o4 i B MR ¥ H MR G

ALR K
(=5 i)

Human-Computer Interaction
Second Edition

Alan Dix Janet Finlay

Gregory Abowd Russell Beale ik

Prentice é "F‘e‘ ;' 2 Ji- ffo AR X'i
/_Hi“ ‘ Publishing House of Electronics Industry

http://www.phei.com.cn




ESMTENHFE BT RS

AWl ZE

(FEZhR)
(H3M)

Human-Computer Interaction
Second Edition

Alan Dix Janet Finlay
Gregory Abowd Russell Beale

T+ I¥ & &AL
Publishing House of Electronics Industry
it - BEDING



m &

AR B BRI RAFIH AL Z EAE WK 7 K A BEITEIRE ARRRE | DML
F—&, SANREHFT TRARTE, ERANRTRELRERRIT. 2RO H=85, NERERERE, BR
AW E BB MR R LRI HT R SR 55— A, 1He T ASHENEARZ E3E; MR
THEERR, RIEATAEMBI I BRE RN LR KB A, P @F S, SHESRT . AR gk
HIRMAS, HITRTAMMTRME ., LB, WEFSCRSRSH; B=MoREEATE, NERRETAM. B
EHE GHEVRHRTIE ). SERSRE . SHEEMTENSE,

FBH PIRAMISCERFRAS , R EARAE P FTAE AN L IREOARRE RS %+, WERT%
BT AN R

© Pearson Education Limited 1998.

This edition of Human—-Computer Interaction, Second Edition, ISBN: 0132398648 by Alan Dix, Janet Finlay, Gregory
Abowd, Russell Beale is published by arrangement with Pearson Education Limited.

English language reprint edition Published by Publishing House of Electronics Industry. Copyright © 2003.

This edition is authorized for sale only in the People’s Republic of China (excluding the special Administrative Region of
Hong Kong and Macau).

A PE S ENRH Pearson Education Limited $2-FHF Tl Bt . REHRETEBEIFT, NELUEMATE
ARFREHXBEEBAE

RS ERBICS: EF: 01-2002-6159
BEERS&E (CIP) ¥iF

AMZZH. = Human—Computer Interaction: %5 "f%/ (3£ ) j#3HT (Dix, A.) 23,
-dbat: TR, 20032

(BESMTEYBEZM R

ISBN 7-5053-8457-0

I.A.. .. I.A-HLES - #bf -33C 1V. TB18
Fp B i A P 4508 CIP 4B 4% (2003 ) 45004344 B

FEHE: H B
BN R #&: LR REFAEGR
HRRFT: BFTAHERAE  hitp://www.phei.com.cn
B THFRE 173158  ER%: 100036
% 8. SHWHERE
FF Z: 787 x 980 1/16 Epsk: 4125 FH. 924 TF
B . 200342 A% 1K 2003 4E 2 A%E 1 REIRI
£ #r: 59.005C

EELTFT IR A S, A RBAME, FOMERE AR, 2HEEE, FE5ALLITERAE, B4
w35 (010) 68279077



tH ki % A

21 tEHH 5 E 10FERREEREFMIESZBHERNY, BWRER™LIEREK KR
B, EREMAWTO FHA XK, H3F—3GEN EFRRLESIN—IT A4 MLRRESHFHETH
FEEFZ—. FEREMERTEAA RS 5EFE, B3 E X E RS U KR E R

YT, EERESSHF RS SRFSESNEF AR DENERNY, AEREHFEK
5 E PR, A AR B R IEE (5 B 2R BOR TR B SME T Bb L5 IR
o, DMEREEITENSEE ERYGE EEPREHKF

BT Tk AR SRR S AR5 | EAMEF B B AR, BFHmRT “BEINTRIBIEE &R
" NB, XEHMEEFRHLE . GEE. BRE, BASRLLIREE, WAIRARE
b, LLERAFBER . AREIEL . ANFEZREITAEX B TR, |- RITAA B s a hiZ
B XEHM W K RER T RAERE 5E8E . BERG. HENAR SN BE58ES
. BIEESERAHE. RBEIES . BEERSZEE. RETRES. R, RATREYSTI2HT —
Sl 5 SR ARE , 4 B A I SRRSO B A RN , X 25 ) 5 BRAR A3 SO RS S AR (A
IO P BE PR RRAS o

R AR L, ATKEREFEESNE 2 IR B AR R BBH , 1 Pearson Education B4 #
BHARER . FH57 - F/REE HRER . FREE TR QI RF LS. |BEH W
VFEAEEER RS AR 22, AERE DI - LR Douglas E. Comer ), BUAR - HTFEAHH William
Stallings ). M44E - #HF/K (Harvey M. Deitel ). JLFIHT - %€ 7L ( Uyless Black ) %,

R RE R R B BIE R R, RATAE TIHERE., ¥ AEMEMARE . B
BR%, RISSERE ., R, WITLRE¥E. MRELI RS, PRy, WHEGEKY .,
EPRERA RS BRER TR FEARBENEENE TEINS 5 T ARSI B 2, #Hi%
AR LTAE, Ml 1P BEA PHRFEIEEA M THUW ., 1, WARB T ILHEBF LKA EHEA
AW,

FEZRFIBM R . BFMGmEm TR , AREEMEE, RAMT KEMBEHLTIE,
AFEX I B BEAT 2 EEIE; R SR XBI Tk O XHER . BRI B AT AR
X FICHM P IR, RITES SEFREMMN ETRENRRSE X, B—#T7TEBIT.

HAh, BATEH 5 EINER BRA R E1E, RE—SHBH B RPN, FEENBREIT
REF B, 45, RITESENER S S RBRBUTHRBEBRR, H KRIGET| 3 E L1 EIMEFE Bb
MEES, AREHENRF B R R SERBCAER ORI S .

H ol i Aid



*

£

pi

i RIZER

4k s

5K BBk

EHMHRERS

R R FH
H E R B e+
R KFEES TR EL
JEE KM TR AT K

FERARKFAEEEBR K . #d%

HHERFETREIB A SRR R IR
[ P SALBEER & 2 {5 R EAER

HERATANR A SRR R B
HEITEN AR SRR LV ER ST HE

SNEUNEY S NN =2 €
EEMERARPF O EE, LA

EWSGER AR S TRRBER
EafiitEEoR .0 EE

EiERBGEE OB RERFHIR
FEAEY AR S, HETHENESEER

B B R A R AR R A LA B R . LA T
HETITAVEMRRE AR SR AR EEER

F B RGBT B %



Foreword

Human—computer interaction is about devices that seem to exhibit a kind of
magic. These devices respond with complex contingencies to actions visited upon
them by people. They are used to build ‘user illusions’ (Alan Kay’s term) of
reactive paper or virtual worlds or artificial personae. They are used as
computational mediators and media for individual and group work. This book

is a text for how to engineer such devices.

Starting early in this century, there has been professmnal concern with how
to match tools and machines to humans, their tasks and their social aspirations.
‘Industrial engineering’, ‘human factors’, ‘ergonomics’ and ‘man-machine
systems’ are all names of professional specialities which took on this task. In
recent years, the speciality called ‘human—computer interaction’ has emerged as
another of these, reflecting the twin developments that many machines are being
transformed into versions of interactive digital computers and that personal
computers have propagated by the million. As a result, the techniques used to
build interactive computer systems can be used to build many kinds of machines
for many machine users.

Human-computer interaction can be defined as ‘the discipline concerned with
the design, evaluation, and implementation of interactive computing systems for
human use and with the study of major phenomena surrounding them’ [6]. It is
concerned with the joint performance of tasks by humans and machines; the
structure of human-machine communication; the social and organizational
interactions with machine design; human capabilities to use machines (including
their learnability); algorithms and programming of the interface itself;
engineering concerns that arise in designing and building interfaces; the process
of specification, design and implementation of interfaces; and design trade-offs.
It is vertically more extensive than human factors, being concerned not just with
the human—machine interface of interaction, but also with the technical design of
the interacting machine itself. But it is horizontally less extensive than human
factors, being limited to a much narrower class of machines.

As a professional community, human—computer interaction dates from about
1982, the date of the Gaithersburg conference on Human Factors in Computing
and about the date of the commercial emergence of the personal computer.
During the ensuing decade, there was an increase in research and development
activities surrounding computer interfaces and the use of computers. The
development of the area has reached the point where first steps are being taken
to codify the field. This textbook is one of these first steps and part of that
process.

This text comes at an important historical juncture when there are enough
scattered results to move the field to a new stage and when there is beginning
to be a demand for courses and a process of academic institutionalization. Early
texts in a field not only help the field be taught, but they also serve to crystallize
the content of the field itself. They must work directly from the tangle and
patchwork of literature, designed systems and informal practice to bring order



and shape and definition that did not exist before. That codification is then
transmitted to students, who further propagate it.

An important part of the development of a field is the development of
abstractions that give insight into its phenomena and allow predictions of the
consequences of actions or designs. Dix, Finlay, Abowd and Beale give
considerable attention in this text to emerging models and other abstractions that
provide practical insight and lay the foundations for further progress and thus
help the field and its students rise above a mere collection of miscellaneous
techniques. At this stage in the development of the human—computer interaction
field, their text is likely to change the very field it explicates.

Stuart K. Card
Xerox Palo Alto Research Center



Preface to the second edition

Many changes have occurred in interactive computing since 1993 when the first
edition of this book was published. Technological developments have led to faster,
more powerful machines being widely available, improving the capacity for and
expectation of multimedia applications. The phenomenal growth of the Internet
and in particular the World Wide Web has opened up communications and the
ability to share information widely. It is estimated that more people in Britain
now buy a personal computer in order to access the Internet than for any other
single reason. Groupware has become more popular through applications such

as Lotus Notes and the facility for video conferencing over the Web.

In this second edition we have addressed these changes through a complete
revision, particularly of those sections which are technologically dependent. We
have included detailed discussion of the Internet and of design for the World
Wide Web, virtual reality, information visualization, and ubiquitous computing.
In addition we have attempted to address some of the omissions that have become
apparent from the first edition, including new sections on presentation and screen
design and user requirements capture.

As well as improvements to content, the second edition has had a complete
facelift and a new image. We hope that the new two-colour presentation will make
it easier to use and more enjoyable to read. In particular, we have incorporated
more examples and worked exercises, as well as a new feature, Design Focus,
which aims to bridge the gap between theory and practical design.

The first edition had extensive worked answers to all exercises and OHP
masters, made available to teachers using the book in paper and electronic form.
Some of these worked answers have now been incorporated into the text. The
book’s accompanying web pages include the rest of the worked answers, all OHP
masters and a bullet point outline of the entire book. The site will also include
the full bibliography, indexing, demos and other useful links. HCI is a fast
moving field. Watch the web site for updates as the new developments and issues
arise.

As before we are indebted to numerous people for their help in producing this
new edition. In addition to those mentioned previously we would like to thank
colleagues and students at our current institutions (Staffordshire University,
University of Huddersfield, Georgia Tech. and University of Birmingham) and
elsewhere for their feedback on the first edition which has helped us to decide
what revisions were required. Also thanks to Fiona Dix for taking on much of the
thankless task of incorporating revisions.

‘Alan Dix

Janet Finlay
Gregory Abowd
Russell Beale

May 1997
web site http://www.hiraeth.com/books/hci/



Preface to the first edition

Human—computer interaction (or HCI) is, put simply, the study of people,
computer technology and the ways these influence each other. We study HCI to
determine how we can make this computer technology more usable by people.
This requires an understanding of at least three things: the computer technology,
the people who interact with it and what is meant by ‘more usable’. However,
there is a fourth aspect which is implicit in the simple definition: understanding
the work that people are trying to-perform by using the technology. These four
strands provide the focus for this book. We discuss human cognitive and physical
capabilities and how to incorporate knowledge of these into the design of
technology. We consider the technology itself, both in terms of what is available
and how we can specify its functionality. We introduce principles and paradigms
which embody usability and present methods for evaluating our designs against
these. We consider the user’s activity, both in terms of the tasks to be performed
and the context in which they occur.

But, if this book has four primary areas of interest, it is unified by one central
theme: the design of computer technology. Human—computer interaction is a
multi-disciplinary subject and we aim to demonstrate the importance of
contributions from many disciplines. However, it is only when these contributions
affect the actual design of interactive systems that we will see improvements in
usability. We therefore stress a principled approach to interactive system design
which will fit into a software engineering environment. We describe techniques
and models for interaction which can be used within the requirements,
specification and analysis stages of a design life cycle. This design process must
of course be centred on the user and will therefore incorporate cognitive models,
which assess or predict the usability of designs, and analytical or empirical
techniques for evaluating whether the system meets the user’s requirements.

The book is influenced by several disciplines, drawing particularly on the
contributions of psychology, cognitive science and sociology. But it is focused
primarily on human—computer interaction from the perspective of computer
science. We do not apologise for this. In many instances, computer scientists are
trained in systems design or software engineering yet are given no exposure to
HCI. Little wonder they then build systems which are unusable. If we can
encourage computer scientists and system designers to adopt a user-centred
design strategy then we will have succeeded in our aims. This is not to say that
the book has nothing to offer students and practitioners from other backgrounds.
We hope that psychologists, cognitive scientists, and others with an interest in
HCI will find it helpful to consider the user within the wider context of a user-
centred design process.

In the book we provide a broad coverage of the important topics within HCI
with an emphasis on design methods. We also include a sufficient level of detail
and worked examples from everyday activity to allow readers to apply the
techniques in practice. The computer science and psychology perspectives are
taken to be the major complementary components of a user-centred design



process. However, we do not assume that the reader has a'deep knowledge of
either discipline. :

We aimed this book as an introductory text for HCI courses, but hope that its
depth and breadth of coverage will also make it appropriate as a core text for
more advanced courses and for those eager to begin a research career in HCIL.
Accordingly, the structure of the book is flexible for use in a variety of courses;
the layout provides hints on how material can be selected to meet different needs
(for example, a basic foundation course, or a course on models and methods of
HCI design).

The book is structured in three parts. The first part covers the basic
foundations of HCI in terms of human psychology, computer systems, and the
implications of the interaction between them. In Chapter 1 we look at human
perception, cognition and problem-solving as factors which influence the usability
of a design. This gives us an understanding of what the user can and cannot do.
Students with a background in psychology may wish to skip this chapter. We then
take a parallel look at the computer in Chapter 2, discussing the technology that is
available to the designer, and how it works. This material may be familiar to
computer scieénce majors. The final chapter in this part discusses the nature of the
interaction between these two, how they communicate and how we can analyze
the effectiveness of the interaction. The whole of this part can be used as an
introduction to the second two parts, or on its own as the basis for a short
introduction to HCI.

The second part concentrates on the design process and the integration of HCI
into design practice. In Chapter 4 we look at the history of interactive system
design and identify principles which support usability. We then, in Chapter 5,
discuss the design process from a software engineering perspective and how this is
influenced by insisting on user-centred design. Chapters 6 to 9 discuss modelling
techniques which can be used to ensure usability principles are not violated.
These include cognitive and user models, task analysis techniques, dialogue
models, and mathematically-based software engineering models. In Chapter 10 we
survey the support tools and environments that are available to programmers of
interactive systems, and in Chapter 11 we look at analytic and empirical methods
for evaluating the systems to see if they meets user requirements. Finally, in
Chapter 12, we discuss the design of user support systems.

The third part of the book covers two more advanced topics which are currently
central research issues in HCI, namely computer-supported cooperative work
(CSCW) and multi-modal interfaces. They are considered advanced topics in so
far as they are less commonly found in undergraduate curricula. However, they
are pivotal areas of current research interest, so they are included. These chapters
serve as a suitable springboard into understanding and pursuing further HCI
research and interactive system design.

Any textbook on HCI is necessarily limited: we are using a static, non-
interactive medium to convey information about dynamic, interactive systems.
HCI is about interactive technology and cannot be adequately learned without
exposure to such technology. Many of the exercises in this book therefore
encourage readers to experiment with interactive systems, and course organizers
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are urged to ensure that practical experience goes hand in hand with theoretical
training. We hope that the combination of these two will lead to the design of
interactive systems which put the user first.

Stylistic conventions

As with all books, we have had to make some global decisions regarding style and
terminology. Specifically, in a book in which the central characters are ‘the user’
and ‘the designer’, it is difficult to avoid the singular pronoun. We therefore use
the pronoun ‘he’ when discussing the user and ‘she’ when referring to the
designer. In other cases we use ‘she’ as a generic term. This should not be taken
to imply anything about the composition of any actual population.

Similarly, we have adopted the convention of referring to the field of
‘Human—Computer Interaction’ and the notion of ‘human—computer interaction’.
In many cases we will also use the abbreviation HCI.

Trademarks

Apple, HyperCard, Lisa, Macintosh, Powerbook and System 7 are trademarks of
Apple Computer, Inc. registered in the US and other countries.

Microsoft, MS-DOS and Windows are trademarks of Microsoft Corporation.
VAX is a registered trademark of Digital Equipment Corporation.

PostScript is a trademark of Adobe.

UNIX is a trademark of AT&T Bell Laboratories.

SunView is a trademark of Sun Microsystems, Inc.

All other trademarks are acknowledged.
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