
THE 19TH INTERNATIONAL CONFERENCE
ON ENGINEERING DESIGN

19th-22nd August 2013
Sungkyunkwan University (SKKU)

Seoul, Korea

Organised By
Creative Design Institute, Sungkyunkwan University 

and the Design Society

Proceedings Volume DS75-06
DESIGN FOR HARMONIES

VOLUME 6: DESIGN INFORMATION AND KNOWLEDGE

Edited By
Udo Lindemann

Srinivasan V
Yong Se Kim

Sang Won Lee
Andy Dong

Ying Liu

Published by the Design Society



First published in 2013

This publication is copyright under the Berne Convention and the International Copyright
Convention. All rights reserved. Apart from any fair dealing for the purpose of private study,
research, criticism or review, as permitted under the Copyright, Designs and Patents Act of 1988,
no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any
form or by any means, electronic, electrical, chemical, mechanical, photocopying, recording or
otherwise, without the prior permission of the copyright owners. Unlicensed multiple copying of
the contents of this publication is illegal. Inquiries should be addressed to the Design Society.

© 2013 The Design Society, unless otherwise stated.

The Design Society is a charitable body, registered in Scotland,
number SC 031694

ISBN 978-1-904670-49-0, EAN 9781904670490, 420 pages.

Printed by Lightning Source, Inc., La Vergne, TN, USA 
and by Lightning Source UK Ltd., Milton Keynes, UK

The publishers are not responsible for any statement made in this publication. Data, discussion,
and conclusions developed by authors are for information only and are not intended for use without
independent substantiating investigation on the part of potential users. Opinions expressed are
those of the Author and not necessarily those of the Design Society.



Preface by the Programme Chair

We welcome you to the proceedings of arguably the biggest conference on engineering design:
19th International Conference on Engineering Design (ICED13) held in Sungkyunkwan University,
Seoul, Korea!

This proceedings is a compilation of the 342 peer-reviewed and accepted papers submitted to
ICED13. The proceedings is published in different forms: a book of abstracts, a soft-copy of
proceedings on a USB-based memory device and a hard-copy of proceedings, which is available
via a print-on-demand supplier. All these different forms of proceedings are numbered against
both Design Society and ISSN referencing to allow wider access, better referencing and improved
citation in the near and distant future. All the accepted papers are divided among the following 9
themes: Design Processes; Design Theory and Research Methodology; Design Organisation and
Management; Products, Services and Systems Design; Design for X, Design to X; Design
Information and Knowledge; Human Behaviour in Design; Design Education; and Design Methods
and Tools. The hard-copy of the proceedings is in turn divided into 9 volumes where each volume
comprises papers from a theme. All the accepted papers are presented in podium or discussion
sessions in the conference. It is important to make it explicit that all the accepted papers have
successfully cleared the criteria for acceptance in ICED13. The division into podium and discussion
sessions is solely based on grouping similar papers so as to allow relevant, connected, lively and
stimulating presentations and discussions. For this year’s conference we have introduced a number
of novel schemes to reduce the bureaucratic load for authors and organisers and, it is hoped, to
increase the quality of the conference. To name a few: (i) automatic production of the cover page
of papers based on title of paper, details of authors, abstract and list of keywords in the Conference
Management System, (ii) electronic acceptance of terms and conditions in copyrights, (iii) feedback
of acceptance and quality of reviews to reviewers from authors, etc.

This proceedings is a consequence of dedicated efforts of many people, namely, the authors, the
reviewers, the chairs and associate chairs of the various themes, and the members of the
Programme Committee. The Programme Chair on behalf of Programme Committee would like to
acknowledge the contributions of: (a) Authors for submitting papers, (b) Reviewers for providing
timely comments and feedbacks to improve the quality of papers, (c) Chairs and Associate Chairs
of themes for assisting in selection of reviewers, providing directions for improvements to papers
with the status of major revisions, and helping in the final decisions of papers.

We hope that you enjoy the programme of ICED13 as much as we have enjoyed creating and
organising it.

Udo Lindemann Srinivasan V
Programme Chair Assistant Programme Chair
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Preface by ICED13 Conference Chair

Welcome to the 19th International Conference on Engineering Design 2013 (ICED13), and its
conference proceedings.  The theme of ICED13, Design for Harmonies, is well reflected in the
programme and papers of the conference. As design practice and research make progress,
integration and incorporation of diverse viewpoints take more essential roles. ICED13 will make
its mark in the history of ICED and the Design Society as an important cornerstone for harmonies
in design.

Increasing numbers of presentations in topics like human behavior in design and product, service
and systems design indicate that issues of harmonies of products and services and those of
human-centered views and technology support are at the core of design research. With continued
excellence in the topics of design methods and tools, design information and knowledge and
design processes, strong research foundations of design have been confirmed in the programme.
Presentations in design organisation and management, design for X, design to X, and design theory
and research methodology also demonstrate the leadership of the Design Society community in
these important issues. Design education is yet another important area where new needs and
requirements appear as the roles of design become broader. As Seoul is the very first Asian city
hosting ICED, more papers from Asian countries appear in ICED13.  This reflects harmonies of
East and West being strengthened in design research. ICED13 will make a good transition for
drawing more such harmonies.

In addition to a technical programme of keynote, podium and discussion sessions, ICED13 has
organized a few special events such as the Young Members Event. Ten selected presentations by
young designers and design researchers will address the Future of Design. This event is open to
the (young) public so that diverse harmonies can be achieved by the attendees. With opening and
closing ceremonies and receptions as well as a conference banquet, diverse opportunities for
cultural harmonies are prepared. For example, Korean traditional culture experiences are available
for conference attendees and accompanying guests together with old Korean traditional buildings
in order to draw harmonies from the Old and the New. The optional Gangnam-Style tour will
introduce modern Korean culture as featured in the world hit music video.

We hope you enjoy ICED 13 and have the fun and excitement of Design for Harmonies.

Yong Se Kim Sang Won Lee
Conference Chair Assistant Conference Chair
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Preface by the Design Society President

The2013 International Conference on Engineering Design (ICED) will be the nineteenth held since the
conference series was inaugurated in 1981.  It will also be the sixth held under the auspices of the Design
Society, an international society founded in 2001 to develop an understanding of all aspects of design.  The
previous five conferences have been in Stockholm, Melbourne, Paris, Stanford (California) and Copenhagen,
and by holding the conference in Asia for the first time it is surely established as a truly world-wide event.
The 2013 conference continues the tradition of holding the conference in an exciting location with a vibrant
design research community and for which design is important to local industry and commerce.  Seoul is
exceptional in this regard, the dynamic heart of the world’s second largest metropolis whose success is built
on great design and engineering.

ICED13 also continues the format, established in 2009 and continued in 2011, of a conference programme
made up of plenary sessions, podium presentations, discussion sessions with focused debate and workshops
led by the Design Society’s Special Interest Groups. We hope that this varied programme, combined with
extensive opportunities for networking, will provide an exciting opportunity for researchers and practitioners
to learn about the latest developments in design research and practice.

Organising an international conference takes an enormous amount of work, and I would like to express the
thanks of the Society to the great team that has worked over many months to make the Conference a success.
Especially I would like to thank Yong Se Kim, Sang Won Lee and colleagues at Sungkyunkwan University for
their great work in the Organising Committee, and Udo Lindemann, Srinivasan V and the Programme
Committee for bringing together such an excellent programme. Of course, their work would be in vain without
the fantastic contributions of the authors, reviewers, theme chairs and session chairs, and the thanks of the
Society are due to all of them.

ICED13 iii

Chris McMahon
Design Society President





ICED13 Programme Committee

Udo Lindemann – Programme Chair, Technical University of Munich, Germany

Srinivasan V – Assistant Programme Chair, Technical University of Munich, Germany

Panos Papalambros – Design Society Representative, University of Michigan, USA

Chris McMahon – Design Society Representative, University of Bristol, UK

Yong Se Kim – Organising Committee Representative, Sungkyunkwan University, Korea

Sang Won Lee – Organising Committee Representative, Sungkyunkwan University, Korea

ICED13 Organising Committee

Yong Se Kim – Conference Chair, Sungkyunkwan University, Korea

Sang Won Lee – Assistant Conference Chair, Sungkyunkwan University, Korea 

Tom Howard – Technical University of Denmark, Denmark

Chris McMahon – University of Bristol, UK

Yoo Suk Hong – Seoul National University, Korea

Haeseong Jee – Hongik University, Korea

Jong Won Kim – Seoul National University, Korea

Kee-Ok Kim – Sungkyunkwan University, Korea

Myoun Kim – Sungkyunkwan University, Korea

Ji Hyun Lee – KAIST, Korea

Seong Il Lee – Sungkyunkwan University, Korea

ICED13 v



ICED13 Theme Chairs
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