0.159 0.398 Supported (p<0.0001) 

H9 EUPU 0.168 0.410 Supported (p<0.0001) 

H10 CMPU 0.337 0.580 Supported (p<0.0001) 

H11 SIAT 0.165 0.406 Supported (p<0.0001) 

H12 EUAT 0.156 0.395 Supported (p<0.0001) 

H13 CMAT 0.381 0.617 Supported (p<0.0001) 

Notes: PU – Perceived usefulness; AT – Attitude to use; SI – Social influence; EU – Enter-
tainment utility; CM – Compatibility. 

5 Conclusion 

User’s perceived acceptance under TAM and external attributes have been previously 
explored, this study extended prior research by providing research constructs for Chi-
nese college students, especially found the external variables which affect acceptance 
of smartphone. Our findings confirmed the majority relationships of the extended 
TAM (SEPEOUPUATBIactual use). The results also showed that attitude 
to smartphone use among college students was found to be affected significantly not 
only by PEOU and PU, but also by social influence, entertainment utility and compa-
tibility among college students.  

These findings imply that the smartphone manufacture should pay attention to the 
entertainment utility when designing smartphone for college students. Meanwhile, 
compatibility of smartphone should be taken into serious consideration during design-
ing the man-machine interactive interface for young people, especially college stu-
dents. Besides, according to suggestions from respondents, the battery endurance 
ability, which was an essential problem for smartphone and hadn’t been studied in 
this study, would be studied in the future study.   
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Abstract. The aim of the present study is to examine what rationality condi-
tions are ignored and why it happens when users have more than one dimension 
in conflict, such as perceived security and usability in the online banking use 
experience. In a controlled experiment, thirty subjects used two different online 
banking authentication interfaces: a fingerprint interface and a normal four-step 
interface, in a reverse order. The empirical findings revealed that a different 
combination of rationality conditions was employed based on a change from ef-
fortless interaction (e.g., the fingerprint) to effortful interaction (e.g., the four-
step logon system) or vice versa. We also provided some design implications 
for HCI practitioners, and proposed a new approach to evaluate user expe-
riences as there are benefits and drawbacks mixed in user interface design. 

Keywords: Prospect theory, Decision making, Perceived security, rational ig-
norance, user experience. 

1 Introduction 

HCI practitioners and designers often encounter two or more design factors in conflict. 
For instance, the aesthetic aspect of design and its relationships to other design dimen-
sions, such as usability and usefulness, have gained significant attention in the design 
community (e.g., [7]), in particular, when these two or three aspects cannot be in parallel. 
Recent, the relationship between usability and its privacy concern has also become a 
focus in social media design (e.g., Facebook). In a similar vein, the friction between us-
er’s security and usability in online banking system design has been much in the fore-
ground (e.g., [3,6]). In certain cases, it is necessary, for the purpose of security, to include 
behavior that is complex. Conversely, it is also possible to weaken the security of a sys-
tem by simplifying or automating certain elements, which usually improve usability. 
These mixed interpretations imply that a certain level of in-security (or “un-usability”) in 
a system is inevitable for usability (or security). Online banking users seem to accept a 
certain level of insecure system for the sake of usability, and vice versa.  
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As depicted in Figure 1, Kahneman and Tversky [5] described the asymmetric val-
uation of gains and losses, concave for gains and convex for losses, where in general, 
losses are weighed heavier than gains of the same absolute value. Thus, people are 
prone to have loss aversion and there is relatively a diminishing sensitivity for higher 
absolute deviations in gains. One important consequence of loss aversion is the en-
dowment effect and the status quo bias (ibid.). The endowment effect means people 
are less likely to give up the old benefit against a new one unless it is alarmingly ac-
ceptable. This implies that our innate bounded rationality limits our ability to acquire, 
memorize, perceive and process all relevant information, and it makes us rely on sev-
eral very simplified mental models, approximate strategies and heuristics. These also 
suggest that HCI practitioners need to replace theoretical quantitative approaches with 
descriptive qualitative evaluations, to assess user experiences.  

In this context, we carried out an empirical study of online banking system use, 
which inevitably have two conflicting rationality conditions (i.e., usability vs. securi-
ty), in which people would assess the loss and gain with a contingent trade-off. 

3 An Empirical Study: Online Banking System Design  

The experimental setting in the present study deliberately involved two mixed ratio-
nality conditions to be used by the participants: security and usability. In so doing, 
two types of online banking authentication interface were developed: a fingerprint 
logon (single-step), and an authentication by entering four different personal identity 
data. It is assumed that each interface has a different level of usability and perceived 
security. The experiment was to examine changes in user’s rationality conditions 
when they used both, but in a reverse order (i.e., one group used the fingerprint inter-
face first and then the four-step logon, and the other used them in the other way 
round). 

3.1 Method 

Participants. Thirty students (15 males, 15 females) in a tertiary institution voluntari-
ly participated in the study, all of whom had no prior experience with any fingerprint 
systems. We presented them with a simulated online banking system equipped the 
two ways of authentication (see Figure 2). Half of the participants first used the fin-
gerprint logon system (Figure 2b), and then the four-step logon system (Figure 2a), 
which included id, password, date of birth, and email address registered by them-
selves before the experiment (hereafter this is called as Condition I). The other half 
used both too, but in the reverse order (Condition II).  

Apparatus/Procedure/Design. Prior to the experiment, all participants needed to regis-
ter their fingerprints. In the main experiment, they only needed to scan their index finger-
tip on the fingerprint reader, which virtually simulates a single-step logon process. Once 
they used each online banking authentication system and performed several transaction 
with the two interfaces, all of them rated the two statements on a five-point Likert scale, 
respectively: “It was easy for me to use the online banking system’’; “I would feel totally 
secure to use the online banking system’’. At the end of the experiment, the participants 
were asked to choose one of them for their preference. 
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Table 1. Mean scale ratings (standard deviation) 

Condition/Order Security Usability 

C
ondition I 

1. Fingerprint  4.20 (0.56) 4.40 (0.74) 

2. Four-step 4.53 (0.52) 2.60 (0.63) 

d’ +0.33 −1.80 

C
ondition II

1. Four-step 4.27 (0.59) 3.93(0.59) 

2. Fingerprint 4.60 (0.51) 4.87 (0.35) 

d’ +0.33 +0.94 

Conversely, with the participants who first used the four-step logon system (Condi-
tion II), the fingerprint logon interface was perceived as being more secure (mean 
4.27  4.60, d’=+0.33), positively shifting the ratings of security. Likewise, they 
rated the usability of the fingerprint highly (mean 3.93  4.87, d’=+0.94). Thus, the 
sample participants developed their rationality conditions of the fingerprint system in 
a mixed way based on both usability and security. 

5 Discussion 

Although statistical comparisons of the two conditions are inappropriate due largely 
to the order of the systems exposed to our sample population, this trial does demon-
strate that the rationality conditions are quite different. We tried to interpret these 
phenomena according to the systematic psychological deviations from rationality that 
might affect individual decision-making, and how this understanding can help HCI 
practitioners to design novel user experiences. 

5.1 Loss-Aversion and Rational Ignorance: Condition I 

In Condition I, the conversion from the fingerprint logon (effortless interaction) to the 
four-step logon system (effortful interaction) would make our participants to perceive 
both gain and loss. From the perspective of gain, only minor increment (+0.33) was 
observed in security. However, the loss is much greater than the gain (-1.80) in terms 
of usability. Thanks to this inconsistent prospect, many users would take loss-aversion  
decision if there are no clear mental models of the gain given. That is the reason be-
hind why the fingerprint interface was preferred by our participants (see Figure 3). 
The shaded area in Figure 4 confirmed that the motivation of loss has a greater impact 
than the motivation of gain does, in making a decision on their preference. In particu-
lar, even though the four-step interface seems to be more secure than the fingerprint  
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interface, it can be seen that our subjects consider the gains in security negligible. It 
might be due to the fact that security is an abstract and future value, which might not 
be authentic, as people have no such mental models to highly weigh the gain. This 
consequently demonstrated ‘rational ignorance’ regarding security, which is in line 
with Herley’s study [4]. 

 

Fig. 4. A comparison of motivational value and the prospect theory of analysis of relationships 
between perceived security and its usability in Condition 1 

5.2 Endowment Effect and Rational Ignorance: Condition II 

Condition II can be rather distinctively interpreted. The fingerprint interface was posi-
tively rated than the four-step interface in both dimensions. There are extra gains in terms 
of both security (+0.33) and usability (+0.94) (See Figure 5). However, on the contrary to 
Condition I, only half of the participants preferred the fingerprint logon experience. This 
seems to be irrational, because even though the fingerprint use experience was highly 
rated in both dimensions, our participants did not show any preference to the interface. 
This interpretation is relevant to user experience change from effortless interaction (e.g., 
the fingerprint) to effortful interaction (e.g., the four-step logon). 

Put it simply, when he or she needs to adopt a new interaction style, she needs to 
learn the new interaction with effort. Of course, because she is accustomed to the old 
system, she does not want to use further efforts to adopt the new interaction. Hence, 
when she needs to adopt the new interaction style, it is highly associated with the 
decision under risk. If the perceived risk is greater than gain expected, she would be 
reluctant to take the risk. Otherwise, she will take the new interaction style. That said, 
our participants in Condition II seem to show risk-aversion thanks to the gains (0.33 
for security and 0.96 for usability) from the change negligible and do not mind the 
complicated logon procedure. This is much in line with endowment effect [3,5] which 
means that people tend to place a higher value on objects, concepts, and beliefs they 
already own (in Condition II, the four-step logon user experience) relative to new 
ones they do not (in Condition I, the fingerprint interface). This case also seems to 
demonstrate rational ignorance on the extra gains from both security and usability. 



 Modeling of a Human Decision-Making Process with Prospect Theory 465 

 

 

Fig. 5. A comparison of motivational value and the prospect theory of analysis of relationships 
between the perceived security and usability in condition II 

6 Implications for User Experience Design 

Experience design is getting tricky due to the fact that individual’s decision-making 
varies depending on their prior experience that is also subjective. In addition, the sys-
tematic psychological deviations resulting from loss-aversion and endowment effect 
[3,5] would cause irrational or biased behaviors that might be quite different from 
what the designer has originally thought of. Behind this approach, it can be seen that 
the designer wrongly assumes that users do not possess a set of pre-defined prefe-
rences for every contingency of user experience. However, our experiment showed 
that it is more likely that user’s preferences are constructed in the process of making a 
choice or judgment. That being said, the context and procedures involved in making 
choices or judgments influence the preferences or preferred experience that are im-
plied by the elicited response. In practical terms, this means that behavior is likely to 
vary across situations that HCI practitioners might have considered as identical. An 
evaluation dimension, which is unequivocal in theory, might produce different out-
comes if its exposing sequence (in our experimental scope) against other evaluation 
dimensions influences the evaluation outcome.  

For instance, in Condition I, when there is a potential gain in security (even this is 
an abstract value) by the four-step logon system compared to the guaranteed loss of 
making the poor-usability decision (this is a concrete value), the twelve users (see 
Figure 3) would not be much inclined to take the risk (i.e., prefer the fingerprint inter-
face to the four-step one). This means that these users might have status quo bias, and 
how this bias would be associated with experience design is in urgent need of further 
investigation by HCI designers. Similarly, in Condition II, the eight users who did not 
prefer the fingerprint interface, though they saw the gains of the interface, cannot be 
interpreted by conventional HCI evaluation methods. In this regard, the results imply 
that users might subjectively perceive both loss and gain although both of them are 
objectively measured, and their contingent trade-off is much susceptible to rational 
ignorance, consequently affects what would be shadowed. However, if a clear mental 
model of gain or loss is sufficiently given, the prospect of the risk can be  
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re-calculated; then people would re-assess the loss and gain with more rational con-
tingent trade-off. Hence, in experience design, it is first to determine what gains or 
losses of a design dimension might be rationally ignored by users. 

7 Conclusions and Future Works 

Based on theoretical principles and empirical findings above, we are currently work-
ing toward developing a framework for modeling rationality conditions of user expe-
rience. Our preliminary data showed that security and usability attitudes are complex 
but are also compatible with the explanation that loss aversion and the diminishing 
sensitivity of a higher absolute value (so that people have rational ignorance on the 
higher absolute value - status quo) could lead to underestimate security and overesti-
mate usability. In conclusion, we do not support a linear model of user experience to 
describe individual preference, though we acknowledge that the current experimental 
setting is somewhat arbitrary and not perfect to pinpoint what user experience would 
be disclosed by the experimental setting. A further work on individual’s biased beha-
vior and the experimental validation are still needed. 
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Abstract. The design concept of user experience has been popularized and 
widely accepted in Taiwan. Many companies have successfully transformed 
from OEM into ODM, and even created their own brand by establishing their 
internal user experience design department. However, the current user expe-
rience research and design in Taiwan focusing too much on mainstream prod-
ucts is going to make the field become another red ocean. In order to prevent 
another outbreak of price war, the Taiwanese government has put in extensive 
resources to assist Taiwan's well-known brand companies in R&D, expecting to 
develop and establish a new product benchmark via the researches on special 
consumer groups. This research introduce an actual government funded project 
of ASUS focusing on developing an electronic platform for a special consumer 
group, Tzu Chi. By going through a series of user experience design and re-
search process, we eventually retrieve some valuable points which could be 
beneficial to the design of future e-reader.  

Keywords: E-Reader, User Experience Design, Contextual Inquiry. 

1 Introduction 

The design concept of user experience has been popularized and widely accepted in 
Taiwan. Many original equipment manufacturers (OEMs) engaged in consumer elec-
tronics have established their internal user experience design department and invested 
greatly on resource and manpower. Owing to the introduction of this concept, most 
companies have successfully transformed from OEM into ODM (original design 
manufacturer), and even created their own brand. 

Such brand companies with user experience design capacity mainly undertake the 
development, design and manufacture of mainstream consumer electronic products, 
with the design experience mainly focused on office workers aged 20- 40 years old. A 
few years later, precious user experience data about these target users, such as cultural 
background, lifestyle, visual preference and mental model, have been obtained via 
systematic methods in not only Asia-Pacific areas but the whole world.  
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However, the redundant researches on the above-mentioned target group have re-
sulted in the excessive concentration of popular products and are guiding Taiwan's 
consumer electronic industry to another red ocean which may drain the value of user 
experience design, outbreak another price war, and return to the old road of OEM. 
Being aware of such dilemmas and realizing the importance of developing new Blue 
Ocean Strategy, the Taiwanese government has put in extensive resources to assist 
Taiwan's well-known brand companies in R&D, expecting to develop and establish a 
new product benchmark via the user experience design and research of special groups.  

Hence, by introducing an actual research and design case subsidized by the Tech-
nology Development Program of Taiwanese government, this study illustrates how a 
government supported project of a brand company (ASUS) focuses on the user expe-
rience design and research of special consumer groups (Tzu Chi) and what innovative 
ideas based on the findings in the research are proposed. 

2 Case Background 

2.1 Technology Development Program (TDP) 

The full name of TDP is called Technology Development Grants Program [3], which 
is the economic development program administered by the Ministry of Economic 
Affairs, Taiwan. In this program, government provides funds to enterprises to share 
the risks, encourage the developments on risky technologies, cultivate professional 
talents and create opportunities for new innovative companies. 

2.2 ASUSTek Computer 

Established in 1990, ASUS originally focused on motherboard development and 
manufacture. The company became famous for its notebook PC in 2001 and created a 
wave of subnotebooks in 2007 with its Netbook EeePC. In recent years, it concen-
trated on tablet computers and made the tablet computer market become more diversi-
fied. The Asus Design Center [2] was established in 2001 focusing on the design and 
R&D of all ASUS products with its offices distributed in Taiwan, Shanghai and Sin-
gapore. Its User Experience Design Department was set in 2007.  

2.3 Tzu Chi and Its Electronic Platform 

Tzu Chi [4] is the largest Buddhist charity team founded in Hualien by Master Zen 
Yen in 1996, mainly undertaking the businesses of charity, education, medical service 
and culture, with more than one million volunteers all over the world. Since the mem-
bers have to read the instructional talks by the Venerable Master and Buddhist scrip-
tures, as well as learn the activity messages and donation fundraising projects, it au-
thorized ASUS to develop an electronic platform for Tzu Chi. By 2011, a total of 
5000 Tzu Chi electronic platform of Generation 1 have been manufactured and put 
into service for Tzi Chi members. After learning the joint development of an electron-
ic platform between Asus and Tzu Chi, the Ministry of Economic Affairs encouraged 
them to apply for the Technology Development Program to start the improvement of 
Generation 2, so as to enhance the R&D investment in special groups. Furthermore, 
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apart from deeply studying about user experiences in electronic platform of special 
groups, it also hopes to set another trend via the newly created electronic platform as 
well as ASUS' brand experiences. 

3 Research Method 

Entrusted by Asus, the user experience research and design team, AJA Creative De-
sign [1], conducts the improvement researches on the first generation of Tzu Chi's 
electronic platform and puts forward the design concept for the second generation. 
Based on the user experience research methods, including interview, contextual in-
quiry and participatory observation, the team tries to figure out the potential design 
strategies and creates an interactive design prototype to conduct design communica-
tion and user testing. All the experiment processes of the three methods are recorded 
in videos and audio materials which are further analyzed by using method of protocol 
analysis.  

3.1 Interview  

Six Tsu Chi members who have been long-term users of the Generation 1 electronic 
platform were interviewed. Through the open interviews, the users' subjective opi-
nions on using the platform were obtained. During the interviews, the users were re-
quested to operate the platform to achieve the specified tasks, such as reading the 
instructional talks by the Venerable Masters, reading Buddhist scriptures, searching 
for activity messages, writing reading notes of book club and raising donations. The 
researchers asked further questions depending on the users’ special operating beha-
viors (Fig. 1).  

 

Fig. 1. The actual interview scenario 

3.2 Contextual Inquiry 

Another six Tzu Chi members were selected to undergo the contextual inquiry, which 
practically observes the operation of electronic platform by users in actual contexts, 
such as Tsu Chi Bodhimanda, fundraising aspect and their homes. During which, the 
researchers asked questions to deeply understand the various ways of using under 
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different contexts. In addition to the set contexts, they also observed and recorded the 
users' related life contexts (when not using the electronic platform), expecting to dig 
out the users' potential demands. 

3.3 Participatory Observation 

Considering the regular reading group by Tsu Chi members every week, the study 
selects the co-reading contexts of a large size (100 persons) and a small size (ten per-
sons) to conduct the participatory observation (Fig. 2). The researcher acted as one of 
the members to participate in the reading group and interact with the users, so as to 
observe and record dynamically.  

 

Fig. 2. The small size reading group 

3.4 Design Strategy 

Through the above-mentioned research methods, the team conducts the protocol analysis 
of the 15 hour-long audio-video materials. The analysis encodes the materials based on 
the keyword definition and classification, so as to find out the specific repetitive activities 
and behaviors. Finally, the study summarizes the users' top five demands, whereby the 
design team further obtains five design strategies including providing up-to-date informa-
tion, simplifying e-book classification, enabling intuitive sharing, increasing the speed of 
taking and searching notes, and linking related information. These strategies are further 
transferred into actual design solutions in the next stage.  

3.5 Design Prototype 

Synchronizing with the Tsu Chi Information Center . The instructional talks by 
the Venerable Masters are all uploaded to the website via the Tsu Chi Information 
Center to enable the members to access them immediately. However, the study finds 
out that the on-line information requires users' initiative in searching, while accessing 
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the internet information is not easy for Tsu Chi members who intensively work out-
side or those middle-aged and elder. Consequently, the study proposes to add dynam-
ic instructional talks and activity information on the portal of the electronic platform 
to push information to users actively (Fig. 3). 

 

Fig. 3. The designed portal with dynamically pushing information 

Replacing Folders by Label Classifications . Most of the electronic Tsu Chi scrip-
tures have been digitalized already and can be downloaded into Tzu Chi electronic 
platform easily via internet. However, due to the large quantity of scriptures, it is not 
easy to search the one required, thus the willingness and frequency of users to read 
electronic scriptures are reduced. Accordingly, the study suggests displaying the fre-
quently-read scriptures on the portal of the electronic platform and adding dynamic 
label classifications to replace the stable classification folders (Fig. 4). 
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Table 1. Fig. 4. Using tagging system for classifying a great amount of scriptures 

Synchronizing Multi-person Sharing Screen . How to share the desired contents to 
the members in the reading group or achieve the sharing result is another demand that 
needs to be satisfied in this study, since both the Tzu Chi electronic platform and the 
existing e-readers on the market fail to provide such services currently. In this study, 
the researchers put forth that the participators of a reading club can be connected via 
internet and be visualized on the platform, so that their contents can be shared to eve-
rybody by clicking the specified participators. The sharing modes contain both whole 
screen sharing and individual selection (Fig. 5). 



 Designing Government Funded Religious E-Readers 473 

 

 

Fig. 5. Sharing content to group members by easily selecting and clicking 

Note Marking and Content Labeling . It is a common behavior requirement of Tsu 
Chi members to write down important messages on papers or sticky notes anytime 
anywhere. Hence, the study presents that if the functions of easy-notes and easy-
search are embedded into the electronic platform, a better user experience can be 
created. Users can just click the texts to be commented on and make notes in the pop-
up noting-window; besides, a bookmark label will be shown on the side area of the 
platform screen to indicate the locations of the comments, so that they can be found 
quickly by clicking the labels (Fig. 6). 
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Fig. 6. Simply selecting texts pops up a note taking window and a label at the side 

Direct In-Time Searching by Selecting Texts . Extended reading is a frequent re-
quired demand, when Tsu Chi members read scriptures. They often intensively switch 
from one scripture to another relevant one to look for quoted information. As a result, 
the automatic searching among different e-books is one of the primary functions that 
must be provided by the electronic platform. The study proposes to activate the 
searching in both online and electronic libraries when the users select specified texts, 
and then display search results dynamically to the users.  
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Fig. 7. Selecting a sentence triggers relevant content searching among e-books in both digital 
and online libraries. 

3.6 User Testing 

After implementing an interactive prototype, another six Tsu Chi members were in-
vited to conduct the users testing. The testing adopts contextual inquiry, namely, op-
erating designated tasks in specific contexts by users. Similarly, the whole process is 
recorded in videos and audios to conduct protocol analysis. 

4 Analysis and Discussion 

In the last user test period, we found several interesting and important points. First, 
the user thinks the dynamic information center on the portal is very useful, as they 
will not miss important activities in this way. In the past, most of the activity informa-
tion was delivered by word of mouth, which often lacks timeliness. Second, with 
electronic scriptures categorized by tags, the Tzu Chi members who are mostly over 
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forty years old don’t have to memorize the folder where they saved the e-scriptures. 
Third, in the past, it was difficult for attendees to quickly find the content the sharer 
was talking about when using the electronic platform in the reading group. The func-
tion of synchronizing and sharing information makes their reading more efficient. 
Fourth, in the past, the user often wrote down the key points on the notepad while 
reading the scriptures. Now, the intuitive note taking realizes in the electronic plat-
form so that the user doesn’t need a notepad or miss any important information. Fifth, 
the function of in-time searching improves the quality of reading due to not being 
interrupted by the search for other scriptures. 

Of course, there are also some problems that need to be improved. First, the cha-
racter size must be enlarged to make it easier to read; secondly, the note labels should 
be large enough for users to find and click easily; and lastly, the handwriting area 
shall be expanded for convenience. However, all three points are main requirements 
of elder users, and researches on such visual capacities are relatively few in this study. 

5 Conclusion and Future Research 

The e-reader will become a trend in future development. Current products on the 
market pay more attention to the individual reading needs and the acquisition of read-
ing content. But in this paper, it is found that the needs of group reading and the inte-
gration of the e-reader with the dynamic information platform are both needed by a 
special group like Tzu Chi. Though lacking in evidence, we believe that the findings 
and design of this study are very likely to be useful and successful when applying on 
ordinary users. A case in point is the co-reading mode. It is possible that the encou-
ragement of e-reading through the integration of the co-reading function and its appli-
cation to teaching will bring about another e-reader trend. 
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Abstract. McLuhan’s “media is the message” has never been more relevant 
than in the age of the ubiquitous digital media. The social influences by the peer 
group and access to information of all kinds leaves the door open to influences 
that may or may not necessarily be positive. The access to communicate to 
large groups of people relatively easily and quickly has the impact of impacting 
social dynamics, by reducing social inhibitions, and redefining normative 
actions. More importantly there are potential short-term and long-term 
implications for these actions. This paper explores some of these influences and 
consequences as well as actions that adults can potentially take to sensitize and 
curb potentially damaging behaviors among teenagers.  

Keywords: Social networking, digital media, Internet, mobile phones, chats, 
facebook, twitter, SMS, instant messenger, Tumblr, email. 

1 Introduction 

The wide proliferation of digital media with its versatile functionality that enables 
wide outreach to people is fundamentally changing the way teenagers communicate. 
With the proliferation of information, teenagers have access to a wealth of 
information that can enrich their academic lives and provide tools that promote 
collaboration and group work.  

However, the negative unintended consequences of social media can be extremely 
severe. Fundamental social norms are being redefined. The socio-psychological 
impact of these actions can be extreme, leading to irreversible consequences in some 
cases. While change is inevitable, when it is rapid and disruptive, it raises questions 
about protecting the youth from itself.  

Social media is redefining social norms of communication among teenagers and 
potentially increasing the impact of peer groups as a source of influence compared to 
that of authority figures such as parents, teachers, and other elders. This paper 
examines various factors that enhance or control the effect of social media, both 
positive and negative. 

2 Methodology 

Insights were derived from in-depth interviews of 10 teenagers, four women and six 
men between the ages of 13-19 years. Most of these interviews were conducted in the 
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homes of the participants. They were encouraged to demonstrate the use of social 
media through various devices. All the participants had access to a mobile phone and 
a laptop.  

The criteria for the selection of these participants was that they should be teenagers 
with access to a Smart Phone and have the consent of their parent/guardian to 
participate in the study. The insights from the participants were extremely personal in 
nature in the case of some of the participants. These may potentially be attributed to a 
selection bias. Nevertheless, the insights are relevant for the situational contingencies. 

3 Digital Experience 

According to Pew Internet & American Life Project, fully 95% of all teens ages 12-17 
are now online and 80% of those online teens are users of social media sites. 70% of 
these go to the Internet daily and about 46% visited multiple times a day in 2011 
which was doubled since November 2004. About 80% of the teenagers go to social 
networking site such as Facebook and Twitter. Girls tend to use the Internet 
significantly more than boys and teens from families with less than $50,000 annual 
income tend to use the social media sites about 11% more than teens from families 
with more than $50,000 annual income (Lenhart, Madden, Smith, Purcel, Zickuhr, 
Rainie, 2011).  

In this qualitative study, in the case of half of the participants, their household also 
had a desktop computer that they had access to but they used it rarely. The sample 
may be biased because they were from the San Francisco Bay area which is the hub of 
the Silicon Valley with significant adopters of technology with high use. 

Participants demonstrated that they had a seamless digital experience across 
devices. Their digital lives took a significant proportion of their time.  

4 Parental/Adult Control 

The influence of the peer groups was significant even outside the school and within 
the home environment. Several teens checked their social networking sites including 
Facebook, Tumblr, Instagram, SMS, and email multiple times. There appears to be an 
addictive effect of the digital experience for some of the teens. For instance, one of 
the parents of a teenager who took part in the study imposed strict controls on access 
to the Internet through various devices including a Smart Phone. When the teenager 
was given access to the Smart Phone during the duration of the study when the 
researchers visited his home, he divided his attention between responding to the 
questions of the researchers and playing an interactive game with his friend. His 
explanation was that he needed to maximize all the time he could have with the 
device to play and win the game with his friend. He admitted that he often cheated 
and took the phone surreptitiously from his parent’s hiding place to connect with his 
friends digitally despite having dedicated face time with his friends provided by his 
parents. 
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Another teenager reported that his parents had blocked access to the Internet on his 
phone over the weekdays when he was home and they required all the children to do 
their work in a common area to ensure transparency. He reported that he had hacked 
the password and often texted his friends without the knowledge of his parents. The 
desire to remain connected constantly appears to be a combination of a need for 
satisfaction experienced from social connectedness to the peer group as well as peer 
pressure of being able to communicate with his friends at all times. Often this 
connectedness did not translate into a higher quantity of participation. However, it 
appears to be important to some of the teens to be in the know as the communication 
unfolded. Most of the communication appears not to have much depth in thought. In 
some ways, this need for constant connectedness with one’s peer group appears to 
come at the cost of the strength of relationship within one’s family.  

One of the teens explained that if he did not participate in real time to the events as 
he termed his friends’ communication, then he would feel that he missed out from the 
experience. A few of the teens reported being adept at subterfuge where they 
appeared to be engaged in the academic work but were in fact multi-tasking by 
interacting with multiple groups. 

Research has demonstrated that when individuals multitask, the quality of their 
work is deeply impacted negatively (Jacobsen & Forste, 2011). The disruptive 
influence of these facilitated social media appears to impact the amount of learning 
and the depth of understanding of academic material when their concentration is 
repeatedly interrupted by messages by the social group they belong to either through 
primary membership or secondary membership. 

4.1 Parental Boundaries 

The family structure and the strength of family ties also appeared to have a strong 
impact on the teenagers’ academic performance. Teens from homes with strong 
parental involvement and controls tended to be high achievers compared to teens from 
families where parents were either extremely liberal in their parenting styles and 
allowed the teens the freedom to engage with digital media, did not have the time to 
monitor them, or had a dysfunctional relationship with each other.  

Although this is a qualitative research, teens with lax parental controls tended to 
have relatively lower grades. Both the parents and teens from such household tended 
to have lower aspirations for advanced academic career compared to families where 
parents tended to provide more restrictions (whether completely successfully or not) 
on the time their children spent on the Internet in social media sites. Interestingly, this 
also seemed to correlate with the socio-economic status of the parents. When parents 
did not have a college education, they tended to be more relaxed about their children’s 
media usage.  

Weak Parental Boundaries 
In one of the families, the mother found the word monitoring her children’s time as 
being offensive. She said that her children were good and did not require being  
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monitored. She said that she aspired to be a friend to her children and wanted a 
trusting relationship and not one where she dictated how much time and when her 
children used the Internet or spent time on social media.  

In the case of another teenager, one of the parents had abandoned the mother and 
the mother aspired to create a close bond between herself and her children. As a 
consequence, she not only provided them with all the digital devices they asked for, 
but did not set any firm responsibilities or schedules. She claimed that her children 
were her best friends and therefore her responsibility was to keep them safe, well-fed, 
and driven to school on time. Other than that, they were responsible individuals who 
should portion their time as they saw fit. 

When parents had a dysfunctional relationship with each other, the influence of the 
peer group tended to be significantly higher. In the case of one of the teenage 
participants, she sided with one parent and blamed the other parent for the difficult 
relationship between her parents. As a consequence, she deliberately disregarded the 
controls placed on the amount of Internet time and openly flouted the rules of the 
parent she blamed. The other parent supported the disrespectful behavior of his child 
in the game of one-upmanship. This often resulted in significant and loud arguments 
between the parents. As a consequence, the teen relied more on the support and 
advice of his peer group (which consisted of other members of similar age group that 
lacked the maturity to provide sound advice). This over reliance on the peer group 
also became a substitute for peaceful productive interactions she lacked in her home 
environment. 

In the case of one of the families, the young adult son tended to stay out at all hours of 
the night and came home whenever he felt like it to sleep. His education at a community 
college was interrupted because of his party schedule that he said was facilitated by the 
social media. His peer group texted each other and planned party events on social media 
sites. However, he demonstrated more concern for his teenage siblings than he did for 
himself. He did not want his brother and sister to follow his footsteps and tried to impose 
rules on them. The father on the other hand did not connect his young adult son’s 
behaviors with his own lack of parental rules and appeared frustrated that despite his 
giving his son all the freedom to do the right thing, he was choosing the wrong path. He 
also did not set any rules for his younger children and instead expressed hope that they 
would demonstrate more sense compared to his elder son.  

With most of these interactions with other teens happening in group chats or 
comments on social media sites such as Facebook, private situations often become 
public spectacles with a permanent record in the ether world. For instance, one of the 
participants reported that someone on his Facebook friends group used cuss words to 
describe her parents because they insisted on her completing her household chores. 
Although he felt it was an inappropriate forum, he was also understanding about her 
frustration. In another instance, students employed the social media as an acceptable 
venue to criticize the teaching skills of their teachers.  
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Strong Parental Boundaries 
In the case of one of the families, although both the parents worked outside home, one 
of the parents was home by 6 in the evening. In the case of two other families, the 
mother was a stay at home parent. In one of the families, the mother worked part-time 
and was also studying towards a professional degree.  

In the case of all these families, the dominant expectation was that the academic 
performance of the children should be strong. There was a spoken expectation of 
attending a four-year college and potentially obtaining a higher degree. The children 
were required to work in the common area to complete their homework and there was 
an expectation of transparency.  

Although the children tended to be creative to cheat and visited social networking 
sites through their tablets or phones or in some cases openly went to these sites 
professedly for academic collaboration, they had to be surreptitious about the amount 
of time and degree of non-academic related interactions. They also tended to feel that 
they were missing out while their friends had relatively more freedom to interact with 
each other without as much parental interference. However, the academic grades of 
these children tended to be significantly higher and they also tended to participate and 
achieve distinction in an extra-curricular activity.  

While the link between parental supervision and academic performance is well 
documented and not surprising, it is interesting to note that the teenagers from 
families with high supervision and expectations tended to feel left out (there was one 
exception).  

Not all parents were equally strict. One of the parents in the strong parental control 
group allowed her daughter to use Chat for academic purposes but understood that the 
daughter did not use it strictly for that purpose. She however required her daughter to 
give her access to her account but did not realize that her daughter had created an 
alternative account for her exclusive use. All these behaviors underscore the power of 
the social ties of the peer group that appear to be taking precedence or are at least 
more influential in the age of the digital media than in earlier generations. 

 
 

 

Fig. 1. Influence of Peers increasing pre Social Media (representation not statistical) 
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Fig. 2. Influence of Peers Post Social Media (representation not statistical) 

5 Social Media and Health Implications 

5.1 Cyber Bullying 

The social media is a powerful tool to target and bully specific individuals. The social 
networking group of these individuals ranged from about 600 to 1350 connections. 
None of the participants had employed any controls over who could view their page 
or content. Therefore, any post could be viewed by all their contacts and therefore a 
powerful tool for bullies to intimidate victims. 

Bullies have the ability to harness the power of the social group through social 
media tools to tag and besmirch the reputations of individuals. In extreme cases, such 
bullying has driven impressionable individuals to commit suicide as well (Kim, 
2008). The power to inflict significant pain is magnified with social media. While our 
study did not find such extreme outcomes, there were two instances where individuals 
reported discussing a girl in a derogatory language because she was involved in a 
relationship and the couple had broken up with each other. 

In the case of another instance, one of the classmates apparently had body odor. 
Instead of speaking to him directly, his classmates turned this into a discussion on the 
social media site thereby turning an embarrassing incident into a potentially 
mortifying one. The manifold impact of these discussions is potentially extremely 
painful psychologically for the targeted individuals (Sebastian et al., 2010). At the 
time when teenagers are crystallizing a sense of self, social isolation through 
ostracism can deeply impact how they view themselves at least in relation to others. 

5.2 Sleep Deprivation 

Multiple participants reported being active well into the night beyond their normal 
sleeping hours either actively participating or lurking in social media sites through 
mobile phones and computers (Rasmussen, 2012). Some of the participants were 
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inseparable from a digital device at almost all times. Access to text message was 
almost constant for at least half of the participants. The parent of one of the 
participants could hear the pinging sound of messages received well into the night. 
Sometimes the teenage participants woke up in the middle of the night to check the 
text messages received through SMS. Prevalence of sleep interruption reported tended 
to be much more among older teenagers than among younger teenagers.  Lack of 
sufficient sleep has been correlated with depression among teenagers. 

5.3 Gaming 

The amount of time spent on the Internet playing games online either through their 
mobile devices or the computer was significant. This had the impact of negatively 
affecting the amount of time they spent on academics resulting in lower quality of 
classwork and homework or delay in submissions of schoolwork. 

5.4 Sexting 

The prevalence of camera feature on computers as well as mobile phones and easy 
access to adult sites appears to correlate with the increase in sexting. In the 
MetroWest Adolescent Health Survey (2011), defined sexting as the act of “using the 
Internet, cell phones, or other electronic devices to send or forward nude, sexually 
suggestive, or explicit photos or videos of someone you know.” 

Two of the participants reported that their friends engaged extensively in sexting. 
This appears to be in line with the third person effect - it is generally easier to 
attribute non-normative behaviors to others rather than to oneself. The research on 
sexting is difficult as it is a challenging topic to discuss and generally requires long-
term interaction with participants.  

The potential for abusing the capability of sexted materials is immense where the 
recipients sometimes mass mail these materials to others either in a bid to increase 
their own social capital or to punish the sender when she or he breaks up with the 
recipient. This victimization of the senders of sexting material renders them 
vulnerable and violated. This has even led to the sender of sexting to commit suicide 
in some instances as reported by other sources (Celizic, 2009) although none of the 
participants in this study reported any drastic outcomes. 

6 Social Media as Collaborative Tools 

The power of the social media is not only dysfunctional disruptive, but it is also 
sometimes harnessed positively for significant and meaningful achievement. Some of 
the teenagers employed it to plan events and activities that had a positive impact both 
on an individual level as well as at a group and community level.  

When there was a hate group that planned to come to the school and demonstrate 
loudly with their message, some of the teenagers in the in the community 
communicated a plan to blunt the impact. They planned to hold a solidarity bonding 
singing songs promoting peace as a way to disrupt the impact of the hate group.  
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This rapid response could not have been achieved without the ability to connect to 
large groups of people rapidly through social connectivity facilitated through the 
social media. 

In another instance, one of the teenagers was an office holder of the Speech and 
Debate club in his high school and used the Chat and Facebook group to ensure that 
there was a meaningful exchange of ideas. He employed the social media tools to 
ensure those who could not meet physically to practice nevertheless shared the 
experience digitally.  

Two of the articipants employed the social media to place a video of their 
choreography for the benefit of their group for a group dance performance.  

Academic achievement is facilitated and enhanced when goal directed high 
achieving teenagers collaborate through social media. A meta analyses of 12 studies 
that examined various styles of learning concluded that cooperative learning that the 
social media enables, improves the learning of gifted and high achieving children 
(Neber, Finsterwald, & Urban, 2010). Almost all the teenagers employed the social 
media at one time or another to interact with their peer group to help or receive 
academic assistance and for positive learning experiences.  

7 Conclusions and Future Directions 

Clearly, social media have helped redefine social dynamics. While social media have 
tremendous power in affecting positive changes, they also appear to have a significant 
negative impact. These changes are more severe as they impact the fundamental 
normative behaviors in the impressionable minds of teenagers and young adults.  

The social media sites have taken the flavor of a town crier and reduced the 
boundaries of inhibition. With their peer groups not judging inappropriate behaviors 
and comments harshly, the social rudeness tends to become more acceptable. More 
troubling is the addictive need for remaining connected with peer groups at all times 
which appears to also lessen the impact of parental and other authority figures’ 
impact. In addition, it also has the tendency to affect both the physical and mental 
health of teenagers who use social media excessively.  

Parents and pedagogues may have to explore venues such as employing security 
features to limit the amount of time teens interact on social media as well as monitor 
the quality and content of interaction when it transgresses social norms and legal 
rules. 

When technology outpaces and dictates social change, the adults may have to 
explore ways of saving teenagers from themselves. 
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Abstract. In China, Sina Weibo is one of the most popular microblogging ser-
vices. The relationship between Weibo users’ microblogging behavior and their 
personality as well as demographics was addressed in current study. 498 users 
completed the online survey and their social networking data was downloaded 
based on the Application Programming Interfaces. The results showed that: 1) 
Weibo users’ personality was associated with some aspects of microblogging 
behavior, especially, Extraversion and Openness significantly positively corre-
lated with some aspects of microblogging behavior, while neuroticism signifi-
cantly negatively correlated with that; 2) There were associations between some 
demographical factors and some aspects of microblogging behavior, for in-
stance, the time spent in microblogging related to the age, educational level and 
monthly discretionary money, respectively. 3) The effect of gender on Weibo 
social networking size was significant, that was the amount of male Weibo us-
ers’ followers was significantly greater than that of female users’. 

Keywords: Personality, Microblogging, Sina Weibo, Demographics.  

1 Introduction 

As a new way to build relationship, Social Networking Services (SNSs) are being 
almost the first choice for countless users all around the world. For example, in the 
US, Facebook and MySpace have more than 117 million US visitors in 2009, which 
continue to attack wider range of users throughout the world [1]. Among all the SNSs, 
microblog has emerged as a new and popular platform for short, frequent communica-
tion which differs from the most SNSs in that the relationship of follower and follo-
wee doesn’t requires reciprocation [2]. One of the most popular microblog, Twitter, a 
microblogging service which established less than six years, has more than 510 mil-
lion users in July 2012[3]. However, in China, where Facebook and Twitter were not 
available, one substitute for twitter is Weibo, a Twitter-like social networking service 
established in August 2009. At the very beginning, only 13.8percent of Internet users 
used Weibo in 2010[4]; in 2011, almost half the Chinese Internet population (48.7 
percent) used the service—a total of 250 million users [5]. 

What motivates so many people to use this platform? A large amount of survey aimed 
at analyzing the motivations and usage of microblogging service. Most of the  
previous analyses involve two sorts of antecedents: 1) self-description, 2) demographical 
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factors [6]. Despite the increasing research on microblogging, the correlation between 
microblogging behavior and personality traits is not known very much. In the context of 
China, Sina Weibo is one of the most popular microblogging services. Based on this 
platform, we conducted this study to enhance the understanding of the relationship be-
tween microblogging behavior and personality traits as well as demographical factors. 

2 Methods 

2.1 Data Collection 

In our study, we mainly focused on the general active users of Sina Weibo. In order to 
select the target group from the population, we conducted the screening process in 
two stages. At the first stage, we aimed at getting the Weibo users’ ID as many as 
possible. Beginning with 100 users, we firstly downloaded the users' relationship 
network through breadth search by calling Sina Weibo’s open application program-
ming interface (APIs) in March 2012. Removing the repeated relationship, we got 
15,767,158 users’ IDs. Then we captured these users’ profiles, including the amount 
of their updates, followees and followers. After preliminary analysis of these data, we 
found that the range of the amount of followers from 1000 to 3300 was very impor-
tant. In this range, the amount of the users was relatively higher and the users’ ID was 
less likely to belong to the same user. So we got 291,039 users’ IDs of which the 
amount of followers fell in the range between 1000 and 3300. 

At the second stage, we took the 291,039 users’ IDs as the expanded seed for breadth 
search. We captured 1,116,408,085 users’ IDs by following these users’ relationship 
networking on April 12, 2012. After removing the repeated IDs, there were 96,497,290 
users’ IDs. Then we downloaded these users’ profiles on April 18, 2012. On average, 
there were 136.65 updates (SD=788.87) per user in this dataset. We defined active users 
as people who posted at least 532(M+0.5SD, in this dataset) updates and we excluded the 
highest 5 percent data. So the interval of the active users’ total updates was [532, 4194]. 
According to this criterion, we got 6,047,966 users. And we downloaded the detailed 
information of 5,919,087 users successfully on April 25, 2012. 

Also there were many star users and advertisers. These people should be excluded 
from the target group because they were not the general active users. According to the 
following standards, we screened the target group: 1) the amount of updates was equal or 
more than 532; 2) the last microblog was posted after 2012; 3) the interval between the 
time of the last microblog released and the time of Weibo ID registered was more than 
one month; 4) the average amount of microblogging was not more than 100 every day. 
Then we got 5,807,999 users’ IDs. On average, there were 2.84 updates per user in this 
dataset every day. Using 40 as the up boundary of the average daily amount of micro-
blogging, we got the range between 2.84 and 40. Finally, we screened out 1,953,485 
users who fell in this interval as our target group. We randomly divided these people into 
20 parts (19 parts including 200 thousands, the remained as the last part). Then we ran-
domly selected 30 thousands users from the first part to take part in our study. We used 
the “@” function of Weibo to invite these users to participant an online survey and 505 
users responded. After further screening according to the data integrity, 498 copies of 
data were remained.  

Participants completed the online questionnaire from May 1 through July 22 in 2012. 
The questionnaire contained 3 parts, as following: 1) Demographics information; 2) Big 
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five personality measures; 3) Internet and Weibo use experience. And also we down-
loaded these users’ profiles, including the amount of updates, favorites, followees and 
followers, as well as the social networking size which referred to the total of the us-
er’s followees and followers. 

2.2 Measures 

Demographics Information. Personal information, including gender, age, education-
al level (Edu.), occupation (Occu.), disposable money every month (Monthly Money), 
growth location, place of the current residence(Cur. residence) and time at current 
address(Time Add.), was collected in the first part. 

Big Five Personality Measures. In the second part, we adopted the Big Five Invento-
ry-44(BFI-44) to measure the users’ personality. This is a self-report personality in-
ventory which is designed to assess the Big Five Factors of personality: Extraversion, 
Agreeableness, Conscientiousness, Neuroticism, and Openness to Experience [7]. The 
BFI-44 has substantial internal consistency and retest reliability. For example, John et 
al stated that “in U.S. and Canadian samples, the alpha reliabilities of the BFI-44 typi-
cally range from .75 to .90 and average above .80; three-month test-retest reliabilities 
range from .80 to .90, with a mean of .85” [8].We translated all the questions into 
Chinese and all participants answered this inventory according to a 5-point Likert 
scale (from 1= “strongly disagree” to 5= “strongly agree”). 

Internet and Weibo Use Experience. In the third part, we measured the users’ general 
use of the internet and Weibo by asking the following 8 questions which all adopted a 5-
point scale except the last two. The first two questions were used to measure the users’ 
experience of internet use: (a) How long have you started to use the internet (i.e. duration 
of starting to use Internet, Dur.Internet)? (1= less than 1 year, 2= 2-3 years, 3= 3-5 years, 
4= 5-10 years, 5= more than 10 years) and (b) How often do you use the internet now 
(i.e. frequency of using internet, Fre.Internet)? (1= sometimes when necessary, 2= less 
than 2 hours a day, 3= 2-4 hours a day, 4= 4-8 hours a day, 5= more than 8 years a day).  

The next two questions were about the users’ general Weibo use experience: (c) 
How often do you use Sina Weibo now (i.e. daily frequency of using Weibo, 
Fre.Weibo)? (1= seldom, 2= sometimes, 3= several times a week, 4= several times a 
day, 5= always) and (d) How much time do you spend on Sina Weibo every day at 
present (i.e. daily duration of using Weibo, Dur.Weibo)? (1= less than 15 minutes, 2= 
15-30 minutes, 3= 30 minutes to an hour, 4= 1-2 hours, 5= more than 2 hours).  

Another four questions were adapted to measure the idiosyncratic features of Weibo: 
(e) How many people do you know and are familiar with among your followees on Wei-
bo (i.e. number of acquaintance among followees, Num.Followee)? (1= 0-50, 2= 50-100, 
3= 100-200, 4= 200-500, 5= more than 500). (f) How many people do you know and are 
familiar with among your followers on Weibo (i.e. number of acquaintance among fol-
lowers, Num.Follower)? (1= 0-50, 2= 50-100, 3= 100-200, 4= 200-500, 5= more than 
500). (g) About how many times do you vote on Weibo every week (i.e. times of voting 
weekly, Times.Voting)? (1= 0 time, 2= 1-3 times, 3= 4-6 times, 4= more than 7 times). 
(h) About how many times do you use the “@” function of Weibo to mention others a 
day (i.e. times of using “@” daily, Times. @)? (1= 0 time, 2= 1-3 times, 3= 4-9 times,  
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4= more than 10 times). The participants answered the last two questions according to a 
4-point Likert scale. 

All these questions mentioned above could be seen as the index of the users’ mi-
croblogging behavior. 

3 Results 

3.1 Sample Distribution of Demographics  

In our study, 498 participants finished the online survey. There were 189 males and 309 
females (see Table1). And 14 percent of these users were under 18 years, 80 percent were 
18-30 years and 6 percent were above 31. Among these users, 42.2 percent had a bache-
lor's degree, 22.1 percent had junior college degree, 30.5 percent had high school diplo-
ma and under. As for their occupation, 52.6 percent of the users were students. And 63.6 
percent of these users were born in city and 84.2 percent now are living in the city. 

Table 1. The sample distribution of the Weibo users’ demographics (n=498) 

 

Demographics Fre-

quency 

Percent Demographics Frequency Percent 

Gender   Growth Location   

Male 

Female 

189 

309 

38.0 

62.0 

Provincial level city 

Ordinary city 

Town 

Village 

135 

182 

104 

77 

27.1 

36.5 

20.9 

15.5 

Age group   Occu.   

Under18 

18-20 

21-25 

26-30 

31-35 

36-40 

41-45 

Above 46  

70 

136 

190 

72 

16 

5 

6 

3 

14.0 

27.3 

38.2 

14.5 

3.2 

1.0 

1.2 

0.6 

Worker 

Civil servant 

Medic & nurse 

Office worker 

Journalist 

Student 

Researcher & teacher 

Independent operator 

Unemployed 

Else 

5 

12 

10 

93 

14 

262 

16 

18 

32 

36 

1.0 

2.4 

2.0 

18.7 

2.8 

52.6 

3.2 

3.6 

6.4 

7.2 

Edu.   Cur. Residence   

High school & Under 

Junior college 

Bachelor 

Master & Above 

152 

110 

210 

26 

30.5 

22.1 

42.2 

5.2 

Provincial level city 

Ordinary city 

Town 

Village 

226 

193 

67 

12 

45.4 

38.8 

13.5 

2.3 

Monthly Money   Time Add.   

Less than 500 

500-1000 

1000-2000 

2000-5000 

More than 5000 

116 

115 

126 

111 

30 

23.3 

23.1 

25.3 

22.3 

6.0 

1 year & Less 

1-3 years 

3-5years 

5-10year 

More than10 years 

53 

123 

74 

58 

190 

10.6 

24.7 

14.9 

11.6 

38.2 
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3.2 Personality and Microblogging Behavior Correlations 

Our results showed that Weibo users’ microblogging behavior correlated with their 
personality traits. As table 2 showed, Extraversion positively correlated with the fre-
quency of using Weibo, the number of acquaintance among followees and followers, 
the times of voting weekly as well as the daily times of using the “@” function. But 
Neuroticism negatively correlated with the number of acquaintance among followers. 
Conscientiousness was positively correlated with the times of voting weekly and 
Openness was positively correlated with the daily times of using the “@” function. 

Table 2. The descriptive statistics of personality traits and Pearson correlation values between 
microblogging behavior and personality traits 

 

Note: * p<.05; **p<.01;***p<.001, the same as following tables. 

3.3 Relationship between Microblogging Behavior and Demographics 

In table 3, the results showed that the users’ microblogging behavior were not inde-
pendent of the demographical valuables. For example, the frequency of using Weibo 
was different across the educational levels and occupation and the duration of using 
Weibo was different across the age, educational levels, as well as monthly disposable 
money. Also there was an association between the number of acquaintance among 
followees and age. And there was a significant difference in the times of voting week-
ly across the current residence. The daily times of using the “@” function related with 
gender, age and occupation too. 

Table 3. Contingency table test for the users’ microblogging behavior and demographics 
(Pearson Chi-Square values) 

 

 M SD 
Dur. 

Internet 

Fre. 

Internet 

Fre. 

Weibo 

Dur. 

Weibo 

Num. 

Followee 

Num. 

Follower 

Times. 

Voting 

Times. 

@ 

Extra. 3.03 0.63 .07 .00 .09* .02 .19** .23** .14** .19** 

Agree. 3.61 0.57 .12** .03 .05 .03 -.02 .00 -.01 .05 

Cons. 3.15 0.57 .06 -.03 -.08 -.08 .06 .04 .09* .05 

Neuro. 3.06 0.64 -.05 .02 .02 .03 -.05 -.09* -.09 -.08 

Open. 3.60 0.57 .13** -.03 .02 .02 .09 .06 .05 .10* 

 
Dur. 

Internet 

Fre. 

Internet 

Fre. 

Weibo 

Dur. 

Weibo 

Num. 

Followee 

Num. 

Follower 

Times. 

Voting 

Times. 

@ 

Gender 1.63 1.04 7.81 7.37 9.06 5.48 7.01 9.15* 

Age Group 170.44*** 104.50*** 17.59 53.90** 56.53*** 27.95 22.06 33.54* 

Edu. 75.51*** 41.17*** 36.28*** 32.84*** 12.23 14.50 16.79 11.12 

Occu. 110.63*** 104.96*** 60.65** 48.17 45.06 47.98 28.60 53.15** 

Monthly Money 126.96*** 77.83*** 21.02 39.35*** 25.21 13.62 15.61 15.99 

Growth. Location 32.38*** 8.86 11.88 11.74 8.86 9.16 14.96 14.70 

Cur. Residence 55.51*** 22.06* 14.58 9.04 13.97 12.07 20.18* 10.50 

Time Add. 27.79* 17.40 12.42 16.26 12.68 18.18 19.35 7.23 
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3.4 Differences in Demographics 

The results in table 4 showed that the effect of gender and growth location on the 
amount of followers and Weibo social networking size was respectively significant. 
Specifically, the amount of followers and Weibo social networking size of the male 
users was significantly more than that of the female users. The users grown up in the 
town had significantly more followers and bigger social networking size than those 
grown up in the provincial level city, Ordinary city and Village.  

Table 4. The significance test for the users’ profiles under the demographics by independent 
sample T-test and ANOVA 

 

Gender 

(t-value) 

Age 

group 
Edu. Occu.

Monthly 

 Money 

Growth 

Location 

Cur.  

Residence 

Time 

Add. 

Amount of Followers 2.84** 0.34 0.38 0.40 0.41 3.13* 1.78 0.94 

Amount of Followees 1.29 1.81 3.23* 1.59 1.81 1.98 0.47 1.30 

Amount of updates 0.56 0.46 1.84 1.84 0.91 0.27 0.07 1.50 

Amount of favorites 0.54 0.23 0.90 2.45* 1.89 0.84 1.50 1.21 

Social networking size 2.87*** 0.38 0.54 0.40 0.47 3.07* 1.59 1.04 

And also there was significant difference in the amount of favorites across the us-
ers’ occupation. And specifically, the amount of favorites of the journalist users was 
the highest and significantly more than that of other users except for the worker users. 
And the amount of followees was significantly different across the users’ educational 
levels. The results of Post Hoc Tests showed that the users having junior college dip-
loma had significantly more followees than those having high school diploma and 
under, as well as master degree and above. 

4 Conclusions 

In this study, first we picked out the active users of Sina Weibo and downloaded their 
users’ profiles information, and then we invited the active users to take part in our 
online survey. We measured their personality and microblogging behavior and col-
lected their demographical information.  

These data were analyzed and the results showed that the users’ personality was 
correlated with some aspects of the microblogging behavior, such as Extraversion 
positively correlated with the frequency of using Weibo, the number of acquaintance 
among followees and followers, the times of voting weekly as well as the daily times 
of using the “@” function. And there was a relationship between some microblogging 
behavior and the demographics, for instance, the frequency of using Weibo was dif-
ferent across the educational levels and occupation. Besides, the effects of some de-
mographical factors on the users’ profiles were significant. For example, the amount 
of followers and Weibo social networking size of the male users was significantly 
more than that of the female users. 
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Abstract. Making up a facial symbolism is a very specific skill and makeup art 
in the Chinese opera. The performers use colorful paintings to paint variety of 
symbolism and line arts on their faces. These emphasize the characteristics, po-
sitions, ages, and the provenances of the characters. The method of this research 
applies the content analysis method to comprise a literature review of the 
painted-face of Jing role in the Chinese opera. The literature review has been 
handled and coded using the qualitative data analysis software NVivo 10. The 
results of this research found some indication by painted-face attribute values 
comparison, sources diversity reference, and nodes clustered by attribute value 
for indicating similarity or unusual from the original texts. In conclude the ob-
ject of analysis in this research, the facial patterns which appear on the face of a 
Jing character, can be defined as “descriptive”, “hereditary”, “imitative”, and 
“name-based” in generally. To the uninitiated audience, the face patterns and 
colors, which appear upon the stage, may rapidly become an indistinguishable 
blur. Fortunately in performer’s position, one has to unravel the secrets of Chi-
nese face painting is to learn to recognize the symbols and signs stamped upon 
each Chinese opera character's face. 

Keywords: Chinese opera, Painted-face, Facial Symbolism, Content Analysis. 

1 Introduction 

For the ritual purposes in worldwide, masks and facial makeup are common in sing-
ing and dancing activities in different cultures. Throughout the human history, the 
masquerades in Europe and the facial makeup of American Indians both enjoy a long 
makeup experiences. But in Chinese society, mask and facial makeup were assimi-
lated into traditional opera and developed along a unique and magnificence path. 
Scholars of Chinese opera are unable for certain to say where the tradition of 
painted-face of Chinese opera came about, but they seem surmise it began with the 
wearing of masks for the battle of war in Chinese ancient times. The earliest record of 
mask wearing dates to the Zhou Dynasty (1046-256 BC), during which masks were 
worn when stories about ghosts and gods were performed. Another historical story 
mentions King Lanling of the Northern Qi Dynasty (550-577). It seems King Lanling 
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was a brave warrior, but his facial appearance was quite feminine, and he found it 
difficult to be intimidating in a battle. He eventually took to wearing a horrify mask 
when riding on his horse showed in every combat after all. The legend of King Lanling 
somehow gave rise to a form of song and dance performance well known as "Big Face". 
During the Tang Dynasty (618-907), "Big Face" performances were popular, as they 
were believed to confer good fortune upon Tang soldiers to embark upon a military 
campaign. "Big Face" performers who used their teeth to keep the masks in place wore 
wooden masks [1]. Hampered by the necessity of using their mouths, mask-wearers 
could not sing. Later, Masks and makeup were universal for the zaju (a variety play 
consisting of a prelude, the main play in one or two scenes, and a musical epilogue) 
by the time of the Song (960-1279) and Jin (1115-1234) dynasties [2]. After the for-
mation of northern zaju and southern drama, the techniques of masks and makeup 
were improved incessantly. The masks were abandoned in favor of face painting. It 
applied directly to the face as actors began to both sing and dance during the perfor-
mances. From the very beginning of the face painting, there are only four colors of 
pace painting were used which are red, white, black and blue. Over time, the patterns 
and colors employed were stylized and standardized from generation to generation [3], 
and the transformations of Chinese opera painted-faces design were different during the 
Periods (see Fig. 1). 

According to the above historical records, such progress from those masks made 
by wood, or to the practice of face paintings on a real human face, the painted-face of 
Chinese opera does transformed by some factors not only from the artist themselves 
but also the social aspect both in life styles of audience and artificial techniques. 
Thus, the purpose of this research is not going to discuss about the sociology of his-
torical aspects but focus on analyzing the fundamental basis of cognition design about 
the painted-face of Chinese opera performances.  

 

 

Fig. 1. The Transformation of Chinese Opera Painted-faces Design during different Periods 
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2 Literature Review 

2.1 The Extraordinary Appearance of Chinese Opera Mask 

To talk about traditional aesthetics of facial symbolism in Chinese opera, the colors of 
the facial symbolism especially stand for the personalities and the characteristics [1]. 
For examples, the red means the loyalty and righteousness, like Kuan, Yu had a red 
face (the martial god in Chinese society) in the time of Three Kingdoms period 
(220-280). The green face means the violent man. The blue face means fierce and 
insidious characteristics. The black face means straight-minded. The yellow face 
means slyness. The golden and silver color on the face means the characters are are 
the roles of Chinese fairy. The purple face means steadiness. The white face means 
very bogus and evil man like Tsao Tsao for example. 

Making up a facial symbolism is a very specific skill and makeup art in the Chinese 
opera. The performers use colorful paintings to paint variety of symbolism and line arts 
on their faces. These emphasize the characteristics, positions, ages, and the provenances 
of the characters. This kind of characters is called “Jing” or “Hualian” (painted-face role) 
by Chinese opera professional. Each kind of painted-faces has its own specific way of 
makeup called “Facial Symbolism”. Every facial symbolism of the paintings and the 
drawings of Jing characters have different styles. They will be painted on the parts of 
performers’ face (forehead, the two sides of the nose, cheeks, eyebrows, and mouth). 
Generally speaking, there are four kinds of characteristics of the characters by the facial 
symbolism in the Chinese opera: the furious and raging people, the bad guys, ghosts and 
fairy figures and those who showed up in the histories and fictions. In general, the less 
colorful and complicated the painted-faces are, the higher positions the characters are, 
and the steadier personalities the characters are. On the contrary, the more colorful and 
complicated the painted-faces are, the lower positions the characters are, and the more 
violent characteristics the characters are.  

In this research, we were not include all of the painted-faces from the texts that we 
found but choose only 48 painted-faces of characters [4], whom had with background 
story, out of a total 500 more (see Fig. 2).  

 

Fig. 2. The Visual Sources of 48 Painted-faces in Nvivo10 Software 
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2.2 The Combinations of Facial Symbolism in Chinese Opera 

Art historians have commented that Chinese artists traditionally seemed less interested 
in creating realistic depictions of the natural world, and more concerned with capturing 
the spirit or essence of an object [1]. As shown in table 1 and 2, we indicate categories 
of texts that the major colors, facial patterns, eyebrows, eyes, foreheads, nose, and 
mouth were represent different parts of facial painting in Chinese opera.  

Table 1. The Attributes of Classification Comparison 

Colors Black, Blue, Gold, Gray, Green, Light-green, Ocher, Oil-white, Pink, Purple, Red, Silver, White, Yellow 

Facial 

Patterns 

Fractured, Genie, Monk, Numeral Six, Numeral Ten, Ruined, Solid, Three-tile, Unique, Variegated, 

Villainous 

Eyebrows Basic Eyebrows, Bat Eyebrows, Buddhist Swastika Eyebrows, Butterfly Eyebrows, Cudgel Eyebrows, Dot 

Eyebrows, Downward-sloping Eyebrows, Duck's Egg Eyebrows, Elderly Eyebrows, Fire Eyebrows, 

Gourd Eyebrows, Ladle Eyebrows, Numeral One Eyebrows, Praying Mantis Pincher Eyebrows, Ran-

dom Eyebrows, Reclining Silkworm Eyebrows, Saw-toothed Eyebrows, Sky-piercing Eyebrows, 

Sword Eyebrows, Tiger-hook Eyebrows, Triangular Eyebrows, Uneven Eyebrows, Villain Eyebrows, 

Willow-leaf Eyebrows, Wolf's Tooth Eyebrows 

Eyes Bird Eyes, Elderly Eyes, Kidney Eyes, Large Villain Eyes, Laughing Eyes, Phoenix Eyes, Ring Eyes, 

Straight Eyes, Villain Eyes 

Foreheads Bat Forehead, Blue-green Forehead, Eight Trigrams Forehead, Fire Forehead, Gold Coin Forehead, 

Golden Forehead, Good Fortune Forehead, Gourd Forehead, Long-life Forehead, Marred Forehead, 

Moon Forehead, Original Form Forehead, Peach Forehead, Random Forehead, Red Forehead, T'ai Chi 

Forehead, Tiger Forehead, True Nature Forehead 

Nose Basic Nose, Curled Nose, Full Nose, Hooked Nose, Laughing Nose, Long or Short Nose, Villain Nose 

Mouth Bird Mouth, Crooked Mouth, Disdainful Mouth, Fire Brazier Mouth, Gold Ingot Mouth, Tiger Mouth, 

Water Chestnut Mouth, Bearded 

2.3 The Processes of Painted-Face in Chinese Opera 

A typical make-up kit contains brushes, water-based paints, powder and oil-based paints 
[1]. The facial patterns of a Jing character are most often painted on with a brush, but 
they can be applied by hand as well. Although the basic pattern for a particular character 
is standardized, the face-painter must take into account the individual shape and features 
of the face upon which he is working. Figure 3 shows the basic steps for the make-up of 
four main roles in Chinese opera performance. For the Jing role, Kao Teng, the make-up 
processes are: 1.) A base of white powder is applied, and black powder is applied around 
the eyes to prevent oil-based make-up from seeping into them during a performance; 
additional black powder is applied under the nose to prevent the beard slipping off from 
the actor’s face. 2.) A brush dipped in white paint is used to draw the approximate posi-
tion of the eyebrows, eyes, nose, and facial patterns. 3.) Black oil-based paint is applied 
to the unpainted areas. 4.) Another layer of white paint is added to set the facial pattern in 
place. 5.) Pink powder is dusted onto the cheeks over the white paint. 6.) A single line of 
oil-based red paint is applied to the forehead [4]. 
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Table 2. The Facial Pattern Distribution of 48 Jing Roles 

 
Above categorized and listed painted-face sources were by Nvivo10 software 

 

 

 

 

Fig. 3. The Make-up Steps of the Four Main Roles in Chinese Opera 
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3 Research Methods 

Content analysis is one of the most direct methods of textual analysis which can be 
applied to a range of media and cultural artifacts. But the main weakness of content 
analysis to date has been that it is very laborious: coding hundreds of facial graphics 
and texts of Chinese opera can be very time-consuming [5]. So, this research com-
prises a literature review of the painted-face of Jing role in the Chinese opera. The 
literature review has been handled and coded using the qualitative data analysis soft-
ware NVivo 10. It was easier with counting and classifying for the texts. In the first 
phase will be import 48 visual sources then processed the codes and nodes by selected 
texts of that in the software. Second will be query and analysis of literature exploring 
the necessity of researching on the Jing role in Chinese opera culture, the obligation of 
the research orientation to develop guidelines for this research, and the unique aspects 
of the painted-face that complicate the process of cognition design those mask painting 
methodology. The third phase will be find out some indication by attribute values 
comparison, sources diversity reference, and nodes clustered by attribute value for 
indicating similarity or unusual from the original texts. 

4 Findings and Discussion 

The facial patterns of Jing role are highly stylized and resemble not at all an actual 
person's face. This is the beauty of face painting in Chinese opera. By sacrificing 
realism, the artists of Chinese opera are able to capture the inner nature of a character in 
all its glory or ugliness. The object of analysis in this research, the facial patterns 
which appear on the face of a Jing character, can be defined as “descriptive”, “heredi-
tary”, “imitative”, and “name-based” in generally. 

 

Fig. 4. The Clustered Comparison of Personality Types 
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4.1 Descriptive 

The faces of most opera characters are designed to be illustrative of their personality. 
For example, villains have white faces to symbolize their cold-bloodedness. The cha-
racter Hsiang, Yu, who were in the time of Chu Kingdom during the period of Warring 
States (1030-223 BC), is depicted with an iron trident inscribed upon his forehead to 
symbolize his great strength and proclivity towards violent action. The coding of per-
sonalities in this research are categorized as “hero”, “villain”, “violent”, “calm”, “loy-
al”, “evil”, “honest”, and “bogus”. The findings in this approach as shown in Figure 4, 
the clustered comparison of personality types are based on the attribute value similari-
ties of painted-face in Chinese opera. It indicates that the character Tsio, Jen is a vil-
lain man but had a loyal personality. On the contrary, the character Yao, Kang is a 
hero but had bad inner personalities. The rest painted-faces of the results are indicated 
with each other to each group as by personality attributes. 

4.2 Hereditary 

Father and son characters feature similar facial patterns and colors to indicate a family 
resemblance. In such a case, a character's face may not be a true indicator of his per-
sonality. As shown in figure 5, both groups are in the relationship of father and son. But 
frankly, fewer items as shown in the facial pattern comparison of father and son are 
really not a true indicator of personality. 

 

Fig. 5. The Facial Pattern Comparison of Father and Son 

4.3 Imitative 

When two characters are similar in personalities and behaviors, they may be made up to 
resemble one another. This is the case with the characters Li, Kuei and his imposter, Li, 
Kuei, as well as for the characters Chang, Fei and Chiao, Tsan. According to the texts, the 
latter two are so similar in personality that their painted-faces are identical with each 
other but the exception of that Chang, Fei has large eyes while Chiao, Tsan has small 
eyes [1]. As shown in table 3, we found out the first two characters mentioned above are 
all at same categories, but the second two characters are the same in the fewer items.  

So, we used a model for indicating clearly the patterns of Chang, Fei and Chiao, 
Tsan as shown in figure 6. It shows these two characters’ personalities are the same 
types. But in the facial pattern parts are not really at the same categories. So, we tried 
to dig in more by scientific way on the quantitative method, Pearson Correlation 
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Coefficient, in the Nvivo 10 software. The findings are shown in table 4 and figure 7 
to evident more about this unusual issue that these two characters are not exactly the 
same in nowadays even they were same in the past. 

Table 3. The Attributes of Classification Comparison 

Painted-face 
(All Attributes) 

Colors Facial 
Patterns 

Eyebrows Eyes Forehead Nose Mouth 

Chang, Fei Black Numeral 
Ten 

Butterfly 
Eyebrows 

Ring 
Eyes 

Marred 
Forehead 

Laughing 
Nose 

Bearded 

Chiao, Tsan Black Variegated Willow-leaf 
Eyebrows 

Laughing 
Eyes 

Marred 
Forehead 

Hooked 
Nose 

Bearded 

Li, Kuei Black Fractured Willow-leaf 
Eyebrows 

No 
specific 

Fractured Long or 
Short 

Bearded 

Li, Kuei 
(imposter) 

Black Fractured Willow-leaf 
Eyebrows 

No 
specific 

Fractured Long or 
Short 

Bearded 

 

Fig. 6. The Face Design Comparison of Chang, Fei & Chiao, Tsan 

Table 4. The Clustered Comparison of Chang, Fei and Chiao, Tsan 

Clustered Comparison Pearson Correlation Coefficient 

By Word Similarity 0.5 

By coding Similarity -0.769231 

By Attribute Value Similarity 0.381513 

By Attribute Value Similarity (with Types A to E) 0.626667 
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Fig. 7. The Clustered Comparison by Coding Similarity of Chang, Fei & Chiao, Tsan 

4.4 Name-Based 

According to the texts, often a character's name or nickname influences the look of the 
character’s face in Chinese opera performance [1]. In a case that keeping with his 
nickname "Green-faced Tiger", the character Hsu Shih-ying is depicted with a green 
face as shown in figure 8, while coding stripes were analyzed in the Nvivo 10 soft-
ware. 

 

Fig. 8. Jing Role’s coding stripes: "Green-faced Tiger" (Hsu, Shih-ying) 

5 Conclusion 

After the limitation of this content analysis research, firstly we could conclude to the 
uninitiated audience, the face patterns and colors, which appear upon the stage, may 
rapidly become an indistinguishable blur. Fortunately in performer’s position, one has 
to unravel the secrets of Chinese face painting is to learn to recognize the symbols and 
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signs stamped upon each Chinese opera character's face. Such makeup for characters in 
Chinese opera has been passed down in methods and formations from generation to 
generation and must be learned from specialist masters.  

So, the skill in such makeup is extremely sophisticated: a person’s face, even phy-
sique, can be radically transformed in accordance with dramatic needs to become 
handsome or ugly, fat or thin, tall or short. What makes Jing characters such a colorful 
and fascinating part of Chinese opera is the fact that the patterns painted upon their 
faces are very revealing of their personalities in different attribute value combinations 
(See Figure 9). Whether the characters are hero or villain, calm or violent, loyal or evil, 
honest or bogus, higher or lower social status, an experienced viewer of Chinese opera 
has only to glance upon the face of a Jing character to know his true nature only by two 
attributes, colors and facial patterns, are good enough.  

 

Fig. 9. 48 Painted-faces Compared by Selected Attribute Value Combinations in Nvivo10 

Thus, in terms of the relationships among cognitive design on those patterns of 
masks, the results of this research were what we expected that design factors could be 
of enormous value to a performer oneself. But both in the social and cognitive dimen-
sions are essential issues for sure in nowadays. For the patterns design competence of 
Chinese opera painted-face is one thing, but for the naturalization and globalization will 
be another barrier to conquer in the mass culture society. 
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Abstract. Biometric recognition based on individual difference was commonly 
used in many aspects in life. Compared with the traditional features used in per-
son identification, EEG-based biometry is an emerging research topic with high 
security and uniqueness, and it may open new research applications in the fu-
ture. However, little work has been done within this area. In this paper, four 
feature extraction techniques were employed to characterize the resting EEG 
signals: AR model, time-domain power spectrum, frequency-domain power 
spectrum and phase locking value. In our experiments using 20 healthy sub-
jects, the classification accuracy by support vector machine reached 90.52% 
with AR model parameters, highest of the four kinds of features. The results 
show the potential applications of resting EEG signal in person identification. 

Keywords: individual differences, person identification, resting EEG, AR 
model, support vector machine. 

1 Introduction 

In recent years, biometric recognition has received general concerns all over the world 
and played a key role in identification recognition applied to access control system, 
building gate control, digital multimedia access, transaction authentication or secure 
teleworking [1]. Each kind of biometric features needs to be evaluated in some as-
pects, such as universality, uniqueness, permanence and so on [2]. Common-used 
features including fingerprint, eye retinas and irises, and facial patterns, have 
achieved wide applications. But there exists limitations to the traditional biometric 
recognition methods to some extent. Therefore, it is necessary to come up with novel 
methods that could compensate these limitations. 

Our attention is paid on the individual differences based on resting EEG signals 
which is a novel attempt in this field of biometric recognition. Genetically-specific 
features of EEG form the basis of a person identification method. Compared with 
other biometric features like fingerprint, this modality has several advantages: 1) it is 
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confidential, 2) it is difficult to mimic, and 3) it is almost impossible to steal [1]. It 
has been shown in previous studies that the brain-wave pattern of every individual is 
unique and that electroencephalogram (EEG) can be used for biometric identification 
[3]. In 1999, the group of M. Poulos et al first made an attempt to experimentally 
investigate the connection between a person’s EEG and generally-specific informa-
tion using AR Modeling and achieved correct classification scores at the range of 
72% to 84%, which showed the potential of EEG used for person identification [4]. 
Then Palaniappan et al extracted biometric features based on the spectral power of 
EEG signals for classification by a fuzzy Neural Network [5]. More recently, Isao 
Nakanishi et al adopted the concavity and convexity of spectral variance in the alpha 
band of EEG as the features with low computational load and obtained Equal Error 
Rate of 11% [6]. 

Autoregressive (AR) methods have been used in a number of studies to model 
EEG data by representing the signal at each channel as a linear combination of the 
signal at previous time points [7-10]. This method provides a compact, computation-
ally efficient representation of EEG signals, and AR model parameters are invariant to 
scaling changes in the data that can arise from inter-subject variations, such as scalp 
and skull thickness [10]. Time-Domain and Frequency-Domain Power Spectrum are 
two methods to estimate the power distribution among different time and frequencies. 
Unlike these methods mentioned above, Phase Locking Values (PLV) was developed 
to quantify in a statistical sense the phase synchronization of such systems from expe-
rimental data and to characterize their coupling [11-13]. It was first proposed to esti-
mate the instantaneous phase relationship between two neuroelectric or biomagnetic 
signals and to apply it to intracortically recorded signals in humans [14]. Support 
vector machine was adopted to classify these feature parameters. 

The main purpose of this study is to highlight the individual differences in resting 
EEG by using four kinds of feature extraction techniques and apply this feature into 
biometric recognition on the basis of support vector machine. The reminder of this 
paper is organized as follows: Section 2 briefly describes the methods of feature ex-
traction and classification. Section 3 summarizes the results. Finally, Section 4 con-
cludes. 

2 Methods 

2.1 Subjects 

Twenty healthy right-handed subjects (mean age: 23.20±1.28) participated in this 
present study. None of the subjects reported any neurological or chronic diseases. The 
written informed consents were given by all the subjects prior to the experiments. 

2.2 EEG Recordings 

Subjects were comfortably seated in an electrical shield room during the experiment. 
They were asked to keep their body still and eyes closed for two minutes during the 
EEG recording.  

The resting EEG was collected using a Neuroscan Synamps apparatus with an elec-
trode cap of 64 electrodes (referenced to channel Cz). The recording was undertaken with 
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a sampling rate of 1000 Hz and a bandpass filter (0.05–100 Hz). As Cz was set as the 
reference, the EEG at Cz, CPz, Pz and other central channels was very weak and it was 
difficult to extract features from these channels. Then offline, we changed the reference 
from Cz to left and right mastoid, precisely the mean value of EEG at mastoids. 

2.3 Feature Extraction 

Four kinds of approaches, including AR Modeling, Power Spectrum in Time Domain 
and Frequency Domain and Phase-Locking Values, were adopted to extract the indi-
vidual difference information from resting EEG.  

AR Modeling. The AR model is described by a linear difference equation in the time 
domain as 

 ( ) ( ) ( ) ( )
=

+−=
P

i

keikxiakx
1

 (1) 

where a current sample of the time series ( )kx  is a linear function of previous sam-

ples plus an independent and identically distributed (i.i.d) white noise input ( )ke  

[15], and P  denotes the number of time points in the past that are used to model the 
current time point.  

In our study, the model order was set to 4 according AIC. In detail, the first four 
parameters of AR Modeling of each channel of EEG were used as the features for 
identification, totally forming a feature vector with 64×4 dimensions per sample. 

Time-Domain Power Spectrum. This spectrum feature is defined as 
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where ( )nx  is time series of EEG signals, N  is the number of points and 

64,,1=c  denotes the EEG channel. 

In order to minimize the difference between EEG from different channels, a stan-
dardization method was employed: 

 ( ) ( )
( )

=

=
64

1k

S

kTPS

cTPS
cTPS  (3) 

The TPS feature STPS  of each subject was calculated to a vector of 64×1 dimensions. 

Frequency-Domain Power Spectrum. The power spectrum in frequency domain 
reveals energy changes in different frequencies. 
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where ( )nx~  was the EEG amplitude in a given frequency range, and N  was the 

total number of frequency points in this frequency range. The standardization method 
was also used as: 

 ( ) ( )
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=

=
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S
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cFPS
cFPS  (5) 

In our study, EEG signals were transferred into frequency domain using Fast Fourier 
Transform (FFT). The whole frequency range was divided into five parts. The FPS 
calculation was taken within each of these five frequency ranges, and thus the FPS 
feature of each subject was a vector of 64×5 dimensions. 

Phase-Locking Values. In order to obtain the instantaneous phase, we adopted the 

Hilbert transformation to transfer the EEG ( )tx  to a complex-valued signal. 

 ( ) ( )( )txHilberttx =~  (6) 

The instantaneous phase ϕ  was obtained analytically: 

 ( ) ( )( )( )txt lnIm=ϕ  (7) 

The phase difference between two channels of EEG signals ( )tx1  and ( )tx2  was 

calculated as 21 - ϕϕϕ =Δ . So the PLV could be obtained by 

 ϕΔ= iePLV  (8) 

where ⋅  meant time average. 

The computation of Phase-Locking Values was made between each of 676 pairs of 
EEG recorded from different channels, obtaining a feature vector with 676 dimen-
sions per sample. 

2.4 Classification 

The features extracted by the above mentioned techniques were classified by support 
vector machine (SVM) to obtain the statistical classification accuracy of all samples. 
Simultaneously, k-fold cross validation was applied during the classification to make 
the accuracy reliable.  

Support vector machine developed by V. Vapnik, was a modern computational 
learning method based on statistical learning theory. The central idea was to separate 
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data X  into two classes by finding a weight vector dR∈ω  and an offset Rb ∈  
of a hyper plane 

 
{ }

( )bxsignx
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+⋅
−→

ω
1,1:

 (9) 

with the largest possible margin [16]. x  was the element of X with the dimension 
of d . The purpose of SVM was to separate one class from the other. In order to rec-
ognize twenty classes or subjects, we used 190 classifiers to separate every two of 
these twenty classes. Finally, 10-fold cross validation was adopted to calculate the 
classification accuracy. 

3 Results 

The dimensions of above-mentioned feature vectors were displayed in Table 1. These 
vectors with different dimensions composed the inputs of classifiers.  

Table 1. The EEG features to be classified 

Classes Samples/Class 
Feature Dimensions 
AR Model TPS FPS PLV 

20 40 256 64 320 676 

The results in this thesis showed that the best method of feature extraction for indi-
vidual recognition was AR Modeling with the highest accuracy of 90.52%, followed 
by 82.63% with Time-domain Power Spectrum, 80.00% with Phase Locking Values 
and 67.37% with Frequency-domain Power Spectrum. The efficiency of AR Model-
ing was in accordance with what had been proposed in previous studies [17][18]. 

 

Fig. 1. The result of classification based on SVM for four kinds of features (AR model, TPS, 
FPS and PLV) 
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4 Conclusion 

In this paper, a novel idea was provided for the individual differences analysis of 
resting EEG and for its practical design in the field of human-computer interaction 
especially for individual rehabilitation robots. In details, we investigated AR model, 
time-domain and frequency-domain power spectrum and phase locking value to ex-
tract the characteristic features of resting EEG among different subjects. 

Our research proposed a feasible way for feature extraction in identification recog-
nition, taking advantage of individual differences in EEG signals. Except for the fre-
quency-domain power spectrum, the classification accuracies of these features were 
all above 80.00%, which verified the fact that EEG signals could be used as a kind of 
biometric feature. AR model parameters with the highest classification accuracy 
(90.52%) could represent individual differences in resting EEG well.  

However, there may be more appropriate mental tasks for person identification 
than the resting EEG. In practice, different categories of EEG signals and channel 
optimization should be added in the following works, and EEG should be used with 
other biometric features to show complementary advantages in the future. 
 
Acknowledgments. The authors would like to acknowledge all members of the Neur-
al Engineering & Rehabilitation Lab of Tianjin University (TUNERL) for their valua-
ble contributions to this research. This research was supported by National Natural 
Science Foundation of China (No. 30970875, 81171423, 61172008, 90920015), Na-
tional Key Technology R&D Program of the Ministry of Science and Technology of 
China (No. 2012BAI34B02) and Program for New Century Excellent Talents in Uni-
versity of the Ministry of Education of China. 

References 

1. Marcel, S., del R. Millán, J.: Person Authentication Using Brainwaves (EEG) and Maxi-
mum A Posteriori Model Adaptation. IEEE Transactions on Pattern Analysis and Machine 
Intelligence 29, 743–748 (2007) 

2. Clarke, R.: Human Identification in Information Systems: Management Challenges and 
Public Policy Issues. Information Technology & People 7, 6–37 (1994) 

3. Marcel, S., del R. Millán, J.: Person authentication using brainwaves (EEG) and maximum 
a posteriori model adaptation. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence 29(4), 743–748 (2007) 

4. Poulos, M., Rangoussi, M., Chrissikopoulos, V., Evangelou, A.: Person identification 
based on parametric processing of the EEG. In: The 6th IEEE International Conference on 
Electronics, Circuits and Systems, vol. 1, pp. 283–286 (1999) 

5. Palaniappan, R., Ravi, K.V.R.: A new method to identify individuals using signals from 
the brain. In: The Joint Conference of the 4th International Conference on Information, 
Communications and Signal Processing, vol. 3, pp. 1442–1445 (2003) 

6. Nakanishi, I., Baba, S., Miyamoto, C.: EEG based biometric authentication using new 
spectral features. In: International Symposium on Intelligent Signal Processing and Com-
munication Systems, pp. 651–654 (2009) 



 Feature Extraction of Individual Differences for Identification Recognition 509 

7. Paranjape, R.B., Mahovsky, J., Benedicenti, L., Koles, Z.: The electroencephalogram as a 
biometric. In: Electrical and Computer Engineering (2001) 

8. Poulos, M., Rangoussi, M., Alexandris, N., Evangelou, A.: Person identification from the 
EEG using nonlinear signal classification. Methods of Information in Medicine 41(1), 64–
75 (2002) 

9. Palaniappan, R.: Electroencephalogram signals from imagined activities: a novel biometric 
identifier for a small population. In: Belli, F., Radermacher, F.J. (eds.) IEA/AIE 1992. 
LNCS, vol. 604, pp. 604–611. Springer, Heidelberg (1992) 

10. Lawhern, V., David Hairston, W., McDowell, K., Westerfield, M., Robbins, K.: Detection 
and classification of subject-generated artifacts in EEG signals using autoregressive mod-
els. Journal of Neuroscience Methods 208, 181–189 (2012) 

11. Rosenblum, M.G., Pikovsky, A.S., Kurths, J.: Phase synchronization of chaotic oscillators. 
Phys. Rev. Lett. 76, 1804–1807 (1996) 

12. Rosenblum, M., Pikovsky, A., Kurths, J., Schafer, C., Tass, P.A.: Phase synchronization: 
from theory to data analysis. In: Moss, F., Gielen, S. (eds.) Handbook of Biological Phys-
ics, vol. 4, pp. 279–321 

13. Sazonov, A.V., Ho, C.K., Bergmans, J.W.M., Arends, J.B.A.M., Griep, P.A.M., Verbits-
kiy, E.A., Cluitmans, P.J.M., Boon, P.A.J.M.: An investigation of the phase locking index 
for measuring of interdependency of cortical source signals recorded in the EEG. Biologi-
cal Cybernetics 100, 129–146 (2009) 

14. Lachaux, J.-P., Rodriguez, E., Martinerie, J., Varela, F.J.: Measuring phase synchrony in 
brain signals. Human Brain Mapping 8, 194–208 (1999) 

15. Jain, S., Deshpande, G.: Parametric modeling of brain signals. In: Proceedings of Technol-
ogy for Life: North Carolina Symposium on Biotechnology and Bioinformatics, pp. 85–91 
(2004) 

16. Lal, T.N., Schröder, M., Hinterberger, T., Weston, J., Bogdan, M., Birbaumer, N., 
Schölkopf, B.: Support vector channel selection in BCI. IEEE Transations on Biomedical 
Engineering 51(6), 1003–1010 (2004) 

17. Übeylï, E.D.: Least squares support vector machine employing model-based methods coef-
ficients for analysis of EEG signals. Expert System with Applications 37, 233–239 (2010) 

18. Lawhern, V., David Hairston, W., McDowell, K., Westerfield, M., Robbins, K.: Detection 
and classification of subject-generated artifacts in EEG signals using autoregressive mod-
els. Journal of Neuroscience Methods 208, 181–189 (2012) 



 

P.L.P. Rau (Ed.): CCD/HCII 2013, Part I, LNCS 8023, pp. 510–518, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Enhancing People’s Television Experience  
by Capturing, Memoing, Sharing, and Mixing 

Tun-Hao You, Yi-Jui Wu, Cheng-Liang Lin, and Yaliang Chuang 

Industrial Technology Research Institute, Rm. 515, Bldg. 51, 195,  
Sec. 4, Chung Hising Rd., Chutung, Hisnchu 31040, Taiwan 

{michaeloil,yjwu,chengliang,yaliang}@itri.org.tw 

Abstract. Television has long played an important role in providing rich infor-
mation and delightful entertainment. However, the trend of applying smart 
technologies in the design of television has yielded complexities that reduce 
people‘s enjoyment in television watching. Contextual interview results from 
our study showed that the participants needed solutions for helping them save 
interesting content rather than using advanced functions.  In line with the rapid 
development of mobile communications and social networking services, we 
created and implemented a CatchPo system that includes a CutX TV Memo app 
that can help viewers use their mobile phone to catch interesting content they 
are watching on television. Editing the memo and sharing it with friends is easy. 
Consequently, different cultural groups that consume different media can be 
connected. Together with the additional CutMix app that enables the viewer to 
create a collage with their photos and the TV show, the system enhances peo-
ple’s TV experience with useful technology.   

Keywords: Social TV, Social Network Service, Media Consumsion, Contex-
tual Interview. 

1 Introduction 

Since 1926 when the Scottish inventor John Logie Baird successfully demonstrated a 
working television system to members of the Royal Institution and to a newspaper 
reporter(http://en.wikipedia.org/wiki/History_of_television), 
television has become the most important entertainment and information source for 
most people. Combined with the development of related technologies, picture and 
sound quality has greatly improved. Viewers in the United States are currently able to 
watch various types of content on hundreds of channels. In the 1990s, Internet 
Protocol television (IPTV) was launched. The first show to broadcast over the Internet 
was ABC's World News Now [1]. Since then, numerous companies have attempted to 
enhance the Internet service experience for TV viewers. BBC launched the iPlayer in 
2007 to allow viewers to access content that was broadcast 2 weeks prior. In 2010, the 
first Android based Google TV was released on the market. This innovative product 
was collaboratively developed by Google, Sony, Intel, and Logitech. The user can use 
it to watch traditional TV shows and to access over 100,000 on-demand shows, apps, 
and websites. It was considered the first popular SmartTV model on the market [2].     
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However, comparing available market products, the main SmartTV design is bor-
rowed from the smartphone [3]. A user can download various applications from the 
App Store. Although certain apps are creative and useful, Park [4] found that because 
of unreliable computation and Internet connections, most of his study participants 
were not satisfied using the apps with their SmartTVs. Bächle-Gerstmann [5] also 
found that participants seldom used SmartTV apps. People simply enjoy watching 
shows on their TV. 

Based on the Park and Bächle-Gerstmann’s studies, we considered certain new 
possibilities for improving the viewer experiences. To understand people’s behavior 
and experience in using their TVs, we chose a contextual interview method [6] for our 
investigation. Thirty-three participants (aged between 20-70, mean = 35.2) were re-
cruited and interviewed in their homes. Unlike traditional methodologies, this contex-
tual approach emphasizes interaction between the researcher and the participant and 
helps to observe people’s behavior and their environment regarding latent information 
that is not easy to recall in other places. When the researcher has difficulty under-
standing a participant’s description, the researcher can ask for immediate clarification. 
This helped us capture real problems and experiences as they existed in participant 
lives. Our contextual study yielded four interesting points: 

1. Television is the main source of entertainment and information for most partici-
pants. All of the participants had missed some shows they planned to watch. To re-
solve such disappointments, 83% of the participants attempted to find the shows 
through the Internet. However, it is typically difficult to find a show on the Inter-
net. Consequently, two of the participants even called the TV stations to ask them 
to broadcast the show again. One of the participants asked if it was possible to buy 
the DVD. 

2. Twenty-six percent of the subjects participated in interactive games on Television 
shows. They tried to play a call-in game, accessed the website to answer questions, 
and joined the show’s Facebook fan page. Unfortunately, none of the participants 
ever won the games or obtained rewards. 

3. In addition, 61% of the participants took notes while watching television. One of 
the participants even had a memo book specifically for television. The information 
collected is diverse. For example, they recorded the receipt of meals from the 
cooking show, discount shopping information, and sightseeing places introduced 
on a travel show, and so forth. They liked to share these notes with friends. Certain 
participants even planned weekend family activities based on the memos. 

4. Finally, 65% of the participants indicated they use other computing devices (e.g., 
laptop PC, tablet PC, mobile phone) while watching television. The main uses in-
clude playing online games, surfing websites, and chatting with friends through  
social media. They seldom checked information related to the show they were 
watching. Certain participants indicated that if they needed to focus on the show, 
they turned off other devices. 

Numerous studies have focused on people’s behaviors in using complementary sec-
ondary screens. In research of viewers in the United States, 40% of tablet and smart-
phone owners used their devices while watching TV [7]. Only 30% of the usage time 
was spent gathering information related to the current show being viewed. Similar 
results found in our cultural interviews reflect this finding. Based on our user study, a 
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television memo concept has been created to develop a mobile App that can facilitate 
the television viewer in capturing interesting contents of shows he or she watches.  

To realize the idea, we implemented a CatchPo system. CatchPo is a television 
program-capturing cloud service that enables television viewers to instantly capture 
images and video clips from the program they are watching and  provides viewers 
with metadata on their captured images and clips, such as to location, actors, and 
product information. The CutX–television memo is the first application based on the 
CatchPo system that can be used with mobile devices. Since it was launched on De-
cember 23, 2012, CutX has been downloaded more than 15,000 times and more than 
383,000 memos been created by users.  

In the following sections, we review related works and then present the system 
structure of our service, the design and evaluation of the user interface, and the usage 
analysis of this service. 

2 Related Works 

New social television systems have been developed related to the convergence trend 
in media consumption and the growing applications of social networking services 
(SNS) [8, 9]. Some are focused on networks (such as neXtream), and some are de-
voted to social interaction between viewers (e.g., IntoNow and GetGlue). Certain 
systems (e.g., Teleda, developed by NHK in Japan) use online discussions as a me-
chanism to encourage viewers to watch shows they have not watched before. 

2.1 NeXtream 

NeXtream [9] takes advantage of the integrating capabilities of multiple devices, in-
cluding smartphones, tablets, notebooks, desktop PCs, and television and restructures 
the traditional television network by using social networks. The system leverages user 
interests, communities, and peers to create customized channels specific to each user 
with contents from TV shows and online materials. A user can watch the streams on 
any of their devices and the other will act synchronously. Users can continue to watch 
a television show and use a phone to discuss the content with friends, share opinions, 
rate the show, and search related information. 

This project creates an interface to explore television socially and connects a user 
with a community through the contents and provides varying levels of interactivity, 
from passively consuming a series, to actively crafting one's own television and social 
experience. 

2.2 IntoNow and GetGlue 

IntoNow (http://intonow.com) and GetGlue (http://getglue.com/) are 
two mobile applications available in the United States. The similarity of these two 
apps is that they use secondary screens to enhance people’s entertainment with check-
ing-in and sharing. They also provide viewers recommendations for shows based on 
their own or their friends’ behavior. By integrating with Twitter and Facebook, view-
ers can see relevant discussions when watching their favorite television show and 
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“check-in” with IntoNow or GetGlue. They can also comment or interact with others 
who are also checked-in. To help the user easily find the show to check-in, IntoNow 
is embedded with SoundPrint technology to detect what he or she is watching. Then, 
in approximately 5 seconds, the system provides relevant information and social con-
nectedness that can help enrich his or her experience.     

2.3 NHK’s Teleda 

With most broadcast media, the relationship between the content and the viewer is 
similar to a “vertical link.” People tend to watch only their familiar shows and seldom 
try new ones. To encourage viewers to expand their considerations, the Teleda system 
was proposed by NHK, the public broadcasting organization in Japan [10].  Teleda is 
a platform that combines video-on-demand and social-networking-service to create 
“horizontal links” between viewers. By conducting a large-scale trial with 1,032 par-
ticipants in three months, it was found that interaction between viewers greatly in-
crease their motivations to discover and watch new shows. The system is able to 
broaden viewers’ perspectives and lead them to important issues occurring in the 
community. 

3 System Design 

Beyond using social networking services, the CatchPo system presented in this paper 
further to facilitates viewers to capture interesting content and share it instantly with 
friends. The image or video clips are spread across social media (such as Facebook) 
and viewed by many people who did not see the traditional broadcast shows. This 
system connects people from different cultural groups based on their consumption 
behaviors.  

We develop three main components in the CatchPo system in this study. First, a 
web service provides the contents and data. Second, an application (called CutX) 
operates on the users’ mobile devices. Third, a monitor application enables the con-
tent providers to track and control the data captured and shared by viewers.  

3.1 Usage Scenario 

Figure 1 shows a CatchPo system user scenario. A viewer who watches a live basket-
ball game on television can use CutX on a smartphone to capture exciting scenes and 
share the video clip on his or her personal page of a social networking service (such 
as Facebook). Alternatively, when another viewer finds a restaurant serving delicious 
food on a television show, he or she can use CutX to capture an image of the restau-
rant along with the embedded additional information (e.g., name, location, menu, etc.) 
provided by the CatchPo system.  

Content providers can also benefit from CatchPo. They can use CatchPo to design 
interactive games and activities with viewers to promote television shows. They can 
insert a specific object into a television show and ask viewers to capture an image that 
includes the object to win a prize, or they can ask viewers to capture their favorite 
scenes, add comments, and post them on television show forums. CatchPo also pro-
vides a new television viewer rating method that is superior to traditional techniques. 
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When a user tries to capture a scene from a TV show, CatchPo records the timestamp 
and channel information of the request. CatchPo can use this information to analyze 
the trends of user interest for the TV show. In addition, content providers can recom-
mend advertising related to captured scenes for different capture requests from users.  

 

Fig. 1. Usage scenario for the CatchPo system 

3.2 System Architecture 

Figure 2 shows the three blocks that compose the system architecture: the content 
capturing system, a backend web service, and a metadata controlling system. 

 

Fig. 2. Three function blocks of the CatchPo system 

• The content-capturing system continuously records each TV channel (currently 
supports sources from DTV, cable, and IPTV) and extracts images and video clips 
according to viewer requests.  

• The backend web service is the core of CatchPo and is responsible for handling 
capture requests from users, classifying scenes, and mapping relevant metadata to 
scenes. When a user picks a captured scene (an image or a video clip), the backend 
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web service requests metadata (e.g., purchasing information) that relates to the 
scene from the metadata control subsystem.  

• The metadata controlling system extends the Television Object Promoting System 
(TOPS) [11] and prepares time-synchronized metadata on products and scenes. 
When a user requests an image capture or a video clip, the metadata controlling 
system analyzes the timestamp and TV channel of the request, identifies metadata 
relevant to the captured image or video, and provides it to the scene extractor.  

3.3 User Interface Design of CutX 

CutX is an application for mobile devices (available for Google’s Android and Ap-
ple’s iOS platforms). A viewer who sees interesting content on television can use 
CutX to capture the scene as a still image or as a video clip (see Figure 3a). He or she 
can then add tags or notes to it and save it as a memo in a proper category (see Figure 
3b). In addition, if viewers miss a favorite show, they can use the recall function to 
see missed content of a show broadcasted during the previous 24 hours (see Figure 
3c). This involves substantial design work to solve viewers’ major problems discov-
ered during our initial user study. Finally, Facebook is integrated with CutX. People 
can easily share memos with friends on their Facebook pages or send the memo link 
to friends in an e-mail or message (see Figure 3d).    

  
(a) Catch (b) Memo (c) Recall (d) Share 

Fig. 3. User interface of CutX 

4 Evaluation of the User Interface Design 

To evaluate the usability of the user interface, an experiment with 7 target users was 
conducted. They were asked to complete 33 tasks, including downloading and instal-
ling the app, capturing interesting content, editing memos, and sharing them with 
friends. The study was completed in the participant’s environment. To understand 
users’ thought processes and discover latent problems, think aloud methodology [12] 
was used in the study. It took approximately 50 minutes for each participant to com-
plete the experiment. The major findings are summarized as follows: 

1. To start, the participant needs time to experiment with the functions of the user inter-
face. Although instructions have been shown on the user interface, they were obvious-
ly not seen by most of the participants. People’s behavior when using mobile apps is 
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Through the evaluation study, several small problems were detected in the user inter-
face design, problems such as the use of words, the meaning of an icon, the procedure 
for editing memos, and so forth. We then redesigned the user interface to improve the 
usability of the app. 

5 Conclusion 

In the context of trends in media consumption and social networking services (SNS), 
we present the development of the CatchPo system. Unlike other applications, our 
solution provides information related to a scene and enables viewers to capture inter-
esting content and share the vivid image or a video clip with friends.  

Since our system was officially launched on December 23, 2012, more than 15,000 
viewers registered and captured content from TV shows. In two months, viewers have 
created 370,000 images and 17,000 video clips and saved them as memos in their 
smartphones. Captured images have been viewed more than 1.5 million times and 
captured video clips were been viewed more than 130 thousand times on social me-
dia, demonstrating the sharing power of social media. In line with the results of our 
user study and evaluation, the CatchPo system was thought to be an effective applica-
tion to enhance people’s experience in watching television shows.  

We are currently developing several new apps to explore and improve viewer en-
joyment, one of which is called CutMix. As the name indicates, a user can use this 
app to mix his or her photos with scenes captured from TV shows. This will help 
them create collages or funny jokes that can be easily shared with friends on SNS. We 
believe this will help create a positive user experience. The main user interface of 
CutMix is shown in Figure 6 and will be soon be available in app stores (for Google’s 
Android and Apple’s iOS platforms).     

 

 

Fig. 6. Main user interface of CutMix 
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Abstract. The Common-use self-service check-in kiosks (CUSS) allows 
passengers to access multiple airlines check-in from one machine efficiently, 
and avoid long queue at specific airline service counter. However, every single 
airline has different CUSS interface designs in page layout and operation 
sequences, which can confuse passengers. This study is intended to employ 
wizard user interface, interface consistency and Overview Plus Detail (OPD) to 
improve the usability of CUSS systems for divers passengers. The operation 
sequence, screens layout and option buttons, in CUSS among airlines are 
redesigned for two Taiwanese major airline's existing CUSS systems. The study 
remarked that users were able to easily identify the location of information, 
process of operation, and progress through interactively and deliberately 
designed page layout. 

Keywords: CUSS, consistent user interface, wizard interface. 

1 Introduction 

In order to respond to the demand of increasing number of passengers, some major 
airports have executed Common Use Self-service Check-in Kiosk (CUSS) promoted 
by IATA. The effectiveness of CUSS is to integrate all airline systems in the same 
machine, which allows passengers to access multiple airlines check-in from one 
machine efficiently, and to avoid long queues at specific airline service counter. Las 
Vegas McCarran International Airport is the best known implementer of CUSS. 
Samuel Ingalls, Assistant Director of Aviation, Information Systems at McCarran, 
referred the kiosks have proved to be a clear triple win, for the airport, the airlines, 
and most importantly, for the passengers. Check-in Kiosk could greatly enhance 
passenger processing efficiency, taking the check-in process outside of traditional 
bounds to various terminal locations and even off-airport.1 

                                                           
1 Howes, J.: Moving to Common Use Self-Service - On the Cusp of CUSS. Kiosk Europe , 14-

18. (2006). 
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The kiosk is a computer-based information system with an intuitive interface for 
user input and output, located in a public area, used by an anonymous user who is 
standing, and required a relatively short time to use.2 The Common-use self-service 
check-in kiosks (CUSS) allows passengers to access multiple airlines check-in from 
one machine efficiently, and avoid long queue at specific airline service counter. 
However, every single airline has different CUSS “wizard user interface” in their 
page layout and operation process, which confuse the passenger (as shown in Fig. 1). 
In additional, the operation sequence and screens layout of “wizard user interface” by 
different airlines are not consistent, and do not perfectly match to user's mental model 
(as shown in Fig. 2). 

 

Fig. 1. The various operation sequence and screens layout of three existing CUSS systems 
frequently confused the passenger. (Top: China Airlines, middle: EVA Airways and bottom: 
KLM Royal Dutch Airlines.). 

 

Fig. 2. Layout fundamentals such as shape, size and position of option buttons in CUSS among 
airlines need to be redesign employing the principle of interface consistency. (Left: China 
Airlines and right: EVA Airways.). 

                                                           
2 Holfelder, W. and Hehmann, D.: A Networked Multimedia Retrieval Management System for 

Distributed Kiosk Applications. In Proc. Multimedia Computing and Systems, 342-351. 
(1994). 
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2 Literature Review 

Although all existing CUSS have used wizard interface structure, the interface consistency 
among pages and airlines still need to be improved for better usability. In addition, the 
concept of Overview Plus Detail (OPD) needs to be emphasized for effective awareness of 
location of information, process of operation and progress for the user. 

2.1 Wizard Interface  

A wizard is an interactive computer program which attempts to guarantee success in using 
a feature by stepping the user through a series of dialog boxes by Microsoft, and they have 
rapidly gained popularity among programmers and user interface designers. Each of the 
wizard’s dialogs asks users a question or two, and the user learns that he merely clicks the 
Next button on each screen without critically analyzing why. 3 For usability of software, 
the wizard interface fulfills the requirements of learnability and memorability. It provides 
first-time users with explicit guidance through the process of a specific task. 

This study reviewed the consumer-oriented operating systems including wizard 
user interface. Relatively fewer literatures emphasized the importance of consistent 
display and consistent graphic design among wizard pages that improves easy 
discoverability of possible actions for first-time users. Through detail analysis of the 
requirement for affordance and mental model application, a set of layout patterns and 
entities attributes were defined for improving design of “wizard” pages. Consistent 
shape and graphic details of buttons were defined, while proper locations of buttons, 
options and text instructions were given. 

2.2 Consistent Interface 

In addition to wizard interface, consistent interface and Overview Plus Detail were 
also frequently used to help users prevent error operation. The internal consistency 
(e.g., layout, terminology, color, etc.) is a crucial issue in the usability of highly 
interactive computer programs (Shneiderman 1992; Reisner 1990; Nielsen 1989). 4 
Nielsen referred that consistency leads to "improved user productivity by leading to 
higher throughput and fewer errors because the user can predict what the system will 
do in any given situation and can rely on a few rules to govern use of the system." He 
also pointed out "it is desired to have the system be consistent with users' expectations 
whether formed by other applications or by non-computer systems."  

Consistent interface allows users to quickly understand the system, and help them 
build accurate mental models. Based on the existing system and UI design theory, this 
study defined the page layout of CUSS that contained main title, option buttons, 
                                                           
3 Cooper, A., Reimann, R., & Cronin, D.: About face 3: the essentials of interaction design 

([3rd ed.). Indianapolis, IN: Wiley Pub. (2007). 
4  Shneiderman, B.: Designing the User Interface: Strategies for Effective HumanComputer 

Interaction, second edition, Addison-Wesley, Reading, MA, (1992); Reisner, P.: “What is 
Inconsistency?” Proceedings of the IFIP Third International Conference on Human-Computer 
Interaction, Interact ’90. Elsevier Science Publishers. B.V., North-Holland, 175-181. (1990); 
Nielsen, J.: Executive Summary: Coordinating User Interfaces for Consistency, in Nielsen, Jakob 
(editor), Coordinating User Interfaces for Consistency, Academic Press, San Diego, 1-7. (1989). 
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cancel option and feedback. Graphic details were also defined, including color, 
graphics, button shape and size. Consistent shape and graphic details of buttons were 
defined, while proper locations of buttons, options and text instructions were given. 

2.3 Overview Plus Detail 

The concept of Overview Plus Detail (OPD) was employed in the new design of 
CCUS. OPD is a way of dealing with complexity: present a high-level view of what's 
going on, and let the user 'drill down' from that view into the details as they need to, 
keeping both levels visible for quick iteration. Edward Tufte used the terms 'micro 
and macro readings' to describe a similar concept for maps, diagrams, and other static 
information graphics. The users have the large structure in front of them at all times, 
while being able to peer into the small details at will: 'the pace of visualization is 
condensed, slowed, and personalized'. Similarly, users of 'Overview Plus Detail' can 
page methodically through the content, jump around, compare, contrast, move 
quickly, move slowly, or even rearrange it. The overview can serve as a 'You are here' 
sign and users can tell at a glance where they are in the larger context. 5 

3 Discussion 

Based on the existing guidelines of Wizard interface and context analysis of users’ 
mental model, a set of layout patterns and entities attributes were defined for 
improving design of “wizard” pages. Consistent shape and graphic details of buttons 
were defined, while proper sizes and locations of buttons and text instructions were 
given (as shown in Fig. 3). Consequently, a prototype of CUSS was designed 
following above principles and then developed into two CUSS systems with various  
 

 

Fig. 3. The prototype of CUSS systems for China Airlines and EVA Airways have consistent 
layout 

                                                           
5 Tufte, E. R.: Envisioning information. Cheshire, Conn. (P.O. Box 430, Cheshire 06410): 

Graphics Press. (1990). 
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company images which are of China Airlines and EVA Airways (as shown in Fig. 4). 
Finally, CUSS systems for two airlines were consulted by usability experts and 
airlines service staffs, and then modified. As a result, the application of consistent 
user interface of Common Use Self Service System not only benefits to usability of 
the wizard user interface, but also accommodates passengers to the operation of 
different airlines check-in system. 

 

Fig. 4. The prototype of CUSS systems for China Airlines and EVA Airways have the same 
step and operating process 

 

 

Fig. 5. User knows the step of operating process any time because the CUSS systems were 
integrated with the wizard user interface, consistent interface and OPD 
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4 Conclusion 

The prototypes of CUSS for two major airlines were tested by thirty passengers. The 
result showed that the prototypes improved obviously, but several passengers didn’t 
notice the existence of overview ribbon. The overview ribbon was then rearranged for 
visually noticeable display and size according to the user's experience. Color and 
graphic emphases for better operation sequence indication were also designed to 
implement the usability rule of Overview Plus Detail.  
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Abstract. This study examined why older adults accepted or rejected new func-
tions and how they made their decision. 44 older adults were asked to use eight 
functions on two smart phones and two tablets. Then, they were interviewed 
about their acceptance of functions. They had the lowest acceptance of the mir-
croblog function. Finally, older adults reported reasons of accepting or rejecting 
functions. The result was a model to represent older adults’ decision process, 
which was influenced by eight factors. This decision process generated four 
major findings. First, substitutes seemed to be a big obstacle to older adults’ ac-
ceptance of new functions on smart phones and tablets. Second, openness influ-
enced whether older adults stressed the usefulness of a new function. Third, 
contexts and lifestyles influenced older adults’ judgment of usefulness. Fourth, 
older adults seemed to tolerate some complexity, but it should not be more than 
they could handle after learning. 

Keywords: Older adults, Acceptance, New functions, Smart phones and tablets. 

1 Introduction  

Tremendous elderly-specific functions on smart phones and tablets provide significant 
utility, but most older adults are not using these functions. New functions (i.e., func-
tions that older adults never used before) could be intimidating and overly compli-
cated for older adults, because they had a cumbersome experience with feature 
phones. They had difficulties with the poor readability on small displays, typing on 
compressed buttons, and navigating in the hierarchical menu. As a result, most older 
adults only used core functions on feature phones (phone calls and short messages) 
and dared not to try new functions.  

Luckily, many difficulties with feature phones could be solved by smart phones 
and tablets. Smart phones and tablets have large displays, support finger-based direct 
input, and no longer have hierarchical menus, thus they would provide a brand new 
experience for older adults. This might change older adults’ perception of mobile 
phones based on their past experience. With this new perception, older adults might 
try new functions.  

Functions on smart phones and tablets face the competition from substitutes. That 
is, a function on mobile phones could be replaced by the same function on desktop 
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computers (e.g. email and web browsing) or specialized products (e.g. GPS naviga-
tion devices, e-book readers, and digital frames). Besides, functions on smart phones 
and tablets also face the competition among themselves. Hundreds of thousands of 
functions are available on smart phones and tablets, and a new function has to stand 
out from the crowd to be liked by older adults.  

This study aimed to extend older adults’ mobile phone usage from core functions 
to new functions. First, older adults would have an experience of using new functions 
on smart phones and tablets. Then, this study examined why older adults accepted or 
rejected these functions and how they made their decision. 

2 Literature Review  

2.1 Older Adults’ Acceptance of Mobile Phones 

Two factors that influence people’s acceptance of information technology are per-
ceived ease of use and perceived usefulness [1]. However, older adults had lower 
perceived usefulness and lower perceived ease of use than younger adults [2]. 

New technology’s usefulness and ease of use are not equally important for older 
adults. Some older adults perceived usefulness more important than ease of use. That 
is, they would accept a useful device even if it was difficult to use. Melenhorst and 
Rogers [3] found that benefits were more influential than costs (e.g. effort, lack of 
skills, expenses) on older adults’ intention to use email. This could be explained older 
adults’ decision process proposed by Fisk et al. [4]: older adults first judged the use-
fulness and then disadvantages of a new technology. Only when its usefulness out-
weighed disadvantages, older adults would accept it.  

Apart from perceived ease of use and perceived usefulness, ease of learning also 
influences older adult’s intention to use mobile phones. Older adults had difficulty in 
learning how to use mobile phones [5, 6], and they found mobile phones more diffi-
cult to learn than younger adults [7].  

Previous studies investigated older adults’ use of two functions which usually in-
volved little text entry: route navigation and web browsing. As to the navigation func-
tion, Goodman et al. [8] investigated different modalities to present the information of 
landmarks on mobile phones. As to the web browsing function on mobile phones, 
new design of web pages was proposed for older adults [9].  

Older adults made many errors during text entry on mobile phones, no matter they 
used typing [10] or handwriting [11]. These problems influenced the use of functions 
requiring text entry. One typical example is the medication adherence application. It 
turned out to be difficult to use because it needed older adults to enter the text of me-
dication information [6, 12]. 

3 Methodology 

The first phase of this study is actual use of smart phones and tablets for about 50 
minutes. During this period, the instructor trained participants and then asked them to 
use functions independently. In the second phase, participants were interviewed about 
their acceptance of functions, and reasons for accepting or rejecting functions.  
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This study included actual use of functions for two reasons. First, actual use of mobile 
phones influenced older adults’ perceived ease of use and perceived usefulness [2]. 
Second, many older adults’ mental model of functions which was formed through 
their experience with feature phones may be out of date [13].  

Four touch-screen smart phones and tablets were used (shown in Figure 1): Apple iPod 
Touch (3.5″, iOS), Dell Streak (5″, Android), Samsung Galaxy Tab (7″, Android), and 
Apple iPad (9.7″, iOS). The order to use four devices was counterbalanced. The brands on 
the four devices were covered with a masking tape. Two camcorders were used: one at the 
upper right side of participants and the other one directly above the display. 

 

Fig. 1. Two smart phones and two tablets 

Finger-based input usually involved four actions: tapping buttons, pinch zooming, 
tapping on-screen keyboards, and handwriting. The former two actions were used in 
study 1, and the latter two actions were used in study 2. 

3.1 Study 1: Use of Functions without Text Entry 

12 older adults (Mean age=66.4; SD=5.6; Range=59-77) participated in the first 
study. They were randomly divided into four groups. They used four functions on 
smart phones and tablets: photo album, document reader, Google map, and web 
browsing (shown in Figure 2). The photo album function and the Google map func-
tion are iOS’s own and Android’s own functions, and the other two functions are the 
document reader (Office Suite in Android, the default PDF reader in iOS), and the 
web browsing (Internet Explorer in Android, and Safari in iOS).  

In order to make participants experience gesture input, the content on the pho-
to/document/map/web page was set at a small size. Participants zoomed in to view the 
content. To check whether they read the content carefully, the cloze test was con-
ducted. Participants wrote down answers on a piece of paper. Each participant used 
two ways of zooming in/out: pinch zooming and tapping the zooming in/out buttons. 

• Task 1: Browse the album. Zoom in each photo and write down the predefined 
digit on the photo.  

• Task 2: Read the document. Zoom in each page and write down the missing words. 
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• Task 3: Plan the route. Zoom in the map to find the destination and write down the 
route to the destination.  

• Task 4: Browse web pages. Zoom in predefined web pages, read the content, and 
write down the missing words. 

 

Fig. 2. Sample screen shots of four functions in study 1 

3.2 Study 2: Use of Functions Requiring Text Entry 

32 older adults (Mean age=67.2; SD=5.53; Range=60-79) participated in the second 
study. They were randomly divided into four groups. They used four functions: contacts, 
microblog, Google search, and email (shown in Figure 3). The contacts function and the 
email function are iOS’s own and Android’s own functions, and the other two functions 
are Sina Microblog (China’s version of Twitter) and Google Search widget/application.  

In order to make participants experience text entry, they were asked to enter a short 
sentence including Chinese characters, digits, and punctuations. Each participant ei-
ther used handwriting or typing on the on-screen keyboard. 

• Task 1: Create a new entry in the contact function. 
• Task 2: Post a message in Sina Microblog 
• Task 3: Search keywords in Google Search  
• Task 4: Send an email to a predefined contact 

 

Fig. 3. Sample screen shots of four functions in study 2 
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4 Results and Discussion 

4.1 Acceptance of Functions 

Taking all the eight functions together, the photo album was participants’ favourite 
function, as shown in Figure 4. This is supported by previous finding that older adults 
liked taking and viewing photos [14, 15].  

Microblog was participants’ least desirable function among eight functions. consis-
tent with previous studies, older adults did not accept socializing through Internet, so 
their initial perception of social media was strongly negative [16]. Most participants 
did not like the microblog for four main reasons: (1) they did not want to expose 
themselves, (2) they preferred email, phone calls, or short messages rather than the 
microblog to keep in touch with friends, (3) they preferred to meet other people in 
person. (4) they did not want to make new friends. Instead, they wanted to keep in-
depth communication with old friends. And they thought the constraints on the num-
ber of words made the microblog not suitable for in-depth communication. 

 

Fig. 4. Adoption rate of eight functions 

4.2 Factors Influencing Older Adults’ Acceptance of New Functions 

Based on the results of the interview, a flow chart is proposed to represent older adults’ 
decision process about accepting or rejecting a new function (shown in Figure 5). This 
process is influenced by eight factors, which are introduced one by one in the following 
section. 

Social Influence 
Participants tended to try a new function if their family or friends recommended it. 
They wanted to maintain ties to family and friends. Besides, family members bought 
mobile phones for participants and urged them to use certain functions. This is consis-
tent with previous studies, which reported that older adults were under social pressure 
to adopt mobile phones [17]. Nine participants indicated that they would explore a 
new function under social influence. Apart from this, sometimes using new functions 
might be mandatory work requirements.  
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Fig. 5. Participants’ decision process of accepting or rejecting a new function 

Perceived Usefulness 
Participants judged usefulness in different ways. Some participants held that a func-
tion was useful if it could help activities in the real world. Particularly, functions on 
mobile phones were perceived useful if they could help older adults out in emergency 
[5]. In contrast, other participants held that a useful function did not need to be prac-
ticable. Instead, it could just make people feel good. This is similar to the finding that 
older adults would accept enjoyable information technology [14].  

Perceived usefulness was influenced by contexts and lifestyles. Different contexts 
blurred the line between acceptance and rejection. Participants rejected a function on 
smart phones and tablets for usage at home, but they accepted it when they went out 
or when an emergency happened. This influence of contexts was reported by ten par-
ticipants. Besides, older adults’ lifestyle influences their acceptance. Participants who 
often went out and traveled around seemed to be willing to use Google map, and 
those who did not have the habit of reading books and newspapers were reluctant to 
use the document reader function and the web browsing function.  

Perceived Risk 
After knowing the usefulness of a new function, participants evaluated its disadvan-
tages. Participants were also afraid that they might break the devices or the devices 
might get lost or robbed. However, the major risk was about the invasion of privacy. 
Participants felt it not safe to expose themselves through Internet. This is not surpris-
ing, because older adults were cautious to give private information. Their privacy  
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concern was so strong that it became the most important reason for rejecting social 
media [16]. Only when the usefulness outweighed privacy concern would older adults 
consider a new function.  

Substitutes 
Many functions on smart phones faced the competition from substitutable devices and 
substitutable activities. 11 participants in this study rejected new functions because of 
substitutes. They would use the web browsing/search/email function on desktop com-
puters rather than on smart phones and tablets, use digital cameras/camcorders rather 
than smart phones and tablets. Similarly, these participants also stuck to their routine 
activities. They preferred watching TV/reading books/newspapers rather than reading 
on smart phones and tablets, and preferred meeting people in person/calling people 
rather than contacting people through Internet. The influence of substitutes on older 
adults’ acceptance is ignored by previous studies.  

Openness 
Some participants would like to try a new function even if it was not useful. Their 
personality made them open to new things. They would decide to accept or reject a 
new function after they tried it. Three participants reported that they enjoyed explora-
tion as long as there were new functions. This is backed up by previous studies. Kor-
zaan & Boswell [18] also found that individuals who rated high on openness were 
also more willing to experience new technology.  

Ease of Use 
Participants would like to consider functions which were easy to use. However, diffi-
cult-to-use functions were not necessarily rejected. Some participants reported that 
they were willing to learn to use difficult-to-use functions as long as functions were 
very helpful. The influence of ease of use was mentioned by 13 participants.  

Participants usually judged ease of use from three aspects. First, 10 participants per-
ceived that large displays, big fonts, and sufficient contrast represented easy output. They 
did not want to carry around eye glasses to read too small text, and they also did not want 
to scroll to read too large text. They desired the size that is just right. Second, some par-
ticipants perceived that a small number of functions represented ease of use. Older adults 
had great difficulties with the broad and deep hierarchical menu of feature phones, so less 
functions was believed to be the solution. However, limited functions may drop sales of 
mobile phones. When people choose from two devices at the same price, they usually 
buy the one with more functions [13]. Third, some participants perceived that handwrit-
ing and voice input represented easy input. It should be noted handwriting and voice 
input might also cause new problems [13].  

Learning Support 
Ten participants stressed the importance of getting help from other people. They felt 
scared if nobody helped them with problems during learning. Most of them would 
like family members to teach them. However, some participants refused to ask help 
from younger people, because younger people did not express in the way understood 
by older adults. Previous studies reported that older adults learned mobile phones 
mainly from two sources: manuals and other people. Since manuals were difficult to 
understand [19], older adults usually turned to other people for help. The importance 
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of support is also stressed by Wang et al. [14], who found that support availability 
influenced older adults’ acceptance of information technology.  

Cost 
13 participants reported they would consider the cost of using a new function. Since 
many functions on smart phones and tablets needed Internet access, older adults cared 
about how much it would cost. Some participants rejected functions as long as there 
was Internet access fee, while other participants compared the fees between mobile 
phones with other substitutes and then chose the cheaper one. The influence of cost 
was not included in older adults’ acceptance models. 

5 Conclusion 

This study analyzed older adults’ decision process of accepting or rejecting new func-
tions on smart phones and tablets. New acceptance factors (i.e. substitutes and open-
ness) were discovered, and the understanding of well-documented acceptance factors 
was enriched. Results of this study could not only help improve the quality of life for 
older adults, but also help practitioners promote new functions to increase public ac-
ceptance and market share.  

There was a big gap in participants’ acceptance of functions on smart phones and tab-
lets. Participants had high acceptance of functions that were needed in frequent activities 
(e.g. photo album, contacts, and email) or in infrequent but emergent activities (e.g. 
Google search and Google map). However, most participants were reluctant to read small 
text on smart phones and tablets, and they were not ready to socialize through Internet 
and preferred traditional social ways (e.g. meeting in person, calling, SMS).  

The difference in participants’ acceptance could be explained by their decision 
process, which was influenced by eight factors: social influence, perceived usefulness, 
perceived risk, substitutes, openness, perceived ease of use, learning support, and 
cost. This decision process generates four major findings. Accordingly, implications 
for improving acceptance of new functions on smart phones and tablets are identified.  

First, substitutes seemed to be a big obstacle to older adults’ acceptance of new 
functions on smart phones and tablets. This implies that knowing what a new function 
can do is not enough for older adults. Instead, knowing what smart phones and tablets 
can do but substitutes cannot do may be more important.  

Second, openness influenced whether or not older adults stressed the usefulness of 
a new function. This implies that persuading different older adults to use new func-
tions needs different strategies: stressing enjoyment for open-minded older adults 
while stressing usefulness for others.  

Third, contexts and lifestyles influenced older adults’ judgment of usefulness. This 
implies that a deep understanding of older adults’ daily life is needed. Based on that, 
dividing older adults into groups of individuals would help practitioners find out what 
is really useful for a group of older adults.  

Fourth, older adults seemed to tolerate some complexity, but it should not be more 
than they could handle after learning. This implies that if a new function is not easy to 
use, practitioners should first stress its usefulness to trigger older adults’ learning 
motivation and then provide learning support.  
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Three limitations should be noted when generalizing the results. First, the sample 
in this study was a sample of convenience, which may not well represent the older 
population. Second, text in study 2 was Chinese characters, so the results might be not 
applicable to other languages. Third, participants had short-time exposure (50 mi-
nutes) to new functions. 
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Abstract. Multi-Mouse Quiz System consisting of Multi Mouse Quiz
(MMQ) and MMQEditor is an application set to treat quizzes in a class-
room. The MMQ is an application of Single Display Groupware (SDG)
which enables multiple users to answer quizzes by connecting several
mice to an ordinary personal computer (PC). The MMQEditor is a PC
application designed to edit quizzes for MMQ. The authors have asked
several elementary schoolteachers to use the MMQ system and observe
the class activities. The class practices show that the schoolteachers de-
signed various class activities and quiz content along with the context
of their school and class. This paper reports these practices from view-
points of class design, their effectiveness and problems. We also discuss
importance of collaboration among schoolteachers who design and prac-
tice class, and researchers who develop the system and analyze the class
activities learnt through this study.

Keywords: Face-to-face collaborative learning, Quiz, Single Display
Groupware, Elementary school, class design.

1 Introduction

Elementary education, as the formative education in the compulsory education,
has special roles in teaching rudimentary knowledge and developing good study
habits. Children in this period have characteristics that they prefer to pay at-
tention only to what they are interested in. There are several studies designing
practices of attracting children’s attention through the collaborative learning
or quiz study[1]. Many teachers also encourage children’s motivation using In-
formation and Communication Technology (ICT) environments. Nowadays, in
Japan, the number of computers introduced to elementary schools has reached
at one computer per 6.6 children, and 72.5% elementary school has at least one
electronic blackboard (large LCD display) in the every classroom[2].

The authors focus on the collaborative learning using ICT environment, and
Single Display Groupware (SDG) proposed by Stewart[3] as a candidate tech-
nology to support collaborative learning in classroom. SDG is a CSCW/CSCL
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environment in which multiple users have control of a computer by using mul-
tiple input devices such as mice sharing information on a single display. Since
SDG shows all of the mouse cursors on the screen, the users can see the others’
behavior. This feature encourages communication among users[4]. Further, SDG
can be implemented on an ordinary PC only with software and several mice con-
nected to it. It is a big advantage in practical use in elementary schools because
their budget and human resources for ICT are quite limited.

As a concreted application of SDG, the authors have developed Multi-Mouse
Quiz (MMQ), a quiz software that can ask quizzes to several users simultane-
ously. We asked several elementary school in Kyoto, Japan to use the MMQ in
their classes, discussed class design with schoolteachers, and observed the class
practices. In these practices, the schoolteachers designed various class activities
and quiz content along with the course subjects and other context of their school
and class. In this paper, these class practices are reported and discusses them
from a viewpoint of class design, their effectiveness and problems. We also dis-
cuss importance of collaboration among schoolteachers who design and practice
class, and researchers who develop the system and analyze the class activities
learnt through this study.

This paper is organized as follows: After introduction of this section, Section 2
gives overview of related work. Multi-Mouse Quiz System is explained in Section
3. Class practices in several elementary schools are stated in Section 4. In Section
5, these class practices are discussed from a viewpoint of class design. Section 6
gives conclusion of this paper.

2 Related Work

The Single Display Groupware (SDG) model[3] proposed by Stewart refers to
systems with which each of collocating users uses an input device such as mouse
sharing information shown in a display. It is shown that SDG encourage commu-
nication among collocating users[5]. The SDGtoolkit is a middle ware for Win-
dows that provides multi-user interaction environment through multiple mice
and keyboards handled independently[6]. Similar middle ware is also provided
by Microsoft as Mouse Mischief based on the research for education in develop-
ing country[7]. The authors interested in SDG as tool to support collaborative
learning in classroom, and studied it by developing several applications[8],[9].
Multi-Mouse Quiz (MMQ) is one of such applications.

In this paper, we report two practices of using MMQ for teaching arithmetic.
There are many practices that studying mathematics through game playing on
computer[10][11]. Hennessy pointed that it is helpful to children’s learning ob-
jectives when teachers were developing and trialing new strategies specifically for
mediating ICT supported learning[12]. Also study with quizzes provides students
an opportunity to self-assess their current level of knowledge. It also provides
feedback, helping students determine how to adjust their behavior to ensure ac-
quisition of the missing knowledge. Study by quiz was wildly used with a variety
of methods, such as amuse children to maintain the attention as well as to en-
courage the enthusiasm to learn. Pollard, J.K. used a Web-based Quiz to let
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student to reflect their studies[13]. Recently, mainly in university, Clickers are
often used to pose quiz in classes which encourage students’ engagement.

3 Multi-Mouse Quiz System

The Multi-Mouse Quiz system is an application for treating quizzes in a class-
room or other learning environment. The system consists of the Multi Mouse
Quiz (MMQ), a quiz application of SDG and MMQEditor, an ordinary PC ap-
plication for editing quizzes for MMQ. Figure. 1 and Figure. 2 show the screen-
shots of MMQ and MMQEditor.

Fig. 1. Interface of MMQ[14]

MMQ is implemented with the SDG Toolkit[6] and can be used on a Windows
PC by connecting several mice to it. Currently, up to four players can answer
quizzes simultaneously. In screen (a) of Figure.1, the teacher can choose the
question file and other options such as number and asking order of quizzes to
show, and on-off of sound. In (b), any user can start quiz by clicking the start
button. In (c), users choose their own color to make registration of quiz session.
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Fig. 2. Interface of MMQEditor[14]

Table 1. Class Practices using MMQ System

No. School Grade Subject Class Size

1 H 5th Social Study 28

2 S 6th Social Study 32

3 F 6th General Study 25, 27 (two classes)
4 T 6th Arithmetic 27

5 N 4th Arithmetic 4

Screen (d) is a screen of asking quiz where users answer the quiz by clicking an
alternative within a prescribed time limit. Screen (e) shows the correct answer
and commentary of the asked quiz. After answering all of the quizzes, the total
score for all users is shown in (f), and the system goes back to screen (a).

MMQEditor is a quiz editor for MMQ. With this editor, users can edit quiz
questions, choices, explanation and other options for MMQ. To make operation
easy to understand, we designed the user interface of MMQEditor as close to
MMQ as possible.

4 Studies of Using MMQ System

With assistance of the Kyoto Municipal Board of Education, we carried out
five practices using MMQ System in public elementary schools in Kyoto, Japan.
Table. 1 shows the list of practices. Class subjects were social studies (such as
geography and history), arithmetic, and Sogo-Gakushu (general learning), and
they were held in four to six grade classes.

We have reported practices No.1[15], No.2[16], No.3[17] and brief summary of
them are given below. As for practices No.4 and No.5, we explain more in detail.
In this paper, there are two class design with social studies, two class design
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with mathematics studies, and one class design with ‘Sogo- Gakushu’(general
learning).

4.1 Practice in H Elementary School

In H elementary school, MMQ was used for a 5th grade class of 28 children in
‘social studies’. Since two electronic blackboards were available, we used two sets
of MMQ totally having 8 mice for the class. Three or four children shared one
mouse as a group.

The teacher designed the class activity using MMQ aiming at enhancement of
children’s writing ability through discussion in group. Quiz content were created
by the teacher. In the beginning, rather easy quizzes were posed so as to make
children have confidence in answering, and gradually more difficult quizzes were
asked. Finally children had to answer quizzes that require common sense as
well as knowledge explicitly learned in classes. He also asked a quiz without
choice. Then he handed worksheets to children and ask to have discussion and
write descriptive answer. In this practice, children did not only remember the
knowledge asked in the quizzes, but they also could write the descriptive answer.
The teacher said quality of writing were better than usual.

4.2 Practice in S Elementary School

In S elementary school, MMQ was used for a 6th grade class of 32 children in
‘social studies’. One MMQ set was used, and a mouse was shared by a group
of 8 children. The teacher tried class management that makes children feel class
was fun. Along with this policy and so as to raise concentration of children that
share mice in rather larger group, he tried to ask children to make quizzes by
themselves. First, after experience of answering quizzes with MMQ, the children
were asked to design quizzes and write them on paper. Then the teacher collected
and reviewed them before entering them into the MMQ system. Finally the chil-
dren answered the quizzes made by them with MMQ. In answering quizzes they
made, the children were more concentrated on the contents of quizzes keeping
high motivation compared with answering quizzes made by the teacher.

4.3 Practice in F Elementary School

In F elementary school, MMQ was used for two classes of 6th grade having 25
and 27 children, in ‘Sogo-Gakushu’ (general learning). In this course, children
studies historic places of learnt materials such as books, and later they visit the
actual places. The activities were held in a computer room of the school. MMQ
was used to show what they learnt to other children. Each class spent three class
time of 45 minutes. First, they created quizzes personally with MMQEditor, and
combined quizzes into one files in group of 3 or 4 children. Then, use MMQ they
tried to answer quizzes created by other groups.

In this practice, children successfully created quiz questions with MMQEditor
without special assistance of the researchers. Even children of low scholastic
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ability could make at least one question. In the activity of answering quizzes
with MMQ, we observed that the children not only answered the quizzes but
also carefully read the explanation.

4.4 Practice in T Elementary School

In T elementary school, MMQ was used for a 6th grade class of 27 children in
arithmetic. We used two MMQ sets of 8 mice in total, and children learnt in 8
group of 3 or 4 children. This class aimed at to solve difficult arithmetic problems
through discussion in group as course unit of “Attempt to challenge a variety of
issues”. The following are examples of the asked questions:

Question 1: How many kinds of possibility to choose 3 people from 6?
Choices: A: 20 B: 60 C: 120 D: 18

The activity was held in one class period of 45 minutes. Eight quizzes were asked
in the class. For each quiz, first the teacher showed the quiz written in a large
sheet of paper on the blackboard, and let one child read it. The each group
was asked to discuss how to solve in. Ideas proposed by the group members
were written on a white board given to each group. Then, the question screen
of MMQ was shown and the groups answered their solutions. After explanation
screen was shown on MMQ, the teacher paused the MMQ and let children explain
their choice using whiteboard to the whole class.

The teacher evaluated that this was a good practice, and felt the MMQ more
affect to the children who didn’t like arithmetic. He said that if this lesson was
held in a traditional way with printed hand out, children of higher scholastic
ability might achieve more, but children of lower scholastic ability children might
feel difficult, and give up to work. This class was shown to other teachers in
the school, one of the teachers said that he was impressed that children could
concentrate in these difficult arithmetic quizzes, and all of the children didn’t
give up until the time limit.

4.5 Practice in N Elementary School

In N elementary school, the MMQ was used for a 4th grade class of four children
in arithmetic. This school area is small, hence the class of the four grade has
only a few children. The course unit was “What is the original number?”, it aims
to understand the concept of relationship diagram to find the value of a variable
from the given condition. An example question is as following:

Question1: I bought six notebooks of a same price. Then I also bought a
bottle of juice, it cost me 100 yen. I spent 940 yen in total. So how much
is the price of one notebook.

Figure 3 is a sample of the used diagram (translated in English). It shows the
relationship of forward and inverse calculation to assist children to decide the
asked value. This class held in connected 2 periods of 45 minutes each without
break. In the first period, the teacher explained the arithmetic rules to calculate
of question 1 as showing above using the relationship diagram. She gave one page
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Fig. 3. Diagram
Fig. 4. Quiz on MMQ

handout to each child on which a similar question, say question 2 is printed, and
give them a few minutes to let them think about how to calculate. In the 2nd
period, the children wrote down the relationship diagram, arithmetic formula,
and the solution of question 2. Then, the teacher started up the MMQ let every
child has a mouse when they finished writing. The teacher made 5 quizzes about
the relationship diagram and one quiz for arithmetic formula which treat ques-
tion 2 in step-by-step manner. Figure 4 is a translated example of the question
on MMQ. As well as asking children to answer in MMQ, the teacher paused the
MMQ, not only let children explain the reason of their choice, but she also asked
children to explain the reason of the choice they did not chose.

The teacher evaluated operation of MMQEditor was not difficult, and they
used MMQ to support their pedagogical research in Arithmetic. She said that
the children used the MMQ with the high motivation, because they designed
this practice with two class periods, she worried about the engagement of a less
able child having difficult moods in the class, but he could concentrate in this
practices. Different from other practices of MMQ, we observed each child choose
different choices along with their idea, while in other practices, children often
follow others choices. On it, the teachers opinion was that the class size was so
small, hence children might not be afraid of making mistakes in front of their
classmates.

5 Discussion

In this section, we discuss the class activities from “engagement and usability”,
“class subjects”, “cobination of activities”, “quiz content”, “facilitation using
pause”, and “collaboration among schoolteachers and researchers” various view-
points relating design of classes.

5.1 Engagement and Usability

In all of the practices, the teachers evaluated effectiveness of the MMQ in en-
couraging children’s motivation to study in class. One of the teacher mentioned
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that all of the children seemed to feel happy to use the computer. Teachers and
children could use MMQ without particular difficulty. As for MMQEditor, it
also could be used by the teachers not difficulty. Further in F elementary school,
6 grade children could use the MMQEditor by themselves without difficulty. It
is also important issue that using MMQ encourage participation of children of
lower scholastic ability. Both usage of the computer for interaction and study
in group may be the reason of such involvement. It also should be noted that
oral communication is encouraged in these practices. This might also the effect
of using the MMQ developed as an application of SDG.

5.2 Class Subjects

The teachers used the MMQ for class subjects of the social studies, arithmetic,
and periods of general studies. Due to the social studies requires to remember
many facts and concepts, it fits to use quiz. In the both practices for arithmetic,
the teachers wanted to children could comprehend difficult contents through
discussion in a group and encouraging participation using the MMQ. In F ele-
mentary school, MMQ is used for the general studies where children learn more
actively along with the theme set by the teachers. The children created quiz
questions with MMQEditor, and appreciate them mutually with the MMQ.

5.3 Combination of Activities

In the above practices, various activity were combined with answering quizzes
with the MMQ. That is, the following activities were combined with the MMQ
along with the class subject and teaching aims:

– Group discussion (all the schools)
– Oral explanation of children’s ideas (H and N schools)
– Writing descriptive answer (H school)
– Quiz Creation and Mutual Appreciation (S and F schools)

It should also be noted that the teachers select media that fit for the activities.
Both the teachers and children use paper as well as the computer. In these
activities, quiz creation is interesting because children engaged in learning both
in quiz creation phase and quiz appreciation phase. Even in answering quizzes,
children concentrate more because the questions were made by their classmates.

5.4 Quiz Content

We found a common strategy from the content created by schoolteachers, that is
teachers arrayed the quizzes considering difficulty level from easy ones to difficult
ones in the H, N, T school. The teacher designed the quizzes in this order so
as to gave children confidence in answering the questions, and gradually attack
difficult ones through discussion in group.
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5.5 Facilitation Using Pause

The pause function of MMQ were often used by the teachers aiming at control
of the progress, giving hints, and combining other activities such as discussion
in group, oral answering, and writing on paper or whiteboard.

5.6 Collaboration among Schoolteachers and Researchers

All of these practices, class plans were designed mainly by the teachers. Then, the
researchers discussed with the teachers to confirm implementation of their plans,
and necessary support in carrying out the classes. Then, if needed we revise the
MMQ such as introducing pause function and improvement of stability of the
system on computers in the schools. Further, the researchers also recorded the
data of these practices using questionnaires, interview, voice, and video. And
made analysis of them. We think such continuous interaction and collaboration
among schoolteachers and researchers are important for both school teaching
and academic research.

6 Conclusion and Future Work

We studied several class practices with the MMQ System to support collabora-
tive learning in multiple elementary schools in Kyoto, Japan. This paper mainly
focused on the class design by the teachers in these practices. These practices
showed that schoolteachers could use MMQ System without difficulty, and they
designed independently along with their educational aims with the MMQ Sys-
tem. Furthermore, the schoolteachers also felt advantages of this system in their
classes. For successful use, the researchers took roles of technical support and
system revision along with the teachers’ class design, and recording and analysis
of class practice for evaluation of their design. As a future work, the authors are
planning the following:

– To encourage community of schoolteachers by gathering and sharing the
cases of class design with the MMQ and quizzes for MMQ.

– To develop other applications of SDG, by exchanging opinions with
schoolteachers.

Acknowledgement. The authors would like to thank to the children and the
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cation for their cooperation.
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