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ABSTRACT retrieved by a server from an underlying file system and

This paper considers different ways to enhance access to the
World Wide Web for persons with sensory, cognitive, or
motor limitations. Paradoxically, while complex Web
architectures may seem to have inhibited accessibility, they
have broadened the range of points where we can try to
improve it. This paper identifies these points and evaluates
the advantages and disadvantages of each. In particular, it
describes a project to develop a strategy to enhance access
that can be distributed across multiple control points and
implemented as an aggregation of Web services.
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INTRODUCTION

The World Wide Web provides an increasing proportion of
the services that in many developed societies are necessary
for full economic, cultural, and political participation.
Recognition of this crucial role has fomented an insistent
regulatory climate in many areas of the world that
encourages and protects access to the Web by persons with
disabilities [3]. The number of persons with disabilities
trying to access the Web is rising, propelled mainly by the
increasing proportion of the aged in populations of
developed countries [10].

PROGRESS AND SEMANTIC OBSCURITY

Regulatory directives, such as "Section 508"[9] and Web
design standards such as those promulgated by the W3C
Web Accessibility Initiative (WAI)[12] work in concert to
inform developers how to protect and enhance access to the
Web. However, the increasingly rapid evolution of Web
technologies makes it difficult for such regulations and
standards to keep pace.

At its beginnings, the currency of World Wide Web was the
simple Hypertext Markup Language (HTML) document,
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sent to the requesting browser. Its two-layer architecture
(see figure 1) and constrained media choices largely limited
to text did little more to obscure document semantics than
did earlier Internet tools such as Gopher or Archie, for
example. Although the aim of HTML was not to enhance
the semantic structure of the information it presented, as
developers inventively and idiosyncratically applied its
features, it became a significant contributor to semantic
turbidity.

HTTP Response—»]
Web Server Browser
l———HTTP Request
®
>
2
F=
[
B
File System

Figure 1 Simple page retrieval model from the early
Web

Web architectures have diversified, supporting purposes
that have moved beyond the sharing and exploration of data
to include graphics and animation, video and audio, and
personalized interactive rich media. With Web pages being
generated by servlets, or server-side scripts, for example, or
with style sheets directing their final rendering, the
information models for Web applications have separated
from the way they are presented (see Figure 2). This gap
proves troublesome to assistive technologies trying to
reconstruct an information model by operating at the user
interface.
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Figure 2: Example of multi-layer Web architecture

Indeed, Web developers increasingly build upon Web
services, stretching even further the gap between the user
experience at the interface and the underlying semantics.
While increasing architectural complexity compromises
access to the Web by obscuring the semantics of its
information model, that same complexity may engender
novel ways to enhance access by calling upon Web services.

ACCESSIBILITY CONTROL POINTS

Web pages are retrieved or assembled along a pipeline that
runs from the information model resident on the server at
one end to the rendering mechanisms that determine the
user experience at the other (see Figure 2). A set of control
points along this pipeline offer places where accessibility
technologies can be applied. These are discussed in the next
sections.

EXTERNAL ADAPTERS

External hardware or software that replaces or modifies
customary inputs or outputs can enhance access to Web
content. For example, the Archimedes Project's Total
Access Processor [6] can be set up to transform a user's
speech into a character stream presented to a Web page just
as if it had been produced at the keyboard. Similarly,
commercially available speech recognition systems typically
offer a control mode for adapting other applications
including those on the Web to speech input. The
independence of the external adapter from the Web browser
consigns it to relative ignorance about the browser’s state
and the information model used to render its content. For
example, an output adapter attempting to transform Web
content into an audio stream needs some information about
the information model. Without it, the audio stream will be
little more than a parroting of the organization of the visual
user interface with few of the directives one normally hears
in speech but rarely sees in text.

ADAPTIVE RENDERERS

Moving from outside of the Web browser to inside, we
consider adaptations that can take place there. At the Web's
beginnings, whatever representation the server sent to the
browser largely defined user experience. Later, style sheets
were introduced that allowed browsers to adapt Web
content. For most Web pages, there is little semantic

information for style sheets to work on, so their scope is
limited to directing the way information is presented. For
example, although images serve a variety of purposes on
Web pages, from illustration and backgrounds for text, to
formatting spacers, they appear syntactically homogeneous,
so a general Cascading Style Sheet (CSS) cannot treat them
differently. For example, imagine an image on a Web page.
that illustrates a product and another that provides an area
of dark background over which the product’s name written
in white text. Using a style sheet to remove all images might
also make the product name invisible with its white text now
showing over a white background. Because style sheets
cannot analyze a page and infer semantics, their actions can
produce unwanted side effects.

Web page readers, such as IBM Home Page Reader™ [6]
illustrate another class of adaptive renderers that transform
visual Web user interfaces into auditory ones. Operating in
a semantically impoverished environment, they render
content and navigation cues using the Document Object
Model (DOM) of a Web page as well as some heuristics
about how pages are organized (e.g., navigation bar links
typically are on the upper left side or at the bottom of a

page).

MULTIMODAL REPRESENTATIONS AND PROTOCOLS
Some recent proposals to enhance access advocate
enriching and extending the information needed to manage
an interaction with the end user. This information provides
alternative ways for an interaction to be realized, depending
on the user’s preference. For example, VoiceXML [1]
provides a means to create Web interactions with users who
use voice-enabled browsers or telephones. It presages a set
of rich XML-based protocols that can specify the
information needed to adapt Web content to users'
preferences and capabilities.

Coupled with such semantically rich representations is a set
of comprehensive proposals for adaptive protocols built
along the lines of the peer-to-peer, universal plug-and-play
(UPnP) protocol. For example, the developing Alternative
Interface  Access Protocol (AIAP)[7] establishes
communication between one control point dispensing an
XML-based abstract representation of a document and
another that transforms that representation into a concrete,
accessible user interface on a particular device. The
protocol will handle the discovery of control points and the
negotiation of both device and user preferences and
capabilities.  Negotiated dynamic construction of user
interfaces can be applied not only hardware.devices, but to
Web clients communicating with content servers.

COMPARING CONTROL POINTS

Most assistive technologies for the Web operate on the
client device as external adapters or adaptive renderers at
the opposite end of the pipeline from the information
model. For example, a general-purpose software screen
magnifier sees the screen as pixels that appear the same no



matter whether they form text or image. Similarly, a screen
reader operating on HTML elements cannot recognize the
cues in an online news site that could be used to organize
how the material should be read aloud. Without heuristics, it
follows an unchanging pattern, such as top to bottom, left to
right.

Adapters tend to focus on a single disability, falling short of
the needs of those with multiple limitations. For example,
applications to support learning disabled readers have
nothing except text-to-speech to support blind users, even
though such users may have problems processing aural
language. The software assumes that these users can see, in
the same way that Web page readers assume that users can
hear. Moving the accessibility control point away from the
client opens the possibility of dynamically composing
adapters to deal with a particular user’s requirements
instead of building a static set based on assumptions.

End users generally must purchase assistive technology for
their own use and, even if it is subsidized, they usually must
install and support it. Even in the workplace, those charged
with maintaining information technology are most often
unfamiliar with assistive hardware and software. Shifting
the control point for adaptation away from the client
practically ensures that the organization hosting the
adaptation mechanism will bear the costs of its acquisition,
installation, and support.

Neither current standards nor regulations require Web pages
to be directly accessible. In fact, adapters are part of the
definition of what it means for information technology to be
accessible. For example, Web Accessibility Initiative
recommends “[to] make programmatic elements such as
scripts and applets directly accessible or compatible with
assistive technologies.”[2]. Following standards can only go
part of the way to achieving directly accessible Web pages.
The standards pursue the more practical goal of indirect
accessibility where the access is mediated by assistive
technology.

Multimodal representations combined with the ability to
dynamically configure appropriate user interfaces will grant
effective access to information technology that can make
use of them. For example, manufacturers of consumer
products could economically embed the means for their
devices to interact with other devices to construct an
interface that meets particular users’ requirements. For
example, a rheostat controlling room lighting and a personal
digital assistant (PDA) might mutually discover one another
using a protocol such as Jini™ [5] and construct an
interface on the PDA that would allow its user to control
illumination.

Multimodal representations and technologies to create
accommodative interfaces will succeed as long as they
contribute a small portion of the cost of production. While
this is plausible for high traffic commercial Web sites, the

preponderance of Web documents cost so little to produce
in the first place that the inclusion of multiple
representations would seem prohibitive. Furthermore,
because so many documents available on the Web are
created with no anticipation of Web presentation, their
authors have neither reason nor opportunity to consider
representing them with different modalities.

Distributed Adaptation: Web Accessibility Service (WAS)
We have developed a prototype service to evaluate the
alternative of operating over a range of accessibility control
points, instead of concentrating on one. The service
transforms the contents of HTTP requests and responses
flowing between Web client and server so that they meet
users’ requirements for access. Besides making these
transformations, the service also provides whatever is
necessary to render the transformations appropriately on the
client.

By distributing the service across several control points
rather than implementing it only upon the client, we reap
several powerful advantages, although not without cost.
The service is provided through a Web intermediary that
adopts many of the roles of both server and client. The
intermediary aggregates and orders whatever discrete
functions are necessary to meet users’ accessibility
requirements. For example, a user with the combination of
hemianopsia and hemiparesis may require that both display
and keyboard require adaptation to meet his or her visual
and dexterity limitations. Where no single assistive
technology handles both, WAS can configure a service
adapting both display and keyboard [10].

Another goal of this effort involves freeing the user from
the requirement of having to use a particular device
equipped with assistive technology. The pervasiveness of
the Web confronts users with public or shared devices that
are not pre-configured with assistive technology appropriate
to any particular user’s requirements. WAS can adapt to
user requirements anywhere insofar as the client device can
be dynamically configured to support the required
renderings.

The service can be broken down into four parts: (1) signon,
authentication, and registration (2) user preference retrieval
and update, (3) accessibility transformations, and (4)
session management.

Signon, authentication, and registration

Signon, authentication, and registration operations pose a
difficult bootstrapping problem: how does WAS provide
access to the user before having identified that user and
retrieved a record of his or her interaction preferences? The
problem of providing an initial interface without knowing
the user’s capabilities can be solved through a succession of
interactions that incrementally construct an adaptive
interface [4]. The prototype signon procedure works well
only for users with low-vision. In the future, it will



contribute to a layered adaptive interface that will also be
able to use speech for input and output.

Mechanisms to access user preference records securely
cannot use standard browser authentication mechanisms
because they require users to be able to read small text and
type. Consequently, WAS must provide its own secure
authentication mechanism that can be adapted to different
user requirements.

User Preference Retrieval

User preferences are represented in XML and define the
transforms that will be applied to Web content to render it
accessible to a particular user using a particular type of
device. Once retrieved, the XML directly guides the
application of the series of transforms (see Figure 3).

Client Device
Browser Web Server

3 b1 x

3z a g 2 0 B

B E £3 E

¢ T l =& EIE

Web Intermediary

Authenticator hasier | ranscode lnformaiiqn
Model Builder
Poster

Style Sheet

L
'_‘

: i Markup to
Transformation Librai
v DOM
Text and image ¢ Text-to-speech
contrast enhancement ¢  Page linearization i i
Text and image Page simplification 'Snttaetlc rg::er;pt
magnfication Browser control P
¢ Background modification
suppression History services
Margin and leading Link aggregation
adjustment Text summarization
¢ Font normalization

Secure Database and LDAP Services

User Preferences/ lSesslon Data H Device Data
Requirements

|

Figure 3: Functional Components of Web Accessibility
Service

Accessibility Transformations

The accessibility service can be applied only to the
Hypertext Transport Protocol (HTTP). Its current aim is to
transform documents composed of Hypertext Markup
Language (HTML) and JavaScript. Other document
representations (e.g., Portable Document Format (PDF™),
Flash™) are planned for future implementation.

The page is retrieved, parsed, and converted into its
corresponding Document Object Model (DOM) form.
Some transforms, such as those applied to text, can be
executed with style sheets. Others, such as image
transforms, require programmatic manipulation. Still others,
such as auditory rendering or dynamic keyboard adaptation,
are handled by injecting JavaScript and Java applets into the

page so that the transformations can be handled locally on
the client device.

Session Management

The accessibility service introduces complexity to the task
of managing Web transactions. If the transformations must
be applied to a Secure Sockets Layer (SSL) connection, the
service must replace the session between the user’s browser
and the Web server with two separate sessions and apply its
transformations in between them. Because WAS transforms
the transaction contents while they are unencrypted, the
service itself must be operated from a secure server.

To simplify a page may entail breaking it up into a set of
less complex pages among which the user may navigate.
Because serving of these new pages must be handled by the
service, instead of the content server, WAS must rewrite
links on pages, ensure that they are resolved correctly, and
appropriately negotiate cookie transactions.

CONCLUSION

We are developing an intermediary-based strategy to
enhance access to the Web that relieves some of the
problems that beset conventional client-based assistive
technology. In particular, moving the control point for
accessibility away from the client enables this service to
compose adaptations tailored to a user’s particular
preferences and capabilities. Moreover, it transfers the cost
to acquire, operate, and maintain adaptive technology to
either Web content providers or Internet Service Providers
(ISP). Finally, because of its multiple roles as browser,
server, and transformational engine, it can co-evolve with
the emerging, semantically enriched representations that will
simplify adaptive access in the future.
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