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interested in logical connections and relations ragmo
individual web site elements. They also do not dedh
position of the information at the web page.

Besides information in text format, most web pagmstain
information such as images and tables, many of lwihie

and reading web page information for visually ighiighted in color to capture reader's attentimrbecause
impaired people. The solution we propose gives the they are important. Therefore, sighted users caaimmot
user a general overview of a web page content and only content overview, but also an overview of thage
makes the work with information easier. We use doun structure at a glance. The order in which sighteersi read

situated in 3D space and text-to-speech synthesis i
order to provide more efficient interaction with e
pages. We enable users to move around the elefents
web page. Our primary effort is to make the contdnt

a web page easier to comprehend and enrich it with
information on logical connections and relations
among individual web site elements. A group of
visually impaired people compared of our work on
mapping content to audio space with the utilitieeyt
commonly use.

1. Introduction

A lot of web materials is not accessible to vispatipaired
people because large amount of web pages failsett the
accessibility requirements defined by the World &i/eb
Consortium.Many web page designers use various automatic
testers to validate the correctness of their codel a
compliance with W3C requirements. Different assista
technologies for web page reading, e.g. screerereabtain
a lot of necessary information from the code aratefore its
correctness is a useful condition to their propercfionality.
However, testers also validate properties that mavbearing
on accessibility. According to Blind Friendly Proje
[Uns07], which tries to contribute to web page asdality
for visually or otherwise imapaired people, onetld most
important things are a subjective evaluation of gsadpy
disabled people in co-operation with sighted spistsa
There is big difference between users who use smiynd to
get web page information form page and users wholazk
at the page. Sighted users are mostly able to rokdai
overview of the content at a glance and selectethitesns
which are important for them. It is caused by défg size,
font and color of individual elements of web pagdy visual
division of web page information. Screen reademvigie to
users text information in linear order and they a@t

items on web pages is different from the HTML
representation order. However, HTML order is whhae t
screen reader software for visually impaired usesss to
present the web pages. Thus, it does not provide an
overview equivalent to the “glance” and it does mdbrm

the user about the importance of items locatechatpage
[DSC*06].

2. Related Work

There are several projects that try to solve thablem of
web page content representation for visually ingzhjseople,
to give the user a general overview of the web pageent
and to make the work with information easier. le firoject
Air-Client, see [DKGO02], individual parts of pageme
represented with the assistance of spatial sourcidating of
hearcons in auditory interaction realm — Air. Pcoj¢MiMO05]
is aimed to provide visually impaired internet useith
spatial and navigation information with the help spieech,
sounds and haptic device. Another method [Kol03] Heeen
developed to identify small, common interactia®esign
problems, and design and evaluate severalisontufor
each. The main idea of [RP*00] is to map all theitdl
documents (text and graphics) into a virtual sospdce. It
means to transform all document elements to soumbigh
have accurate position in space. Project [CFS*3&jcdbes
development of an environment, which combines diapa
auditory display derived by processing sound saumeih
gesture and speech-based input techniques. Papd0g\Vv
describes WebTree structure, a tree view of interne
documents, which provides an overview of web pageats.

3. Methodology

Our method takes web page elements analyses and
evaluates them by relevant parameters. After ttzduation,
we create a structure represented by a graph, wddohbe



searched through by keys and its individual vestiege
objects or groups of objects which are located fm web
page. Relevant sounds are assigned to them acgdodiheir
importance, attractiveness, and position.

4. Design

In our project, object means an element of HTML epag
enriched by our added properties. We divide indisid
objects into groups according to their meaning {Fegl).

@

Figure 1: Groups of web page objects

This division and creation afbjectsis done by adapting
and removing large amount of HTML elements, whicd rzot
important for us, because they are mostly usedyfaphics
design. Then we assign the same type objects timghes
group. We define two sets of properties for eacjeaibThe
first set we obtain from HTML code of the web pagel the
second we define externally (in addition to our legaion).
These external properties contain all the propertiich are
not obtained from HTML code, e.g. importance or
attractiveness of an object.

Firstly, we define individual objects and their pesties
needed to design our graph structure from page. dta
determine all the properties that our objects iaveommon
in order to give a general overview of the web pegetent
and to provide better orientation on the page.

Our data structure is represented by a graph whioh we
can insert and approach individual vertices accaytib given
rules. Initial vertex of the graph always represettite web
page and it keeps the information about page tilgges,
which originate from the initial vertex, connecttdt vertices
that represent groups of objects: Links, Imagedlégand
Text. From these vertices, we can go by edgesdiidual
objects, which belong to the current group. Textese can
have no more than four edges - besides the edgecting it
to the initial vertex. These edges lead to sub4gsotertices.
Any other nodes connected with sub-groups vertiepsesent
individual objects, which belong to sub-groups.our data
structure, also logical connections and relatiomsorsy
objects are represented.

After the user runs the program and writes des&L
address, the source code is read, an object isedreand
added to the data structure for every element.tifleeof the
web page is read to the user after creation otsire and
finally a page overview, which consists of four gps of
objects, is created. Spatial sounds help the osenderstand
this overview.

’\:\ Positions of objects in space

O Engaged places by objects in order: Links, Images, Text, Tables

Figure 2: Placement of objects groups in space after the
web page is loaded

After the web page is loaded, the user can movengmo
individual groups which are placed in a circlertatg from
the position directly in front of him or her (Figu® illustrates
the described situation.). There are up to six abjén the
circle and after the last object, user can movénageahe first
one - the movement is cyclic

When the user selects one of these groups by Kegse
will be six or less objects in the circle, whichldgy to the
selected group. If the group has more than sixabbjehey
are divided into levels with six objects. Level, which a
particular object is assigned, depends on objgrtperties,
especially on its importance. If there are morethia objects
with the same importance value, they are sortedthiejyr
attractiveness. Where these criteria are not sefficfor
unigue division, objects are sorted by order ofrthesation
in our structure.

In the following, we describe individual situationshich
can happen by selecting different objects from data
structure.

Link — when we select this object, the web page URL
address is loaded from the source of link. Titlpade is read
to the user and four groups of objects which weein
created appear. The process is the same as |lodunfyst
page, which we already discussed. In order to rtaksearch
of links faster we allow jump to the link after ¥imig its first
three letters.

Image — when we select this object, information abous it
read once more.

Text — after selection of this object, the screen reaekeds
the actual text. When we select text, which belotogsub-
group for headings, after pressing the key, the levtiext
belonging to this heading is read. Text which wesadris
inserted to memory to allow copying of individuarfs of
this text, if needed.

Table — when user selects a table, he or she reaches the
first cell in the table. Each cell of the table tains relevant
objects. User can select individual cells by keyd aove



among them. When one selects the cell object, dritneo
cases described above takes place. By selectiadpla e
obtain information on how many rows and columnstheze
which is useful for better orientation. If somenitdills more
columns or rows, screen reader reads it to the. lisefso
reads row’s or column’s header for relevant tabéels. If the
table does not contain the same number of colurensqgw,
screen reader warns user about it.

If the user wants to browse a new URL addressarit loe
directly written after pressing specific key. Dygithe writing
process, individual letters are read to let the keew, what
was written. So the user can correct mistakes yeaShe
loading process of web page is represented by satnich
moves from the left (begin state) to the right (state).

Our program has a multi-purpose environment. It
used for testing by visually impaired people, huwill also
be used for presentation of our work for well seghpeople.
The environment (Figure 3) contains a text fieldetder a
web page address, which is confirmed by enter bhutto
Finally, there is a large graphic area with fouosta

The web page can be viewed in four different wasiaigi
tabs. In the first tab called “Web page”, thergéhis common
page representation. The second tab includes HTolle of
the web page. “Graph” and “Visualization” demontgra
annotated and translated HTML code of the web paggted
by our program. In “Graph”, there is text represéioh of
this structure and in “Visualization” we can findetgraphic
representation of the structure. This graphic regmtation
consists of basic geometrical figures.
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Figure 3: Program environment

Visually impaired people can browse the annotated a
translated web pages using keyboard and soundtabseare
useful only for a user that whant to monitor therlwof
visually impaired people.

5. Evaluation of program - results

Our primary concerns during the program testingewer
find out if our designed division of page into idiual
objects is correct, whether users think that thisgmam is
useful for them and how they perceive work with the
program. Considering the way, how the program was

proposed and created, improvement proposals addlitio
functionality are simple to implement.

We tested our program in collaboration with VisGantre
at Comenius University, FMFI in Bratislava, whichwg us
the opportunity to test.

6. General overview of the web page

Visually impaired people perceive the web pagerasius
of data, which follow one another in linear suct@ssTo
large extent, this is caused by their inabilityféeom an idea
about the web page as sighted people see it, Hatinit is
not necessary for them. For them, it is essenti@efect all
the important data from the page. Majority of saklé
software packages used by visually impaired pedple
working with internet and computer at all, cause timear
perception of data. Disadvantage of this methodpeeally
when browsing a large web site — is that the udensot have
the possibility to obtain an overview of the wholege, they
cannot perceive the page as data structure andynizeo
relations among the individual page objects.

Our program overcomes this barrier by data strectur
which is enriched with information on logical cowtiens
and relations among individual web site elementhe T
strongest point of our methodology during the testivas
that it gave the user a general overview of the webe
content and data search similar to the linear aietlid not
try to force the image of how sighted people seevthb page
and what the position of data is. One of the moejfently
asked user questions was why the individual objects
ordered in a circle. We decided on this order beeatallows
an easy use of sound for representation of positioh
individual objects at one level. It makes user m@&on
easier and it also speeds up selection of desitgdcto
Furthermore, if we know the web page, which we are
browsing, we can directly approach the desired aibps
skipping several levels of object sextets with keys

7. Testing and improvement proposals

During the testing of our program we found out the
users were able to familiarize themselves with papg
environment easily and control it quickly. At firgshe work
with objects and their groups was slightly confgsfor users.
They did not always remember where they were in the
structure. In order to help, we offer informatiom position in
data structure read by screen reader. The contnptogram
by keys seems to be a very good and natural solué¢hen
we tested individual web page elements, we obsethied
following:

¢ Tables— when browsing tables, it would be helpful to get
information on number of columns and rows of cutrren
table for better orientation. According to userss iuseful
to differentiate between tables by their functigyal to
inform whether the table is at the page becausthef
page design or whether it is a regular table atsn dy
sighted user.

¢ Bullets — it is better not to group all the bullet itemeda
sub-items into one vertex of graph, but to divilem



into objects and sub-objects connected to the raigi
object.

e Text —itis good to keep the text in the memory aralal
copying of its parts

« Links — for faster search for specific links - if we kno
the page and/or what we want to search-fibris useful
to sort links by alphabet or to allow user to jutoplink
after writing of first three letters. It was verglfull to
have sound to represent its progress of page lgadin

8. Conclusons& Futurework

According to users who helped with testing, ouradat
structure gives a good overview of web page datd an
content, which is missing in linear way of browsing

We have not considered browsing of forms yet, bet w
have some ideas from users on how to approachlttssnot
necessary to hold the information on visual aspétte form
on the page. The crucial thing for users is todilt the form
correctly and not skip any items. The visual imafjthe page
is not important to them. An appropriate solutisrto adapt
the browsing to the linear method they use when therk
with computer.
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