Display
and
Interface

Design

Subtle Science, Exact Art

7 X~Z N

()

A\

CRC Press
Taylor & Francis Group




Display

Interface
Design

Subtle Science, Exact Art

John M. Flach

CRC Press
Taylor & Francis Group

Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2011 by Taylor and Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed in the United States of America on acid-free paper
10987654321

International Standard Book Number: 978-1-4200-6438-4 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable
efforts have been made to publish reliable data and information, but the author and publisher cannot
assume responsibility for the validity of all materials or the consequences of their use. The authors and
publishers have attempted to trace the copyright holders of all material reproduced in this publication
and apologize to copyright holders if permission to publish in this form has not been obtained. If any
copyright material has not been acknowledged please write and let us know so we may rectify in any
future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced,
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known or
hereafter invented, including photocopying, microfilming, and recording, or in any information stor-
age or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copy-
right.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222
Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that pro-
vides licenses and registration for a variety of users. For organizations that have been granted a pho-
tocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are
used only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



To Jens Rasmussen for his inspiration and guidance.



Preface

This book is about display and interface design. It is the product of over
60 years of combined experience studying, implementing, and teaching
about performance in human-technology systems. Great strides have been
made in interface design since the early 1980s, when we first began thinking
about the associated challenges. Technological advances in hardware and
software now provide the potential to design interfaces that are both pow-
erful and easy to use. Yet, the frustrations and convoluted “work-arounds”
that are often still encountered make it clear that there is substantial room
for improvement. Over the years, we have acquired a deep appreciation for
the complexity and difficulty of building effective interfaces; it is reflected in
the content of this book. As a result, you are likely to find it to be decidedly
different from most books on the topic.

We view the interface as a tool that will help an individual accomplish
his or her work efficiently and pleasurably; it is a form of decision-making
and problem-solving support. As such, a recurring question concerns the
relation between the structure of problem representations and the quality of
performance. A change in how a problem is represented can have a marked
effect on the quality of performance. This relation is interesting to us as cog-
nitive psychologists and as cognitive systems engineers.

As cognitive psychologists, we believe that the relationship between the
structure of representations and the quality of performance has important
implications for understanding the basic dynamics of cognition. It suggests
that there is an intimate, circular coupling between perception—action and
between situation-awareness that contrasts with conventional approaches
to cognition (where performance is viewed as a series of effectively inde-
pendent stages of general, context-independent information processes). We
believe that the coupling between perception and action (i.e., the ability to
“see” the world in relation to constraints on action) and between situation
and awareness (i.e., the ability to make sense of complex situations) depend
critically on the structure of representations. Thus, in exploring the nature
of representations, we believe that we are gaining important insight into
human cognition.

As cognitive engineers, we believe that the relation between representa-
tions and the quality of performance have obvious implications for the design
of interfaces to support human work. The design challenge is to enhance
perspicuity and awareness so that action and situation constraints are well-
specified relative to the demands of a work ecology. The approach is to design
representations so that there is an explicit mapping between the patterns in
the representation and the action and situation constraints. Of course, this
implies an analysis of work domain situations to identify these constraints,
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as well as an understanding of awareness to know what patterns are likely
to be salient. We believe that the quality of representing the work domain
constraints will ultimately determine effectivity and efficiency; that is, it will
determine the quality of performance and the level of effort required.

Intended Audience

The primary target audience for this book is students in human factors and
related disciplines (including psychology, engineering, computer science,
industrial design, and industrial/organizational psychology). This book is
an integration of our notes for the courses that we teach in interface design
and cognitive systems engineering. Our goal is to train students to appreci-
ate basic theory in cognitive science and to apply that theory in the design
of technology and work organizations. We begin by constructing a theo-
retical foundation for approaching cognitive systems that integrates across
situations, representations, and awareness—emphasizing the intimate inter-
actions between them. The initial chapters of the book lay this foundation.

We also hope to foster in our students a healthy appreciation for the value
of basic empirical research in addressing questions about human perfor-
mance. For example, in the middle chapters we provide extensive reviews of
the research literature associated with visual attention in relation to the inte-
gral, separable, and configural properties of representations. Additionally,
we try to prepare our students to immerse themselves in the complexity of
practical design problems. Thus, we include several tutorial chapters that
recount explorations of design in specific work domains.

Finally, we try to impress on our students the intimate relation between
basic and applied science. In fact, we emphasize that basic theory provides
the strongest basis for generalization. The practical world and the scientific/
academic world move at a very different pace. Designers cannot wait for
research programs to provide clear empirical answers to their questions. In
order to participate in and influence design, we must be able to extrapolate our
research to keep up with the demands of changing technologies and chang-
ing work domains. Theory is the most reliable basis for these extrapolations.

Conversely, application can be the ultimate test of theory. It is typically
a much stronger test than the laboratory, where the assumptions guiding
a theory are often reified in the experimental methodology. Thus, labora-
tory research often ends up being demonstrations of plausibility, rather than
strong tests of a theory.

We believe this work will also be of interest to a much broader audience
concerned with applying cognitive science to design technologies that
enhance the quality of human work. This broader audience might identify
with other labels for this enterprise: ergonomics, human factors engineering,
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human-computer interaction (HCI), semantic computing, resilience engi-
neering, industrial design, user-experience design, interaction design, etc.
Our goals for this audience parallel the goals for our students: We want to
provide a theoretical basis, an empirical basis, and a practical basis for fram-
ing the design questions.

Note that this is not a “how to” book with recipes in answer to specific
design questions (i.e., Interfaces for Dummies). Rather, our goal is simply to help
people to frame the questions well, with the optimism that a well-framed
question is nearly answered. It is important for people to appreciate that we
are dealing with complex problems and that there are no easy answers. Our
goal is to help people to appreciate this complexity and to provide a theoreti-
cal context for parsing this complexity in ways that might lead to productive
insights. As suggested by the title, our goal is to enhance the subtlety of the
science and to enhance the exactness of the art with respect to designing
effective cognitive systems.

Kevin Bennett

John Flach
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