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SERIES FOREWORD

With the rapid introduction of highly sophisticated comput-
ers, (tele)communication, service, and manufacturing systems,
a major shift has occurred in the way people use and work with
technology. The objectives of this series on human factors and
ergonomics is to provide researchers and practitioners a plat-
form for discusson of important issues related to these changes,
where methods and recommendations can be presented for en-
suring that emerging technologies provide increased productiv-
ity, quality, satisfaction, safety, and health in the new workplace
and the Information Society.

The Human-Computer Interaction Handbook: Funda-
mentals, Evolving Technologies, and Emerging Applications,
is published at a very opportune time, when the Information
Society technologies are emerging as a dominant force both
in the workplace and in everyday life. For these new tech-
nologies to be truly effective, they must provide communi-
cation modes and interaction modalities across different lan-
guages and culture. They should accommodate the require-
ments of a diverse user population, including the aging and the
disabled.

The Handbook provides comprehensive coverage of
human-computer interaction as it has been evolving in the in-
ternational arena of research, development, and practice. The
book’s 64 chapters were authored by leading international
human-computer interaction gurus including academicians,

Xiii

researchers, and industry practitioners. For further in-depth
coverage of the discipline, over 3,000 references are cited; and
more than 125 tables and 450 figures facilitate the communica-
tion of knowledge and enliven the reader’s experience.

This work should be of special value to software developers
for interactive systems and to human-computer interaction pro-
fessionals. For graduate students, this book provides a wealth of
theoretically based and practically oriented information on un-
derstanding the human-computer interactive design process.
Further, it addresses itself to design-diversified user popula-
tions, design-diversified development processes, and design-
diversified applications.

The reader will discover a systematic, structured approach
to the design, experimentation, operation, and evaluation of
user interfaces so that emerging information technologies can
be easily and joyfully accessible to all individuals.

The editors, in cooperation with their distinguished Advisory
Board, have produced a most comprehensive human-computer
handbook that establishes the boundaries of the discipline and
which will become an invaluable resource in the professional’s
library.

Gavriel Salvendy
Series Editor
April 2002
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FOREWORD

This Handbook celebrates the success of human-computer
interaction (HCI). Readers from within the discipline can take
satisfaction in their substantial accomplishments: Basic research
on menus, pointing devices, and screen design as well as design
innovations in hot HCI topics online communities, information
visualization, mobile devices, and interactive games. Practition-
ers can take pride in their contributions to better products
and services that have gained growing acceptance by decision
makers.

Newcomers to HCI will find informative section introduc-
tions that highlight the key ideas and guide them to the details.
This Handbook provides them with grounding in the underly-
ing cognitive principles (Part II), an appreciation of the range
of design possibilities (Parts III and IV-A), and recognition of
the growing sophistication of modern development processes
(Part VD).

Outsiders can dip into specific topics of timely value to them,
and expand their reading as their needs and interests grow. They
will likely begin with chapters on applications for which they
must build or improve user interfaces (Section IVC and V).
Visionary readers will search for forward-looking ideas, es-
pecially the reflections on human values, ethics, and trust
(Section VII). Every reader will benefit from the numerous ref-
erences that connect to the foundational research.

It is satisfying to recognize the breadth and depth of HCI, and
to reflect on its future. I have wondered if this volume marks
HCI's emergence from childhood, its youthful adolescence, or
young adult status.

The case for “childhood” is that HCI is just beginning to be
accepted in academic departments and corporate boardrooms.
Only a few years have passed since the topic became a funding
area within governmental research support agencies (e.g., U. S.
National Science Foundation and other federal counterparts)
and the first doctoral programs were announced. On the pro-
fessional side, usability engineers fight for acceptance, authors
propose competing design guidelines, and analysts squabble
over appropriate metrics of success.

The argument for “adolescence” is that the uncertainty of
childhood has passed. HCI has already made its mark, as these
chapters confirm, but this energetic adolescent still has to
choose from many possible futures. It could become a basic
science like physics and psychology; it could remain an eclectic
interdiscipline like biophysics and sociolinguistics; or it could

XV

mature into a professional discipline with scientific foundations
like architecture and medicine.

The rationale for the “young adult” status is that HCI has al-
ready produced interesting theories and stimulated important
innovations such as graphical user interfaces, the World Wide
Web, email, online communities, instant messaging, and multi-
media. It has successfully done its part in bringing information
and communications technologies to a diverse set of users and
in fashioning devices that are well on their way to universality,
ubiquity, and invisibility.

Different readers may come to different conclusions and all
be correct. Like any sufficiently large intellectual domain, there
is room for many concurrent viewpoints. Those who think HCI
is still in childhood can guide its development by engaging in
new applications and innovative technologies. They can try to
influence HCI's maturation by refining, extending, and apply-
ing predictive and explanatory theories, while proposing new
theories and integrative frameworks.

Those who see HCI in the adolescent stage can engage
in broadening the field by introducing new educational pro-
grams, expanding participation in professional societies, and
enlarging existing journals. Energetic adolescents should take
some risks and explore affiliations with other disciplines such
as sociology, semiotics, or nanotechnology; they can expand
their experiences by working in cultures other than their
own.

Those who see HCI as a young adult can promote its inte-
gration into traditional social structures. They can help usability
professionals rise through corporate and government ranks and
be more influential in controlling product development plans,
budgets, and schedules. They can publicize HCI by engaging
journalists to report HCI stories and make HCI issues more vis-
ible in related disciplines such as software engineering, net-
working, or security. HCI advocates still have work to do to
gain acceptance by top corporate executives, key government
officials, and leading science policy makers.

As for the future, I have high expectations and great hopes for
HCI as a mature discipline and profession. While preserving our
“youthful” infatuation with new and cool technologies, how-
ever, we must also address “adult” responsibilities for usable,
universal, and useful technologies (CHI'99 Research Agenda
Workshop; see Chapter 40). These three concepts are essential
as we look to the future of HCI.
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XVi ® FOREWORD

1. Usable. Existing user interfaces and their underlying sys-
tems are just too frustrating for most users. A major effort for
software developers should be to increase the reliability and
usability of every system. The frequency of system reboots, ap-
plication crashes, and incompatible file formats that stop users
in the middle of their tasks must be reduced. Then the incom-
prehensible instructions, mysterious menus, and troubling dia-
log boxes need to be revised to enable users to complete their
work promptly and confidently. In our study of the frustrations
encountered by more than 100 users, we received frequent com-
ments about long download times for web pages, dropped ses-
sions for networked applications, and the disruption caused by
unsolicited email (“spam”) and destructive viruses. As the num-
ber of users has grown, all these problems have become more
serious. Novice users want the benefits of email or web ser-
vices, but they are poorly equipped and motivated to overcome
the problems that high-tech early adopters proudly conquered.
Improved training can help, but improved designs are an im-
portant component of making the next generation of interfaces
more appealing and usability more successful.

2. Universal. After systems are made more reliable, we will
be ready to address the challenge of making them universally
usable. We must enable people with diverse backgrounds to
become successful and satisfied users—old and young, men
and women, novice and expert; users with varied disabili-
ties; and users with low motivation, low self-confidence, and
poor reading skills. We will have to make it possible for users
with differing language skills, cultures, and nontraditional so-
cial norms to participate in online communities, e-commerce,
and e-learning. We must also enable people with limited or
outdated technologies—slow modems, small screens, or older
processors—to benefit from information and communications
services. Advanced technical solutions will be needed to con-
vert web pages to fit small mobile devices and provide web
services by cellphone. Finally, we must learn to bridge the
gap between what people know and what they need to know.

Improved online help, tutorials, email assistance, and customer
service are essential. These contributions will often come first
from software producers in developed nations, but they need
to be pressured to include adequate concerns for the needs and
opportunities of users in developing nations.

3. Useful. Usable and universal technologies will make it
possible to deliver vital services: Life-critical medical systems,
military and police protection, safe transportation, and effec-
tive job training. Then content providers can create truly use-
ful e-business, e-learning, e-healthcare, e-government, and many
other applications. HCI professionals and researchers can pro-
mote greater respect for the discipline by addressing urgent
political and global issues such as economic growth, commu-
nity development, counterterrorism, and conflict resolution. By
taking responsibility for difficult questions such as the contem-
porary issues of free speech, intellectual property, voting tech-
nologies, pornography control, and privacy, we will win respect
within and outside our field. Better theories regarding human
needs are required to understand what is missing and where the
greatest opportunities lie. The next major direction I foresee is
the enhancement of creativity support tools to make more peo-
ple more creative more of the time. This ambitious goal will
produce a sustainable chain reaction of further creativity and
even better tools to effectively harness each individual’s capac-
ity to contribute and participate in shaping the future.

A hallmark of adulthood will be the willingness of HCI re-
searchers and professionals to take on issues that transcend tech-
nology. We will gain respect as we contribute to systems that
empower individuals, enrich human relationships, encourage
cooperation, build trust, and support empathy. Our acceptance
of responsibility for the future will be more than a model for
other disciplines; it can bring hope to many people for a better
life.

Ben Shneiderman
University of Maryland
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PREFACE

This Handbook marks a critical juncture in the field of human-
computer interaction (HCI). Over the last two decades, HCI
emerged as a major discipline in computing, and was quickly
energized by substantial contributions from other fields, such
as engineering, psychology, education, and graphic design.
The effective utilization of the resulting interdisciplinary break-
throughs has contributed to a heightened global awareness
of the importance of HCI not just as an academic discipline.
HCI in practice helps us achieve increased productivity, en-
hances our quality of life, envigorates competitiveness, and im-
proves the quality of services through the effective design and
use of interactive computing systems. HCI now has a home in
every application, environment, and device, and is routinely
used as a tool for inclusion. Therefore, this Handbook should
be of tremendous value to practitioners, researchers, students,
and academicians regardless of enterprise, because HCI, like
computing itself, is now ubiquitous.

Composed of eight sections which include 64 chapters, the
1242 pages of this work were authored by over 120 of the most
eminent researchers and professionals in the discipline from
around the world. Each contribution was carefully reviewed by
experts in the field, as well as by ourselves. The Advisory Board
was instrumental throughout the process as they helped shape
and refine our vision for this volume. We thank the contributing

Xvii

authors and the Advisory Board. Their commitment to the suc-
cess of this volume was unwavering, and we are honored to
have worked with each one of them.

The Handbook opens with an evolutionary perspective on
HCI, which provides a sense of perspective on the field, recog-
nizes significant visionary developments, and directs the reader
to seminal literature. The book then explores the topics of
humans in HCI, computers in HCI, interaction fundamentals,
interaction issues for diverse users, and interaction issues for
special applications. The 37 chapters within these sections pro-
vide a comprehensive knowledge base that distinguishes this
volume from others in its field. The following section, Appli-
cation Domains, is another unique feature of this work. In this
section, HCI principles are applied to 9 specialized domains.
The final 13 chapters explore the state of the art in the develop-
ment process and the management of HCI. The volume con-
cludes with an exploration of the future of HCI.

The editing of the Handbook was made possible with the
very valuable assistance of Brynley Zorich, who so effectively
coordinated the management of incoming contributions, re-
views, and outgoing correspondence. It was truly a pleasure
working with Gavriel Salvendy, Anne Duffy, and, more recently,
Bill Webber, our brilliant editorial team whose insight and grace-
ful facilitation was priceless to this effort.

Julie A. Jacko and Andrew Sears
May 2002
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HANDBOOK WEB SITE

Additional material related to this handbook can be found on the world wide web including:

e Electronic versions of all figures, including high-quality, color
images where appropriate.
® An expanded index with additional keywords.

To view this, and other supplementary material, please visit:

www.isrc.umbc.edu/HCIHandbook

Xix
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Introduction

EVOLUTION OF HUMAN-COMPUTER
INTERACTION: FROM MEMEX TO BLUETOOTH
AND BEYOND

Richard W. Pew
BBN Technologies

If your cursor finds a menu item followed by a dash,

and the double-clicking icon puts your window in the trash,

and your data is corrupted cause the index doesn’t hash,

then your situation’s hopeless and your system’s gonna crash!
—Author Unknown
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2 e PEW

PREAMBLE

The editors decided to begin this handbook with a “history”
chapter, not because we all like to read history, but because
researchers and practitioners can benefit from a chance to step
back from the bits and bites of the moment to reflect on the
many different ways in which contributions have been and will
continue to be made. Successful innovation is not so much
the result of lucky guesses as it is understanding the need and
the context of what is possible. . . so thoroughly that a solution
seems obvious.

Some readers will have seen the anonymous e-mail that be-
gins, “If an unnamed [automobile company] had developed
technology like unnamed [software vendors], we would all be
driving cars with the following characteristics”:

1. Occasionally, your car would die on the freeway unexpec-
tedly, and you would just accept this, restart and drive on.

2. The oil, water temperature, and alternator warning lights
would be replaced by a single “general car default” warning
light.

3. Occasionally, your car would lock you out and refuse to let
you in until you simultaneously lifted the door handle, turned
the key, and grabbed hold of the radio antenna.

4. Every time [automobile company] introduced a new model,
car buyers would have to learn to drive all over again because
none of the controls would operate in the same manner as
the old car.

5. Etc.

We find these and many other similar net-icisms funny be-
cause on the one hand, they are absurd but on the other, they
contain more than a grain of truth. It is the thesis of this chapter
that, although we have made amazing progress—this handbook
as a whole provides ample evidence of the progress we have
made—in fact, our visions continue to outstrip our capacity to
deliver, and our technology continues to evolve so rapidly that
the symphony of well-orchestrated hardware and software in
seamless support of the user’s requirements seems to remain
just out of reach. As Landauer (1995) so skillfully demonstrated,
although computers are supposed to help us solve problems, in
too many instances their interfaces still are the problem.

It is difficult to draw boundaries between the history of com-
puters and the history of human-computer interaction (HCID).
The history of computers and software has set the context in
which the field of HCI has emerged. With this perspective in
mind, this chapter will seek to provide a sense of context for
the field as it exists today, in 2001; introduce a collection of
remarkable and significant visionary developments; provide ref-
erences to the seminal work in the field, with perhaps a little
nostalgia thrown in; and, because the author does not consider
himself a visionary, provide some modest hints at directions for
the future. There is not space to do justice to all these topics. For
those who would like more complete coverage of the history

of HCI than is possible here, fortunately there are a number
of other reviews of the historical developments to which the
reader may refer, such as Association for Computing Machinery
(1986), Baecker and Buxton (1987), Baecker, Grudin, Buxton,
and Greenberg (1995), Carroll (1997), Gaines and Shaw (1986),
Myers (1998), Myers, Hollan, and Cruz (1996), Nickerson and
Landauer (1997), Rheingold (2000), and Shackel (1997, 2000).

No better way to organize this material than chronologically
has emerged. The sections that follow will break the discourse
into reasonably coherent epochs and for each epoch to consider:

e The visions that emerged

e The dominant hardware and software technology

e The important research and/or design methodologies
¢ The significant application innovations.

1966 AND BEFORE

State-of-the-Art

Throughout the history of HCI there has been a need to distin-
guish the interface requirements for programmers from those
for users. In the period before 1963 or so, there were a great
many constraints. Programmers entered programs by keyboard
or prepared punched cards on special machines; to review and
understand their programs, they read printouts produced on
line printers. The human factors issues for programmers were
how to format the printouts of their programs so they were easy
to read and debug, because the only feedback from running a
batch job was in the form of a rejected batch of cards and/or a
printout of their program with one or more abstruse error mes-
sages. Initial submissions usually had formatting errors, because
the formats were inexorably fixed and the program would not
execute with even one such error. It often took several submis-
sions to get to the point were the first substantive error was
flagged, at which point the execution hung, and further correc-
tion and job resubmission were required to find the next bug.!
Woe-be-unto the programmer who accidentally dropped a deck
of cards and had to reorder them before the next submittal.

The human factors issues for the users were how to prepare
program printouts in a form that they could be read and inter-
preted easily, especially given the constraint of line printers that
could only present alphanumeric characters in a single, often
difficult-to-read font with 80-character lines and limited format-
ting capabilities. The specification of how they were to appear
was a problem for the programmers, of course. In the case of
scientific computing, programmers and users were most often
the same individuals; but, for accounting departments, commu-
nication between users and programmers was even rarer than
it is today. In 1971, Gerald Weinberg published the first book
documenting the problems of programmers and users, and de-
scribing the research under way to solve them. It took a strongly
user-oriented perspective (Weinberg, 1971).

1Grace Murray Hopper (1906-1992) is credited with coining the term, “bug,” when she discovered an error in the Harvard Mark II output was
attributable to a moth that had infiltrated a set of relay contacts in the computer (Dickason, 2001).
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