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Automated test tools are an essential resource for practitioners responsible for

evaluating the accessibility of Web sites. However, both systematic analysis of tool

capabilities and practitioner feedback have identified a range of practical issues that

mar the effectiveness of existing tools. In practice, although automated test tools need

to be used in combination to give good coverage, their lack of consistent user

experience and their diverse reporting formats discourage such combined usage.

Furthermore, test tools are expensive to develop; in addition to core analytical

capability, authors must individually construct the user interface, I/O routines, Web

crawlers, and report writers. In this paper, an architecture is proposed to address these

concerns. In this architecture, tools are developed as plug-ins to an infrastructure that

provides a common user interface, crawling and parsing services, and practitioner-

oriented tools for analysis and reporting. The architecture supports an efficient,

systematic evaluation process and benefits accessibility practice in two distinct ways:

first, it simplifies the task of the evaluator by providing a consistent, integrated, and

efficient user experience for executing, reporting, and communicating a study; second,

it supports an economic model in which tools can release development resources

from mundane software engineering activities in order to invest in the intelligent-agent

development necessary to address the deeper challenges of automated testing.

INTRODUCTION
Accessible design is intended to enable universal

access
1

to interactive systems, regardless of user

impairments and preferred client technology. Such

design supports the specific needs of distinct groups

challenged by impairments related to vision, hear-

ing, motor skills, and cognitive abilities. To use

Shneiderman’s definition, ‘‘Universal usability will

be met when affordable, useful, and usable tech-

nology accommodates the vast majority of the

global population: this entails addressing challenges

of technology variety, user diversity, and gaps in

user knowledge in ways only beginning to be

acknowledged by educational, corporate, and gov-

ernment agencies.’’
2
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Although the methods of accessible design are well

understood, a majority of existing Web sites fail to

& A majority of existing Web
sites fail to meet the
fundamental needs of people
with disabilities &

meet the fundamental needs of people with dis-

abilities. For example, a 2004 study carried out by

City University on behalf of the UK Disability Rights

Commission
3

found that less than 19 percent of all

home pages and only 32 percent of government

home pages conformed to level A, the most basic

level of compliance defined by W3C** (World Wide

Web Consortium) Web Content Accessibility

Guidelines (WCAG).
4

(The WCAG guidelines define

three levels of compliance, with ‘‘A’’ being the

lowest and ‘‘AAA’’ the highest).

This paper is organized as follows. In the next

section we provide a background on accessibility

design issues, existing automated-test-tool technol-

ogy, and our proposed architecture for automated

test tools. In the following section, the details of

current test tool characteristics and adherence to

guidelines are described. We then summarize feed-

back from practitioners on current tools. The next

section outlines design criteria for our test tool

architecture and is followed by a presentation of the

architecture in detail. The paper closes with a

summary of our work and an indication of future

research directions.

BACKGROUND
Design for accessibility encompasses a complex set

of requirements. In particular, because of the

diverse needs involved, testing for compliance with

accessibility requirements can be difficult and time

consuming. Automated test tools could make the

situation easier, but current tools exhibit a series of

issues that make them less than ideal. In the

following sections we discuss these questions in

more detail and then describe our proposed archi-

tecture intended to address these concerns.

Design for accessibility
A diverse range of challenges must be addressed in

design for accessibility. For example, distinct design

responses are necessary to support blind users, as

compared to the support required for users with

other visual impairments such as limited vision or

tunnel vision. In the former case, a key concern is

providing appropriate encoding of content
5

for

screen readers, such as IBM Home Page reader.
6

(Technologies for Disabilities Information Service

[TechDis]
7

defines a screen reader as ‘‘a software

program that reads the contents of the screen aloud

to a user . . . usually used by blind and visually

impaired people. Screen readers cannot read text

that is part of an image.’’) In the case of visual

impairments, the emphasis is on a range of

techniques, such as appropriate typography, sensi-

tivity to the diminished context associated with use

of a screen magnifier, and support for user-defined

font sizes.
8

Additional design responses are required

to facilitate input by users with limited dexterity,

strength, or mobility, users with hearing impair-

ments, and users with specific or general learning

difficulties. Moreover, disabilities are diverse in

degree. Universally usable design recognizes not

only the needs of screen reader users but also the

very real requirements of those whose eyesight and

dexterity are somewhat diminished by age or by

acquired conditions such as carpal tunnel syn-

drome.

Although awareness of disability is critical to

universal usability, designers should not see dis-

ability as the primary defining characteristic of an

audience. Users of assistive technology are primarily

citizens, employees, and social actors, and only

secondarily people living with a disability. Section

508 of the U.S. Rehabilitation Act defines assistive

technology as a ‘‘device or software that substitutes

for or enhances the function of some impaired

ability.’’
9

In this sense, design for accessibility is a

special case of design for usability. The IBM User

Engineering process,
10

for example, recommends an

initial focus in design on goals and constraints. The

goals for accessible design are likely to be similar to

those for nondisabled users, namely research,

communication, learning, buying, and other trans-

actions related to physical, social, and existential

needs.
11

The difference comes in the constraints. A

critical factor in design for accessibility is design for

assistive technology such as screen readers, adapted

keyboards, specialized pointing devices, and built-in

support within browsers and operating-system user

interfaces. From an abstract design process per-

spective, this can be seen as analogous to design for

heterogeneous clients such as WAP (Wireless
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Application Protocol) phones and PDA (Personal

Digital Assistant) devices; each device offers capa-

bilities and constraints that the designer must

understand and respond to.

Because assistive technologies rely on guideline-

compliant content, accessibility advocates recom-

mend that content developers respect these guide-

lines during implementation. For example,

formatting text in HTML (Hypertext Markup Lan-

guage) rather than using style sheets confounds the

user-defined preferences in a browser and makes the

user experience more difficult than it needs to be.

Similarly, a text label rendered as a JPEG (Joint

Photographic Experts Group) image is opaque to a

screen reader without additional tagging.

Although compliant implementation is critical to

success, more challenging issues must be resolved

earlier in the design process. In initial design, for

example, so-called vast-and-fast menus
12

support

recognition over recall for sighted users,
13

but for

users of screen readers this design pattern imposes

an unacceptable burden on working memory. Like-

wise, during detailed design, visual designers may

need to make trade-offs between contemporary

typographic aesthetics that value compact, low-

contrast typography and the needs of readers with

low vision.

Rittel
14

distinguishes tame and wicked problems.

Tame problems can be analyzed by established

methods and have a single and recognizable

solution. In contrast, wicked problems are hard to

define to the satisfaction of all stakeholders, have no

clear stopping rules (rules to determine when

sufficient work has been done), have better or worse

(rather than right or wrong) solutions, have no

objective measure of success, have no given alter-

native solutions, and often have moral, political,

and professional dimensions. Tame problems are

solved by rigorously following a specified proce-

dure, but wicked problems are addressed by

argumentation. Whereas checking for compliance

with guidelines is a tame and tractable problem,

problems of the class described here for accessibility

design are wicked problems and can only be solved

by argumentation and designer insight.

Design for accessibility offers value to both users

and stakeholders. In particular, although acknowl-

edging the poor quality of much design,
3

some blind

users nevertheless see the Web as fundamentally

enabling.
15

For stakeholders, accessible design

& Design for accessibility
is a special case of design
for usability &

supports organizational goals related to both busi-

ness development and risk avoidance. For example,

in the UK, people with disabilities represent both a

significant marketplace and also a large pool of

potential employee talent. In fact, according to a

disability briefing published by the UK Disability

Rights Commission,
16

nearly one in five people of

working age is disabled, with disabled people only

half as likely as nondisabled people to be in

employment.

Design for accessibility is also a regulatory com-

pliance issue because many countries have imple-

mented aggressive legislation to ensure reasonable

access to services. Examples include the UK

Disability Discrimination Act
17

and Section 508 of

the U.S. Rehabilitation Act.
18

Testing for accessibility

A distinct feature of contemporary user-experience

design methods is an emphasis on rigorous evalua-

tion of design proposals.
10,19

Empirical testing with

users
20

is frequently preferred because of its

sensitivity and evidential weight. However, inspec-

tion methods, such as Nielsen’s heuristic evalua-

tion,
13

are widely used in commercial work as a

result of their lower cost, faster turnaround,
21

and

technical focus.

Both of these methods are used in evaluating the

user experience for users with disabilities. Given the

importance of standards compliance, however,

testing for accessibility also typically involves

automated test tools. Such tools crawl through a

Web site and identify various coding solecisms, such

as malformed HTML or the absence of tags essential

to assistive technology. Automated test tools are

relatively naive. For example, they can reliably

detect the presence or absence of an HTML ,ALT.

attribute but are unable to form a judgment as to

whether the tag’s content is helpful. Test tools are

not restricted to HTML validation; for example, IBM
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