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Abstract - : Universal accessibility is one of the primary targets in the development of the World Wide Web
(WWW), but unfortunately some groups of people have problems in accessing the WWW efficiently. Clearly,
blind users are such a group that must deal firstly with the reading task of a web page. Secondly, because the
WWW has turned into a highly interactive media and web pages are designed with sighted users in mind, blind
users have to overcome the problem of inefficient within-web-page and across document browsing. This paper
presents and discusses an ongoing research effort which aims to exploit the idea of semantic web for improving
the efficiency and effectiveness of the information seeking process of blind users. A set of tools are described
which are used to semantically enrich web-based digital libraries and therefore make browsing of blind people
more rational and therefore more efficient. Taken together the proposed tools (an ontology editor, an annotation
tool and a specialized voice web browser) shape a methodology that could produce semantically enhanced web-
based digital libraries, and could potentially make information seeking in the WWW easier for the blind people.
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that web pages are designed with sighted users in
mind which are experienced in the desktop metaphor.
A typica web page presents a lot of information
which is visually fragmented and organized into
groups. Also, navigational aids such as navigation
bars or menus are designed and located in the screen
having sighted users in mind. User studies show that
sighted users can orient themselves within this
complex page design within few seconds|[3].

1 Introduction

Internet and the World Wide Web (WWW) especially
are nowadays a vast information and knowledge
source. All thisinformation and knowledgeis used for
a wide range of daily activities such as question
answering, problem solving, education, work,
entertainment, using public or administrative services
etc. Unfortunately, navigation of this complex
hypermedia environment and information seeking in

this vast information source is not an easy task. The
problems of high cognitive overhead, user
disorientation, low efficiency in such large electronic
information seeking environments, has long been
considered as serious issues in the relevant literature
[10].

The potentially complex task of information seeking
in the WWW is further complicated when the end-
user is blind or visualy impared (VI). The
development of Graphical User Interfaces and
windows based environments made this problem even
more difficult because the WWW followed the same
graphical design paradigm making the information
seeking task difficult for blind people. It is eminent,

Unfortunately, for blind people or visually impaired
al these visual cues and navigation aids are lost.
Typica screen readers used by VI read the
information in the web page from the top left to the
bottom right, without providing any assistance to the
V1 to comprehend the structure of the web page under
examination or to move to a particular web page
element or navigational aid.

To alleviate the accessibility problem for VI, the last
few years, some ideas have come forward from
initiatives such as the W3C Web Accessihility
Initiative (WAI) and several ideas have been
suggested. More specific the W3C WAI has published
a set of guidelines referring to web authors [2], and
also to developers of web browsers [7] and web
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authoring tools [12], which provide a common
standard for assessing and improving the accessibility
of web content, agents and authoring tools. However,
the W3C guidelines are mainly concerned with text
aternatives, correct use of markup. An overal
systematic analysis of how VI users browse and seek
information in the WWW is missing. Our research
work is mainly driven by our belief that despite the
ground vision set by the W3C accessibility guidelines,
complementary work in other directionsis required on
top of the work done by the W3C WAI to dea with
the accessibility problem in a more complete and
effective  manner. In  our opinion, these
complementary directions should carefully examine
the WWW as a complex and highly interactive digital
library, hypermedia-based information seeking
environment. If the WWW is examined using this
approach, the issues and problems that confront VI in
efficient browsing or effective seeking information in
the WWW could be dealt better.

For example, apart from the accessibility problems
discussed in W3C’s guidelines, there is also another
parameter that today emerges as new aspect of the
problem. This is the usability of accessible web pages
and in general how seeking information, could be less
disorientated and develop less cognitive overhead for
blind users. This simply means that regardless of a
web page is rated as accessible according to the
existing W3C rules, there might still be some
problems for blind users, to retrieve the information
required. Globe et al [3][4], describe these kind of
problems that VI confront when navigating in the
WWW using the metaphor of traveling in an
environment such as a city. It is clear cut, usability
problems are even more difficult than accessibility
ones. Accessibility problems have to do more with the
syntactic aspects of aweb page. On the other hand the
usability issues occur during the complex information
seeking process.

For accessibility problems W3C WAI has suggested
an approach that is based on the idea of “Design for
al” [11]. Web sites developed based on this idea
separate the actual content from the presentation of it.
The main benefit from this approach is that different
representations may be produced for the same
information. To this direction, there are today
standards such as the Cascading Style Sheets (CSS).
CSS files gather a set of presentation rules that are
applied in a web page. CSS leave the web page only
with its structural and semantic elements such as
headings, tables, lists etc. The accessibility features
that are provided from CSS are also analyzed by W3C
[7]. In addition to the standard rules of CSS the last

W3C recommendation on CSS level 2 revision 1,
includes a feature of Aura Style Sheets for aurd
representation of documents. This means that a
developer who uses this module can define the
changes in the voice that are needed and improve this
way the aural presentation of a document.

In addition to the separation of structura and
representational elements in web pages there is also
the concept of metadata within web pages that is
widely used in the “Design for al” principles.
Metadata are information, in a machine readable
form, that describes the content of a document.
Metadata is a key concept to the notion of the
Semantic Web [1]. In Semantic Web content is not
only human-understandable but machine-
understandable too. This means that programs such as
web browsers or web crawlers will be able to
understand the meaning of documents and process
them appropriately. In our research problem, metadata
could be used for many reasons such as to describe to
the blind user what kind of information exists on a
page and what kind of visual cues or navigational aids
are available to assist him in the navigation of the
document.

Technically the use of metadata was actualy
implemented and boosted by the development of
eXtensible Mark-up Language (XML) that is for the
creation of customized languages for different
purposes. Today they are aready known many
applications of XML for a wide range of purposes
such as MathML, SVG etc. In the field of web
accessibility, W3C has lately proposed as
recommendation a new language especialy for aura
presentation of document called Speech Synthesis
Markup Language (SSML). Another language
developed for similar reason is VoiceXML which
helps in producing voice controlled web applications.

XML aso inspired researchers who proposed
solutions for accessibility and usability problems.
Huang and Sundaresan [5] [6] for example, use it for
transforming web pages so that they meet user needs
when deadling with service providing web sites.
Yesilada uses it [14] in order to improve mobility and
usability issues of blind usersin the web.

The latter show that metadata and XML as the new
trend of the Semantic Web can become very helpful
in the solution of many issues. In our work metadata
and the general idea of Semantic Web is applied to
solve usability issues in the web and improve the
browsing experience of blind users. More specificaly,
we aim in making their information seeking processin
the web more effective and efficient. The goal is to
enable blind users navigate the web in a more



rationalized way, closer to the one used by sighted
users.

2 Adding and using semantics

It is true the idea of Semantic Web has raised a series
of different expectations. As Marsha and Shipman
state [15] “The Semantic Web is the outgrowth of
many diverse desires and influences, al amed at
making better use of the Web as it stands.” From the
Wa3C'’ s inception, there was a perceived need to bring
order to the loosely connected networks of digital
documents that made up the Web. Although this order
was to be redlized by consortium’s development of
standards, it would also reflect the order that libraries
have and the Web does not — a consistent structure by
which people can access materials.

In our research work the idea of Semantic Web is
used for two specific purposes. Thefirst is to provide
web authors a method to make navigation of their web
pages easier for blind people by alowing easier
access of blind users in navigational aids. It is well
known that in order to support across document
browsing usualy designers and developers of web
applications provide users with various navigational
aids such as navigationa bars, guided tours or
landmark documents that could assist them in the
information seeking process. Blind users need these
aids even more, because this is how they navigate in
physica environments. However, the detection,
recognition and approach of these aidsis mostly based
on their visual appearance (e.g. color, position on the
page). This design prevents blind users to use these
navigational aids because they cannot identify them
easy.

It should be stressed that the issues raised and the
problems discussed in the previous paragraph are not
solved by guidelines such as the W3C Accessibility
Guidelines (WCAG). WCAG is a set of rules for
overcoming accessibility problems of VI, in an effort
to ensure that web pages and user interface elements
could be reasonably accessed by VI without extreme
difficulty and perhaps without discarding any
information. However, these guidelines deal more
with accessibility issues of user interface elements,
and do not take into strong consideration the
problems encountered during an information seeking
process that have been discussed previously.

In our work, metadata are firstly used to semantically
enrich web pages for navigational purposes. One
method to enrich web pages is to identify the various
elements such as menus, search boxes, site maps etc.
which are available in web pages. Metadata can be
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utilized in various ways. The first oneis to supply the
blind user with browsing shortcuts to this visual cues
and navigational aids. This gives blind users a variety
of landmarks within a page to make better the within
page browsing process.

The second use of metadata in our work is to
semantically annotate the actual content of web pages.
This type of annotation can be utilized in various
ways too. The first one is similar to browsing
shortcuts for visua cues and navigational aids (e.g.
move directly to sports news headlines on a portal
page). Similarly, web pages could also be rearranged
from the browser based on either previous user
behavior or user request. In addition this information
will mainly help in the across document browsing
since it will enable a scanning simulation process
which will give a brief overview of the page content
(e.g. this page has 3 sports headlines about football
and 5 about basketball).

From a technical perspective, the framework which is
discussed above requires three components/software
tools which in our implementation are:

a specialized ontology editor called ONAR which
is used to create a semantic vocabulary based on
an ontological approach.

An annotation tool, which is used by web authors
or specialy trained annotators to enrich web
pages with annotations which are integrated
internally into web pages or stored externaly in
annotation files using RDF form.

A specidlized voice web browser, called
Polephemos, which exploits the annotations
accompanied a web page in order to semantically
enhance the browsing.

2.1 ONAR —an Ontology Editor

The tool which is developed to create the vocabulary
used for annotations is an ontology editor called
ONAR. Using ONAR annotators use a vocabulary
(described using OWL) containing definitions for
visual elements or navigational aids commonly used
in web sites, such as menus, table of contents, site
maps, navigation bars etc.

The utilization of OWL in order to define semanticsis
based on a graphical environment that enables the
web designer to create ontologies that will be used for
the annotation. The Conceptualization Designer
(Figure 1) follows the frame based logic of Web
ontologies.



The Conceptualization Designer enables the web
designer to graphically define the entities (OWL
classes) and their relations (OWL object properties)
using areduced, simplified set of OWL language. The
st of the OWL language elements that the
Conceptualization Designer contains the following
elements:

a) Classess OWL classes and inheritance is
supported. The designer can define entities of
instance based on OWL standard.

b) Object properties. Object properties are
supported in order the tool to facilitate the
semantic relations between concepts

c) Datatype Properties: The designer can define
specia characteristics of classes as Datatype
properties. Also the tool enable cardinality as
itis defined in OWL-Lite.

The composition of the ontologies is done using the
graphical environment while the tool produces the
corresponding OWL file. The tool enables the import
of ontologies in order to facilitate the composition of

complex ontologies from a set of ontologies.
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Figure 1: The conceptualization designer

2.2 Annotation tool

The metadata which are used by the voice web
browser (Polephemos) are integrated into web pages
using an annotation tool. The annotation tool enables
web authors and annotators to produce annotations
without needing to know their actual syntactic form.
The set of annotations for a particular web page can
be stored in two possible ways. The first is an HTML
or XHTML file containing both the web page content
and the additional metadata needed. The second is to
an external Resource Description Framework (RDF)
file containing the annotations for a web page or alist
of web pages (based on a URL pattern matching
algorithm). This type of external annotation file is
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also used for creating annotation templates for a set of
web pages by describing their URL using a regular
expression. This was done in order to be able to
annotate awhole web site or a subset, if it follows the
same structure, based on the annotation of a single
web page.

2.3 Polephemos

The third tool in the proposed application framework
is a specidized voice web browser called
Polephemos. The main idea behind Polephemos is to
have a browser that exploits metadata and provide
useful information about visua cues, structural
elements and navigational aidsto theblind user.

At the current stage of our research work the
vocabulary was focused on structural elements and
visual cues that exist in web pages and would be
helpful for blind users to know their existence and
browse amongst them. The Polephemos browser also
focuses currently on providing solutions for more
efficient within-web-page browsing. However, the
principles used are applicable in order to use them for
across-document browsing. Finaly separately from
this basic idea, there are also a number of other
features in the Polephemos prototype that facilitate
basic browsing within web pages.

2.3.1 Shortcuts selection

The selection of keyboard shortcuts for the use of the
browser isavery crucial point when having to do with
blind users that have to learn and remember them.
Many of the browser's functions are inevitably
common with Internet Explorer (IE) so the shortcuts
selected for these functionalities were the same with
those used in IE. This way the learning curve of
Polephemos could be shorter. For the selection of
other features' shortcuts, not present in IE, Jaws
which is a widely used screen reader was considered
as an inspiration. This decison was made mainly
because of the background of the users that were
going to test the browser in the experiment described
further down in the article. Finally for all other
functions not included in either of the previous tools
(IE and Jaws) the shortcuts were based on initial
letters of the functions. This would make easier their
memorization.

2.3.2 Basic web browsing functions.

Polephemos provides a series of basic browsing
functions that facilitate general purpose browsing in
the WWW. First of al it has the ability, as al



browsers, to move back and forward in web pages
already visited using the Alt and Left of Right arrows
respectively. It can also move directly to the home
page defined in the system by pressing Alt+Home.
The user can enter his own address by using either
Alt+D or InstF7 shortcut and can read the URL
currently browsing be pressing Alt+R. Finally he can
move directly to the beginning or the end of a web
page using the Home and End keys respectively and
can find certain text within the document using
Control+F to type in text to be searched and F3 on
order to find more instances of the text within the
document.

Polephemos analyses a web page using the Document
Object Model (DOM) of an HTML document. The
anaysis of a document based on DOM is done in two
levels. The first one returns a list of HTML elements
to be heard by the blind user, called browsing list. The
browsing list depends on the browsing mode selected
(full content or links only are implemented so far).
The full content browsing mode (selected pressing
Alt+A) contains elements that when added together,
don't subtract any information from the whole
document.

As aready said, the browsing list changes when the
browsing mode changes. Browsing mode is the first
of the two levels of decomposition of the document.
In this first prototype apart from the browsing mode
to the full content there is also a browsing mode for
browsing the links of a web page. Changing the
browsing mode affects the browsing list and changes
it so that it contains the appropriate elements. In the
case of links mode (selected pressing Alt+L) the list
consists of all the links included in aweb page.

2.3.3 Speaking modes

The second level of decomposition is the one that
combinesthe HTML and DOM analysis with the text-
to-speech (TtS) engine. In Polephemos the speech is
produced by DEMOSTHeNES Speech Composer
which is a general-purpose multilingual and polyglot
software (TtS) system that supports the English and
the Greek languages [13]. The user has 3 options in
selecting a speaking mode, i.e paragraphs, sentences
or words.

2.3.4 Special elementsbrowsing

The distinctive feature of Polephemosisthat it is able
to identify certain annotations within an HTML
document and use them to inform the user about the
existence of various specia elements such as
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navigational aids, menus, forms etc. The user hears
the list of the browsing shortcuts, and can select one
to move his reading focus to this point immediately.
At thisfirst development stage, Polephemosis able to
identify these annotations by having alist of Attribute
Names, Attribute Values and Descriptions. This
means that it searches for HTML elements having
specific “reserved” attribute names and values and if
found it uses the respective description to inform the
user that the specific visual element exists. Thislist is
kept in a comma separated text file that contains
triples of the previous variables. This set of triples is
formed based on the vocabulary that will be described
further down.

Browsing Mode: Speaking M ode:
Whole Content Paragraphs
<UL>

RS AN IR

<LI> First Item </L1>

<LI>Last Item </LI>
</UL>

v

| <P> First paragraph... </P>

<P> Last paragraph... </P>

Figure 2: Diagram of 2 levels decomposition

P Edpen Moo Evtprocs Aramidvs. b

Mivakag Neplexopévwy Table of contents

Figure3: Screenshot of Polephemoswith available special
elements shown in rectangles

Web pages that have elements with these certain
Attributes and their Values can be recognized by the
Polephemos browser which will give the user even
more functionality. The browser informs the user of
their existence and enables him in moving directly to




each of them. As an example let's consider a web
page constructed having accessibility rules in mind
and using CSS for the presentation of various
elements on a web page. If the following code is used
for a menu, then the triple needed in the text file
previously described is “id, menu, Navigation Menu”.
Since this triple exists, Polephemos will identify and
inform the user that there is a menu on the web page.

<div id="menu">

<ul>

<li> Home Page</li>

<li> Events</li>

<li> Links</li>

</ul>

</div>

When the user wants to identify possible elementsthat
exist in a web page uses the Alt+l shortcut and the
browser will then inform him if any annotations-
elements were found. The elements found are
automatically placed on alist that can be accessed in a
circular way using the Alt+Up and Down shortcuts.
Every time the user moves to an element the browser
informs where s/he is and can then browse the page
by using the Up and Down keys. When the user
reaches the end of the element he selected, s’he can
continue browsing to the rest of the page as if he was
reading the whole text.

3 A case study — adding semantics

to a web-based encyclopedia

To apply our methodology and to construct an
experimental environment for evaluation purposes, we
have used as a testbed the web based Greek
encyclopedia “Science & Life’ (www.gnosinet.gr).
The encyclopedia is the largest Greek on-line
encyclopedia with over 150.000 text and lexicon
articles, and about 15.000 multimedia items (maps,
photographs etc). It provides multiple ways for
information seeking (thematic, aphabetic, query-
based, multimedia retrieval) and it is a quite
demanding information seeking environment.

In our previous visits in Blind people’s schools to
discuss their problems in seeking information on the
WWW, we have noticed the difficulty that blind users
had to use the on-line encyclopedia. Therefore, we
decided to apply our methodology in this web-based
digital library.

We have selected a subset from encyclopedia's
content and we have created a vocabulary using
ONAR to describe the various elements of
encyclopediads web pages. A web site was
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constructed having in mind accessibility and also
containing metadata in the form that was described in
Section 2. The metadata were integrated to the web
pages by using the annotation tool and the vocabulary
described above. To keep the experimental
environment simple, only 3 special elements were
available: Navigation bar, table of contents and main
content (Figure 3).

An initial experiment was conducted using six blind
users. The 6 blind usersinvolved were separated in 2
groups. Each user conducted 3 search sessions based
on agiven question. The first group was given one set
of questions to answer and users were not informed
for the existence of semantically enhanced browsing.
In the second group users were informed of the
semantically enhanced browsing and how to useiit.

Although some margina differences were measured,
statistical analysis of the log files showed no
significant differencesin terms of time and keystrokes
needed for answering a question. However, we
believe that a larger experimental environment with
more shortcuts available and a bigger set of
information could give important differences.

The questionnaire that was answered by blind users
after the experiment, provided useful feedback
indicating that the browser was quite user friendly and
the shortcuts feature was very helpful. More specific
all users rated as highly useful the shortcuts feature
and the usability increased radically when the feature
was used.

Finally, in the interviews after the experiment most of
the users pointed out the usefulness of the shortcuts
and asked for further development of this feature.
Thisis quite encouraging to continue our work in this
direction.

In the time of writing this paper we are preparing a
larger experiment using the complete web based
encyclopedia and al the features and information
seeking methods which are available in it. We aim to
evaluate and compare the information seeking
performance of blind users with and without
Polephemos (semantically enhanced browsing in
comparison to “normal” browsing). We also aim to
compare the performance of sighted users with this of
blind users using semantically enhanced browsing.

4 Limitations & Conclusions

The paper presented the idea of exploiting metadata
within web pages in the implementation of a web
browser for blind users that would enable them to
browse quicker and easier within web pages. The



“Semantic Web” which is the new trend in web
development can also become useful in cases such as
this. From the initial evaluation of the prototype the
results showed a good response of the blind users to
the idea and would like to see it implemented even
further.

Of course, conducting user-centered experimentsis an
extremely difficult task and usualy bounded with
limitations. First, because there are so many different
variables that someone must take into account.
Second, it requires a large effort to organise a user-
centered evauation. The experiment which is briefly
described in this paper is large enough (6 blind users
were involved conducting 36 search sessions), but
clearly further experiments are required to reach
statistically significant conclusions. Because the
results cannot be validated statistically, the views and
statements reported in this paper should be regarded
asindicative and tentative.

To expand this idea there are two magjor issues that
should be taken into account. First of al, not all web
pages can include these annotations since it is
impossible to enforce web developers use those
special characteristic. Here comes the power of
“Semantic Web” and external metadata. Those
metadata could be exported in separate files and be
used in order to make possible the feature. This leads
also to the problem of where and how metadata will
be stored in order to add flexibility and
communication of various annotators. Some
interesting solutions have to do with RDF and RDF
databases such as those used in the Annotea [9]
project. The idea there is to have a network of RDF
databases that will store these metadata and provide it
to the users when regquested. Annotea can be a good
example as it is a platform that uses already widely
used standards in order to work. This means that there
is no need for learning and adapting to new
technologies and standards and this is an advantage
for web servers and their administrators.

The second major issue is the vocabulary that will be
used to define elements having browsing shortcuts.
This vocabulary is currently under development as
already said previousy from a team of researchers
working on that project and at its first stage includes
visual elements often used in web pages such as
search form, menus, man context etc. This
vocabulary could be further developed or blended
with other vocabularies concerning various domains
such as educational sites so that it would help not only
in the browsing within a certain page but across a
collection of pages such as the whole web too.
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The previous two aspects lead also to the problem of
metadata creation. This area has mostly to do with
web site development and a specific tool is also being
developed and was used in order to create the
metadata within the web pages of the experiment.
Thistool provides the designers and other people with
an environment that produces this metadata
automatically by using a visual interface easy to be
used by any user that has some basic knowledge in
HTML. Using this tool, annotators could produce
external annotation files that could help blind users of
Polephemos. At this first stage of it, there is aso an
element of pattern matching included by providing the
feature of creating an annotation template for a set of
web pages based on regular expressions used within
URLs. In addition to it further heuristics can be
developed and added to it in order to facilitate easier,
quicker and semi-automatic annotation of web sites.

Finaly the ultimate object is to make this metadata
created automatically using pattern matching
algorithms and information already included within
web pages that many authoring tools produce. Further
research in fields of artificial intelligence and
language processing can be really helpful in providing
even more advanced heuristics that will finaly enable
the annotation of web sites in an almost automatic
way. Until then annotators and web authors will have
to keep an eye at these annotation systems and
cooperate in order to have relisble and weéll
functioning systems.
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