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Human-Computer Interaction is a multidisciplinary field focused on human aspects of the devel-

opment of computer technology. As computer-based technology becomes increasingly pervasive -

not just in developed countries, but worldwide - the need to take a human-centered approach in the

design and development of this technology becomes ever more important. For roughly 30 years

now, researchers and practitioners in computational and behavioral sciences have worked to

identify theory and practice that influences the direction of these technologies, and this diverse

work makes up the field of human-computer interaction. Broadly speaking it includes the study of

what technology might be able to do for people and how people might interact with the technology.

In this series we present work which advances the science and technology of developing systems

which are both effective and satisfying for people in a wide variety of contexts. The human-

computer interaction series will focus on theoretical perspectives (such as formal approaches

drawn from a variety of behavioral sciences), practical approaches (such as the techniques for

effectively integrating user needs in system development), and social issues (such as the determinants

of utility, usability and acceptability).
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John Slatin, a well-known Web Accessibility
expert and friend to many people in the
accessibility community, he passed away on
Monday, March 24th 2008. John was in the
middle of writing one of our chapters when he
became too ill to continue. In recognition of
his life and work, we would like to dedicate
this book to him.

v



Acknowledgments

Wewould like to thank the many people who have contributed to the successful
completion of this book – often without knowing it, and in particular Carole
Goble for being our academic inspiration. We are grateful for her advice and
support. On a more personal note, we would individually like to thank the
special people in our lives: I would like to thank my partner, Rina, along with
my family and my extended family of friends for all their love and support over
the years. (Simon)

I would like to thank my family for their support, for which I am forever
indebted. I would also like to thank my husband, Nihat, for always being an
endless source of encouragement. This project like others would not be com-
pleted without his love and support. (Yeliz)

vii



Contents

Part I Understanding Disabilities

Visual Impairments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Armando Barreto

Cognitive and Learning Impairments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Clayton Lewis

Hearing Impairments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Anna Cavender and Richard E. Ladner

Physical Impairment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Shari Trewin

Ageing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Sri H. Kurniawan

Part II Evaluation and Methodologies

Web Accessibility and Guidelines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Simon Harper and Yeliz Yesilada

Web Accessibility Evaluation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Shadi Abou-Zahra

End User Evaluations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Caroline Jay, Darren Lunn, and Eleni Michailidou

Authoring Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Jutta Treviranus

ix



Part III Applications

Assistive Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Alistair D.N. Edwards

Desktop Browsers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
Jon Gunderson

Specialized Browsers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
T. V. Raman

Browser Augmentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Vicki L. Hanson, John T. Richards and Cal Swart

Transcoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
Chieko Asakawa and Hironobu Takagi

Part IV Specialised Areas

Education. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
Paola Salomoni, Silvia Mirri, Stefano Ferretti, and Marco Roccetti

Specialized Documents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
Ethan V. Munson and Maria da Graça C. Pimentel

Multimedia and Graphics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Bob Regan and Andrew Kirkpatrick

Mobile Web and Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
Masahiro Hori and Takashi Kato

Semantic Web . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
Ian Horrocks and Sean Bechhofer

Web 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
Becky Gibson

Universal Usability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
Sarah Horton and Laura Leventhal

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357

x Contents



Contributors

Shadi Abou-Zahra
World Wide Waeb Consortium (W3C), Web Accessibility Initiative (WAI),
France, shadi@w3.org

Chieko Asakawa
IBM Research Division, Tokyo Research Laboratory, yamato-shi,
Kanagawaken, Japan, chie@jp.ibm.com

Armando Barreto
Electrical & Computer Engineering Department and Biomedical Engineering
Department, Florida International University, FL, USA, barretoa@fiu.edu

Sean Bechhofer
University of Manchester, Manchester, UK,
sean.bechhofer@manchester.ac.uk

Anna Cavender
Computer Science and Engineering, University of Washington, Seattle, WA,
USA, cavender@cs.washington.edu

Alistair D. N. Edwards
Department of Computer Science, University of York, Heslington, York, UK,
alistair@cs.york.ac.uk

Stefano Ferretti
Department of Computer Science, University of Bologna, Bologna, Italy,
ferretti@cs.unibo.it

Becky Gibson
IBM, Emerging Technologies, Westford, MA, USA, gibsonb@us.ibm.com

Jon Gunderson
University of Illinois at Urbana/Champaign, Disability Resources and
Educational Resources, Champaign, IL, USA, jongund@uiuc.edu

xi



Vicki L. Hanson
IBM, T J Watson Research Center, Hawthorne, NY, USA, vlh@us.ibm.com

Simon Harper
School of Computer Science, University of Manchester, Manchester, UK,

simon.harper@manchester.ac.uk

Masahiro Hori
Faculty of Informatics, Kansai University, Osaka, Japan,

hormi@res.kutc.kansai-u.ac.jp

Ian Horrocks
University of Manchester, Manchester, UK, horrocks@cs.man.ac.uk

Sarah Horton
Dartmouth College, Academic Computing, Hanover, NH, USA,

sarah.horton@dartmouth.edu

Caroline Jay
Department of Computer Science, University of Manchester, Manchester,

England, caroline.jay@manchester.ac.uk

Takashi Kato
Kansai University, Ryozenji-cho, Takatsuki-shi, Osaka, Japan,

kato@chiral.t.u-tokyo.ac.jp

Andrew Kirkpatrick
Adobe Systems Incorporated, USA, akirkpat@adobe.com

Sri H. Kurniawan
School of Informatics, University of Manchester, Manchester, UK,

s.kurniawan@manchester.ac.uk

Richard E. Ladner
Department of Computer Science & Engineering, University of Washington,

Seattle, WA, USA, ladner@cs.washington.edu

Laura Leventhal
Department of Computer Science, Bowling Green State University, Bowling

Green, OH, USA, leventha@cs.bgsu.edu

Clayton Lewis
Department of Computer Science, University of Colorado, Boulder, CO, USA,

clayton.lewis@colorado.edu

Darren Lunn
School of Computer Science, University of Manchester, Manchester, UK,

darren.lunn@cs.manchester.ac.uk

xii Contributors



Eleni Michailidou
School of Computer Science, University of Manchester, Manchester, UK,
michailidou@cs.man.ac.uk

Silvia Mirri
University of Bologna, Bologna, Italy, mirri@cs.unibo.it

Ethan V Munson
University of Wisconsin-Milwaukee, Milwaukee, WI, USA,
munson@uwm.edu

Maria da Graça C Pimentel
Universidade de Sao Paulo, São Carlos, Brazil, mgp@icmc.sc.usp.br

T. V. Raman
Google Research, USA, raman@google.com

Bob Regan
Adobe Systems Incorporated, USA, bregan@adobe.com

John T. Richards
IBM, T J Watson Research Center, Hawthorne, NY, USA, ajtr@us.ibm.com

Marco Roccetti
Department of Computer Science, University of Bologna, Bologna, Italy,
roccetti@cs.unibo.it

Paola Salomoni
Department of Computer Science, University of Bologna, Bologna, Italy,
salomoni@cs.unibo.it

Cal Swart
IBM, T J Watson Research Center, Hawthorne, NY, USA, cals@us.ibm.com

Hironobu Takagi
IBM Research Division, Tokyo Research Laboratory, Kanagawaken, Japan,
takagih@jp.ibm.com

Jutta Treviranus
Adaptive Technology Resource Center, Faculty of Information Studies,
University of Toronto, Toronto, Ontario, Canada, jutta.treviranus@
utoronto.ca

Shari Trewin
IBM, T J Watson Research Center, Hawthorne, NY, USA, trewin@us.ibm.
com

Yeliz Yesilada
Human Centred Web, School of Computer Science, University of Manchester,
Manchester, UK, yeliz.yesilada@manchester.ac.uk

Contributors xiii



Introduction

Web accessibility conjures the vision of designers, technologists, and researchers

valiantly making the World Wide Web (Web) open to disabled users. While this

maybe true in part, the reality is a little different. Indeed, Web accessibility is

actually about achieving two complementary objectives: (1) reverse engineering

and design rediscovery – correcting our past mistakes by making the current

Web fulfil the original Web vision of access for all and (2) the discovery and

understanding of factors which influence the accessibility of the Web within the

context of the human interaction. It just so happens that in the process of trying

to achieve these objectives, that have for the most part been ignored, we may

understand and even solve, a number of larger scale usability issues faced by

every Web user. Indeed, by understanding disabled-user’s interaction, we

enhance our understanding of all users operating in constrained modalities,

where the user is handicapped by both environment and technology. It is for

this reason thatWeb accessibility is a natural preface to wider Web usability and

universal accessibility; it is also why main-stream human factors researchers take

it so seriously and understand its cross-cutting benefits.

Humans are variously skilled and part of assuring the accessibility of technology
consists of seeing that an individual’s skills match up well with the requirements for
operating the technology. There are two components to this; training the human to
accommodate the needs of the technology and designing the technology to meet the
needs of the human. The better we do the latter, the less we need of the former. One of
the non-trivial tasks given to a designer of human–machine interfaces is tominimize the
need for training. Because computer-based technology is relatively new, we have
concentrated primarily on the learnability aspects of interface design, but efficiency
of use once learning has occurred and automaticity achieved has not received its due
attention. In addition, we have focused largely on the ergonomic problems of users,
sometimes not asking if the software is causing cognetic problems. In the area of
accessibility, efficiency and cognetics can be of primary concern. For example, users
whomust operate a keyboard with a pointer held in their mouths benefit from specially
designed keyboards and well-shaped pointers. However well-made the pointer, how-
ever refined the keyboard layout, and however comfortable the physical environment
we have made for this user, if the software requires more keystrokes than absolutely
necessary, we are not delivering an optimal interface for that user. When we study
interface design, we usually think in terms of accommodating higher mental activities,
the human capabilities of conscious thought and ratiocination. Working with these
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areas of thought bring us to questions of culture and learning, and the problems of
localizing and customizing interface designs. These efforts are essential, but it is almost
paradoxical that most interface designs fail to first assure that the interfaces are
compatible with the universal traits of the human nervous system in particular those
traits that are sub-cortical and that we share with other animals. These characteristics
are independent of culture and learning, and often are unaffected by disabilities. Most
interfaces, whether designed to accommodate accessibility issues or not, fail to satisfy
the more general and lower-level needs of the human nervous system. In the future,
designers should make sure that an interface satisfies the universal properties of the
human brain as a first step to assuring usability at cognitive levels.

Jef Raskin
The Humane Interface

We may imagine that there are many reasons for the Web to be accessible

ranging from moral necessity, through ethical requirement, to legal obligation.

However, the two most compelling are solid mainstream considerations: the

business case and the über use case.
The business case for Web accessibility is strong on three fronts. First, one in

five people over the age of 65 are disabled. Population demographics indicate that

our populations are ageing across the board.As the population ages, the financial

requirement to work longer is increased, but the ability to work longer is reduced

because disability becomes a bar to employment. Secondly, an ageing and

disabled, but Web literate, population indicates a large market for online

shopping and services especially when mobility is a problem for the shopper. A

final benefit for business, keeping inmind that disability does not equal unskilled,

is a highly motivated and skill-rich workforce.With the growth of the knowledge

economy through many developed countries, and a move from manual work

to more thought-and communication-based activities, there is the very real

possibility of disabled Web users being able to finding productive, fulfilling, and

social empowering employment; if only technology, and specifically theWeb, was

available to them.Web accessibility means commercial success.
Web accessibility is really just a über use case because in the end, we will all be

handicapped by the technology or the environment.Work onWeb accessibility is

helping us address many other domains including those centred around user

mobility. For instance, work on physical disability and the Web is helping solve

problems of the usability of mobile technology. By applying the same technology,

used to counter a physically disabled user’s tremors and jerky movements, to

the mobile Web, the operational problems of mobile interaction in moving

environments are being solved. Similarly, mobile Web access suffers from the

interoperability and usability problems that make the Web as difficult to interact

with for mainstream users as it is for visually impaired users. Again, solutions

proposed 3–4 years ago in theWeb accessibility community are now being applied

to mainstream mobile devices. Indeed, a fact often forgotten is that we are all

unique. The disabled user serves as a reminder that Web accessibility is a truly

individual experience and that by understanding the flexible and personalisation

required by disabled users, we can understand that at some point this same
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flexibility and personalisation will be required by all. To understand the needs of

disabled users is to understand the needs of everyone.
An important route to achieveWeb accessibility is to improve our knowledge

and understanding of it through research and innovation. Althoughmany books

have been published on Web accessibility, unfortunately they have been mostly

written from a technical perspective. They do not really tell the whole story –

What about research on Web accessibility? How did it all start? How did it

evolve? Which sub-areas have been developed? What is the current state of the

art?What are the missing pieces? If we want to takeWeb accessibility to the next

level, we need to answer these questions and this book aims to do that. We have

invited experts from different specialised areas of Web accessibility to give us an

overview of their area, discuss the limitations and strengths, and present their

thoughts on the future directions of that area. As the famous Nobel prize

winning research scientist Albert Szent-Gyorgyi said research is to see what

everybody else has seen and to think what nobody else has thought. This book

aims to help research scientists who are new in the area to see what everybody

else has seen and help them think what nobody else thought.

Web Science

SohowdoesWeb accessibility and the foundational research of this book fit into

the new and evolving field ofWeb Science?We can see that practical aspects such

as guidelines and practice-related topics fit more closely into aWeb engineering

context. However,Web accessibility research investigates theWeb from both an

experimental and analytical deployment viewpoint. Indeed, we can see this to be

exactly the perspective of the Web Science Research Initiative.

The Web is an engineered space created through formally specified languages and
protocols. However, because humans are the creators of Web pages and links between
them, their interactions form emergent patterns in the Web at a macroscopic scale.
These human interactions are, in turn, governed by social conventions and laws. Web
science, therefore, must be inherently interdisciplinary; its goal is to both understand
the growth of the Web and to create approaches that allow new powerful and more
beneficial patterns to occur.

Tim Berners-Lee, Wendy Hall, James Hendler et al.
Creating a Science of the Web (Science 11 August 2006)

We can see that these two aspects of experimental, lets say in vitro,1 and

observational, ‘‘in vivo,2 enquiry are closely related and are present with Web

accessibility research. Indeed, by understanding the Web as it evolves in vivo in

concert with running experimental studies in vitro, our work is placed squarely

at the centre of Web Science. Web accessibility research is however missing

1 (Latin: (with)in the glass).
2 (Latin: (with)in the living).
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components of the Web Science vision at the moment in that we do not
investigate the Web as a first-order organism. We do not yet introduce our in
vitro work into the deployed Web and continue to investigate the effects it has
on the Web organism’’ over time.

Keep in Mind

To understand accessibility, the researcher must take account a number of
truths: (1) there is never just one solution; (2) solutions are not simple; (3) a
single solution will never work, instead, combinations of solutions are required;
(4) you do not know the user or their requirements at the granularity required to
make assumptions; and finally, (5) remember that work in theWeb accessibility
field is not only for disabled people, but for organisations and people without
disabilities.3

To build applications and content that allows for heterogeneity, flexibility, and

device independence is incredibly difficult, incredibly challenging, and incredibly

necessary.

Orientation

With this in mind, we will split this book into four main parts. First, we will
examine the intersection between accessibility and disability in an effort to
understand the differing needs of users, and the technology provided to fulfil
those needs; you could consider this to be a Disability Primer.

In Parts II and III, we will investigate the past and current state of play in
Web accessibility research. We will define the tools, techniques, and
technologies in current use to help design, build, check, and transform Web
pages into accessible forms.

Finally, we will present an analysis of the future direction of Web
accessibility based on an investigation of emergent technologies and
techniques. By defining these emergent areas, explaining their effect on the
wider Web, and their possible impact on usability, we may be able to predict
the future direction of Web accessibility, and buy guiding research and
development suggest a different and accessible future for the fast-evolvingWeb.

About this Book

Web accessibility has tended to be considered as a Web Design challenge, and
therefore, existing relevant books are mostly prescriptive tutorials on how to
achieve Web accessibility. However, there are hundreds, if not thousands, of

3 See http://www.w3.org/WAI/EO/.
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research scientists and research and development programmers working in
academia and industry advancing the understanding of the current Web, and
making developments in the next Web, accessible. As such, this book will cover
Web accessibility from a purely broad research perspective. The book is
primarily aimed at academics, scientists, engineers, and postgraduate students
as the definitive, foundational text onWeb Accessibility from a deeply research
perspective. Written by leading experts in the field, it not only provides an
overview of existing research but looks to future developments and includes
expert opinion with the understanding that this kind of insight cannot be
derived purely from existing research publication stores such as Google
Scholar.
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