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Abstract: The design of information presertation ontheweb is predominately visual -oriented. This presentation
approach requires most, if not al, of the user’s attention and impases considerable mgnitive load on auser. This
approac is not aways pradicd, espedaly for the visualy impaired persons. The focus of this projed is to
develop a prototype which suppats web browsing wsing a speedt-based interface e.g. a phore, and to measure
its effediveness The command inpu and the delivery of web contents are entirely in vaice Audio icons are
built i nto the prototype so that users can have better understanding d the original structure/intent of aweb page.
Navigation and control commands are available to enhance the web browsing experience The dfediveness of
this prototype is evaluated in a user study involving bah namally sighted and visually impaired people. Useful

lessons learnt from this experiment helps drive further reseacch to a fketter speet-based interface
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1 Introduction

World Wide Web (WWW) is rapidly emerging as
the universal information sourcefor our society. The
WWW is generally accesshble using a web-browsing
padkage from a networked computer. The design o
information on the web is visually oriented. The
reliance on visual presentation gdaces high cognitive
demands on a user to operate such a system. The
interadion may sometimes require the full attention
of auser.

In addition, there ae popuation demographics
await resolutions. Take for example, the visualy
impaired who are limited in their use of standard
PC-based web browsing systems. The other groupis
the aged people who do no generaly have good
eyesight and steady hands to read from the screen or
to coordinate a keyboard/mouse. People dso have
difficulties to use &isting krowser techndogy if
they have athritis. Apart from these physicd and/or
hedth constraints, there ae dso socio-econamic
fadors that constrain people from the possession d
computers, e.g. financial ability. Surfing the web
with computersis nat an option for everyone.

The everyday telephore is an aimost universaly
known interfacefor communicaion between people
using vdce Inrecet yeas, with the introduction o
the touch-tone system, phores have dso become
popuar as a gateway to telephore-based navigation
systems, for example phore banking. The telephore
is smple to use, requires little dtention from the
user to operate, and hes no associated visua output.
This makes it an ided communicaion tod for
environments where the user is engaged in adivities
that require cnsiderable cncentration. It is also an
ided tod for the visually impaired.

Now we can imagine situations where it might
be more useful to accessinformation onthe WWW
via atelephore. Take for example information such
as dock prices, weaher information, international
news gories, traffic details; thelist isendess A user
may wish to stay informed about changes to such
information while partaking in adivities (for
example, driving an automobile) that do nd alow
for the luxury of sitting in front of a computer and
concentrating solely onits operation.

There have been a number of prototypes,
reseach-based and commercidly  products
incorporating nonvisua interfaces. Their primary
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objedive is to gve visudly impaired users an
efficient and successul web browsing experience
However, to date, these commercial products as well
as much o the reseach undcertaken in this areg
focus on the output from the system to the user. It is
often assumed that the user has accessto a standard
input device (for example, a typicd PC keyboard)
for the purpose of isaling commands to the system.

The am of this paper is to present a web
browsing prototype. Sedion 2looks at how current
reseach relates to this projed. The achitedure aad
the functionality suppated by the prototype,
TeleBrowse, are introdwced in Sedion 3 Details of
the experiment are mentioned in Sedion 4 which
present a user study to evaluate the dfediveness of
the prototype @& a web-browsing tod. Speda
emphasis is made to the different resporse from the
norma sighted group and the visualy impaired
group. Discusson in Sedion 5 looks at the
implicaion o the design d a speed-based interface
regarding to the feedbadk from the study. The future
work can be found n Sedion 6 o the per.

2 Related Research

HTML is designed to be amark-up language. Many
of the structures in a document, such as hyperlinks,
headings, tables and lists, are represented explicitly
in the HTML file for the document by ‘tags'. It is
the task of a web-browsing program to interpret the
tags, to format the mntent and to present the
information to the user visually. There ae severa
possbilities to re-represent the mntent through the
audio channels.

One posshle gproach isto puposely design an
audio dacument for the relevant web page. It may
involve the author making an explicit recording o
the document or parts of the document. Thoughthis
seams like the best strategy to ensure the author’'s
intent is acarately rendered, it means that authors
must crede two documents for everything they
write, which is obviously impradicd.

A similar approach is the development of a
mark-up language for use with vaice browsing
applications. This is the long-term solution dfered
by the W3C group. All the web dacuments are
expeded to be marked upacmrdingto aVoiceXML
spedficaion (W3C, 2000, and that browsing
prodwcts need then ony read and interpret these
voice-spedfic tags to produce an audio version o
the document. However this requires not only a
global acceptance of the spedficaion, but that all
authors then use this gedfication when designing

their HTML documents. Otherwise, only certain
web pages will be ‘viewable' using compliant voice
browsing applications.

A third approach is to render the audio
information by working dredly from the visua
representation. Many applicaions using this
approach has the primary gaoal of improving access
to the WWW for people with a visua disability.
Whatever the origin o purpose, most applications
can be cdegorised into ore of the following: screen
readers, speedr-enabled browsers, or voice
browsers.

Screen readers provide generic suppat and are
not applicaion-spedfic. The centra isae is that the
visual rendering d the underlying applicaion
determines how the document shoud be represented
in audio. In this way, audio becomes a secondary
interface modality for presentation of the
information. Also, screen realers are sequentia in
nature. The gplicaions do nd understand what
they are realing, not in terms of the adua
comprehension o words, but in terms of the
structures of a document. Thus, it is unable to skip
to a cetain paragraph when youask a screen reader
to move to the next paragraph. Ancther drawbadk of
most screen reading products is that they continue to
assume keyboards be used to interface with the
system. Despite their drawbadks, screen realers are
very popular with the visualy impaired. The two
most popuar products on the market are JAWS
(http://www.hj.com/JAWS/JAWS.html), and
Window-Eyes (http://www.gwmicro.com).

Speedr-enabled browsers are esentialy screen
readers customised for working with HTML pages.
Prodwcts in this caegory are relatively new
compared to screen realing techndogy. As such,
there ae reseach projeds (Zajicek and Powell,
1997 Asakawa ad Itoh, 1998 as wel as
commercial prodwcts, e.g. Marco Polo by Sonicon
(http://www.webpresence.com/sonicon/marcopdo/).
A speedr-enabled browser typicdly works using a
standard keyboard interface for inpu, and a
combination o visua and audio for output. The
primary difference between a speed-enabled
browser and a screen reader is that the former one
understands and cen interpret the structure of the
document it is reading. This allows a user to move
between structures (via asuitable interface such as
paragraphs and links, and most importantly, it
allows a user to skip information that is of no
importanceto them.

Reseach based browsers such as BrookesTak
(Zajicek and Powdl, 1997 is experimenting with



the use of audtory icons to fadlitate the
representation d HTML structures through audio,
while other browsers such as Emacspeak (Raman,
1996 uses geed cues to represent structures.
However, the drawbadk with wsing al these
browsers is their inpu interface till relying ona
standard keyboard. While this may be suitable in a
PC environment, it is nat at al useful when mohility
is an isae, that is, when uwsing a phore-based
interface

Voice browsers represent the dass of products
which use a totally voice driven interface the
prototype developed for this projed is a member of
this class Voice recogntion is used for user inpu,
and speed synthesis and audio is used for output to
the user. Commercial products such as Speedd TML
by Vocdis (http://www.speeditml.com/) and
Conversa Web by Speeeh  Tedindogy
(http://www.speetitechndogy.com/) have been
developed and deployed quickly to try and corner
the rapidly expanding vdce browser market, and as
such, their interfaceand functionality are ladking.

A drawbad of the aurrently voice browsers is
that they do nd suppat the aility to browse any
web page. Rather, only pages formatted to strict
compliance guidelines, and within a ntrolled
domain can be viewed. This means that authors who
want their pages viewed using vdcehbrowsing
techndogy dten have to pay a subscription feeto
get their pages puldished within this domain.

Ancther related reseach is the investigation o
the general principles involved in the aedion o a
speed-based interface The AHA systemisatypicd
example. It is based on the principle that HTML
files explicitly contain bah the textual and structural
content of a document, and that these two types of
content are both essentia for understanding the
document (Frankie, 1997. AHA provides a
framework for discussng audio marking techniques
and hov they can relate to dfferent HTML
structures to provide an intuitive audio interfaceto
HTML. There ae afew principles drawn from the
experiments. The first one is to use different
spe&ing vdces to mark different HTML structures.
This can be termed as Structure Differentiation. The
other principle is related to recognisability, i.e. it is
valuable for the seledion o soundsto be used in an
audio HTML interface For example, to fadlit ate the
target audiences to map a sound orio a marked
document structure. Also, when we use asoundwith
an obvious metaphar (for example, the sound d a
camera shutter to mark an image), the user can apply
their recogntion o the sound to interpret what is

being marked. A further principle is the asoidance
of distradion. The provision d too much structural
information can cause the user to be distraced from
the textual content of the document.

3 Design of the System

This sction aimsto gve a owerview of the design
of a phore browser, TeleBrowse. The prototype is
asuumed to have aphore-based physicd medium.
The achitedure is first introduced, which is
followed by the functionsprovided by the prototype.

3.1 System Architecture

The system consists of three modues: voice driven
interfface  HTML trandator and a @mmand
procesor (Figure 1).

Figure 1: System Architedure of TeleBrowse

The voice driven interface of the prototype
includes a voice remgriser, a DTMF remgriser, a
speed synthesiser and an audio engine. The
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physicd medium for communication is intended to
be atelephore, where the user can be remote to the
system’ s location, but it can also be simulated with a
microphore/spegker combination conreded dredly
to a PC running the system. A voice recogriser and
a DTMF (Dua Tone Multi-Frequency) recogriser
are aailable for inpu to the system, while the
speed/audio synthesis is aiitable for output to the
user. Hence, a mommand issued to the system can be
in ore of two forms: either spoken commands by the
user, or DTMF tones purnched in on a phore's
keypad. DTMF assgns a spedfic frequency, or tone,
to eath key on a touch-tone telephore so that it can
eally be identified by a microprocessor. The
purpose of DTMF in the achitedure is justified by
the st effediveness to suppement the voice
functions. Although vace remgrition techndogy is



cgpable to hande most of the trandation task, it is
however an expensive one. This will be used for
isaiing commands that are not complex enoughto
warrant the tranglation to avoicedriven format.

The Voice Driven Interface esentialy accets
spoken words as inpu. The input signals are then
compared against with a set of pre-defined
commands. If there is an appropriate match, the
correspondng command is output to the Command
Procesoor. The egine dso handes auxiliary
functions (in conjunction with the speed synthesis
engine) such as the wnfirmation o commands
where gpropriate, speed control and the URL
dictation system.

The Text-to-Speed/audio engine is resporsible
for producing the only output from the system badk
to the user. The output is in the form of spoken
(synthesised) text, or sounds for the auditory icons.
The inpu for these two engines comes from the
Command Procesor. The inpu can either be atext
strean consisting d the adua information to be
read ou as the content of the page (processed by the
TTSengine), or an instruction to play a soundas an
auditory icon to mak a document structure
(processed by theaudio engine).

The other major comporent is an HTML
Trandlator. When a user requests an HTML
document, the @ntents of the document must first
be parsed and trandlated to a form which is aiitable
for use in the audio redm. Thisincludes the removal
of unwanted tags and information, and the re-
tagging d structures for compliance and subsequent
use with the audio ouput engine of the interface
The trandator also summarises information abou
the document such as the titlte axd pasitions of
various dructures for use with the document
summary fedure.

A Command Processor sits between the HTML
tranglator and the interface The command processor
is resporsible for ading on the voice / DTMF
commands issued by a user. The Procesor retrieves
HTML documents from the WWW and feeds them
to the HTML trandation algorithm. It also controls
the navigation letween web pages, and the
functiondlity aswociated with this navigation
(bookmarks, history list, etc.). This comporent aso
proceses al the other system and howsekeeping
commands associated with the program. A stream of
marked text to the speed synthesis/ audio engine is
output. The stream consists of a @mbination o
adual textual information, and tags to mark where
audio cues should be plyed.

3.2 Functionality

All communicaion from the user to the system is
made by isaling vdce mmmands or using DTMF
tones. Such commands are aranged into objeds
known as menus. Depending uponthe functionality
requirement/avail ability, different menus are
available a different points in the program’s
exeadution.

A grammar set is defined to recognise the speet
commands. Some of these rules ae for
administrative  ontrol. To name a few
administrative controls:

e <exit|quit[progran application|
Tel eBr owse] >

e speak <faster|slower>

e \Where am|?

« \What is my honepage?

The other rules are used to control navigation. It
is anticipated that they are the most frequently used
commands. The navigation is suppated in various
ways: within the same page (intra-page navigation),
browsing a new web page (inter-page navigation),
bookmarks, history list, document structure or to
follow a hyperlink in the web page. The following
grammars display the nature of these rules:

e Start browsing by <location|
bookmar k| homepage>

e Mintain bookmarks

e Start reading [all]|again]

e Load <l ocati on| bookmar k| honmepage>
e CGotothe history list

e Junp <forwards|backwards x <structure>>

e <Next|Previous <structure>>

A <structure> is one of paragraph, link,
anchor, level 1/2/3 healing, list, page or table, and x
represents a positive integer value. All three ersions
of this command represent one adion - moving
between structures within a document.

Ancther way to navigate to a spedfic target page
is via dictation. Dictation is invoked whenever a
‘browse by locaion type cmmmand is requested,
and it is resporsible for fetching a URL address
from the user. Users dictate to the system by saying
words representing a single letter to improve
recogntion acarag). A good example is the
military code - ‘apha for ‘a, ‘bravo’ for ‘b,
‘charlie’ for ‘c’, etc. The grammar recognises this
military code, and also common animals, such as
‘frog for ‘f'. Maaos and shortcuts are dso used to
simplify the dictation process The ‘http://’ at the
beginning d every URL is automaticdly added, and
the system recognises phrases like ‘World Wide
Web', ‘company’, ‘auss€ among many more to



represent ‘www.’', ‘.com’, and ‘.au’ respedively.
The dictation menu also allows for corredions to be
made, a review of what has been dctated so far and
an ability to restart the dictation sesgon.

Output from the system is either synthesised text
or sounds (as auditory icons). The synthesised text
can represent either adual information hkeing read
from a web page, or feadback about the system’'s
operation to the user. When a page is to be read ou
(post tranglation), the page is broken up ore piece &
atime and analysed. Two situations can ocaur: if the
pieceis a tag with an associated auditory icon, this
iconis played ou, or, if the pieceis smply text, it is
synthesised into voice Typicd applicaion o
auditory icons include the ae&king opening doa
(creking) to represent interna link (link to an
anchor within the same web page), or a doarbell to
represent an email address or the dicking sound d
acanera shutter to relateto an image.

When certain tags are encourtered (end o
paragraph, end o list, end o table row, etc),
speding ceases and the user is returned to the menu
they were last at. Alternatively, if a user wishes to
interrupt the spe&ing prior to the next bresk paint,
theinterrupt key ‘*’ can be used.

4 Experimentsand Results

The TeleBrowse prototype was developed uncer the
Visual Basic 6 environment. ThreeActiveX controls
were used in conjunction with the VB projed. The
Microsoft Telephony Control (see
http://www.microsoft.com/speed) has the voice
recogntion engine, speed synthesis engine, and
audio outpu engine. The Microsoft Internet Transfer
Cortrol is able to retrieve HTML documents from
the Web using the HTTP protocol, while the HTML
Zap Control (Newcomb, 1997 provides a simple
interfacefor analysing HTML documents.

The primary goal of the evaluation d the
TeleBrowse prototype is to determine the usability
and acceptance of the gplicaion as a voice-driven
web-browsing tod. Measurement is dore via the
operational efficiency and the qudity of the
transformed data. The operationa efficiency is
represented by the physicd interface speed
recogntion & synthesis cgabilities, document and
page navigation, prompts and feedbad from the
prototype. The quality asped is evaluated through
the avail ahility, integrity and wsefulness of the data
after the trandation, and also the suppat of various
structures in the original HTML page, e.g. headings,
links, tables.

The experiment was caried ou ontwo dfferent
groups of users who hed similar charaderistics, i.e.
they were dl above 18 yeas old, they had prior
experience on wsing current web browsing products
and hed limited knowledge of the WWW and the
related techndogy. The major difference between
these two groups was subjedsin thefirst group(G1)
were normally sighted, while the second goup (G2)
were visualy impaired, or to be predse, they
suffered from complete blindress In other words,
subjeds in G1 were familiar with typicd visualy
oriented web browsers sich as Microsoft Internet
Explorer. In this experiment, there were five people
in G1 and four subjedsin G2.

Evaluation sessons were run on a one-to-one
basis. There was also a genera discussoninvalving
the group a the end d the individual experiments.
No interadion accurred between subjeds from
differing groups.

Each subjed was briefed abou the operation o
the prototype, and the methods for interading with
it. Along with the briefing, ead user was given a
shed on which was printed a vocabulary listing o
what phrases the program would respondto, and at
what paintsin the program’s exeaution such plrases
could be used. In the cae of the subjects in G2, the
shed was printed using a Braille printing device
The shed aso contained a set of tasks the subjeds
had to complete using the program. Some of the
tasks that subjeds were required to complete
included: starting the gplicaion, chedking to see
what the aurrent homepage was %t to, commencing
reading d the web dacument once loaded, jumping
to another locaion by dictating a URL address
diredly into the system etc. Accompanying ead
task was a description d the behaviour the system
would demonstrate during the task’s exeaution, and
what phrases to use in interadion with the system to
complete those tasks. All tasks were first completed
using the software running in emulation mode on the
laptop computer. The speed recogrition engine was
not trained to adapt to any spedfic person. After
completing this and gaining a degree of experience
in using the system, subjeds were then gven an
oppatunity to use the system as they chose over the
phore, completing the dfed of a phore-based web-
browsing toadl.

Subjeds were dso asked to view the same web
pages that had just been ‘viewed using the
prototype with a browser they would typicdly use.
In the cae of G1, this was either Microsoft Internet
Explorer or Netscgpe Navigator. In the cae of G2,
this was again Microsoft Internet Explorer, but this



time with the glition o the JAWS screen reading
program.

After using the prototype for a sufficient amount
of time (in most cases this was a period d abou
twenty minutes to half an hou), ead subjed was
asked to complete a questionreire to record their
experiences with the prototype. The questionreire
was arranged into two parts: the measurement of
efficiency and integrity. Some of these questions
asked the participants to gve numericd scoresin a
scde of 1 (very poa) to 7 (very good. Some of the
other questions were free format where the subjeds
could provide their own comments. The mmparison
of the relative frequencies per grade between the two
groups is $hown in Figure 2. This gave us an initial
and very broad insight into how subjeds from ead
group responced to using the prototype in the
experiments. By graphing bdh groups’ results on
the same aes, we ould also see acomparison d
accetance between the two grougs.
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Figure 2: Histogram of Relative Frequencies per Grade

In addition to the rated resporse questions, The
evauation questionreire cntained a further thirteen
guestions of freeform resporse in nature. These
freeform questions were designed to draw out any
comments, problems, criticism, or general feedbadk
from the test subjeds. There were, on average, two
such questionsper sedion of the evaluation criteria.

Voice Recognition. It was one of the more
poaly rated criteria. While both groups considered
it a necessry techndogy for the idea of a phore
browser, subjeds aiffered from its shortcomings,
and it did result in a loss of efficiency for most
users. Subjeds from G2 responded more favourably
than thase from G1. Of particular concern was the
dictation d URL addresses. This was noted as a
shortcoming in the interfaceby every user from both
groups. The idea of having to spell out URL
addreses one letter a a time (and wait for
confirmation d ead letter) was not well receved.
The idea of using shortcuts like ‘company’ to spell

out ‘.com’ was considered a strong improvement,
thus this technique must be further explored.

Speech Synthesis. There was littlte or no
problem with this sub-system. Subjeds found the
voice eay to understand and o suitable volume and
pitch. The major contrast between the two groups
was the usage of the speed control feaure. Subjeds
from G1 saw no reason to adjust the spead of the
synthesised voice They were @ntent with the
default normally pacel speking vdce However,
subjeds from G2 tended to change the speed to a
much higher rate before doing anything else.

Navigation: The overall ability of intra-page and
inter-page navigation wing the system was rated
favourably by bah groups. The use of auditory
icons to mark HTML structures was viewed by the
G2 subjeds as being superior to any similar screen
reader marking scheme. Subjeds from G1 also
appredated the adility of the voice icon to quickly
and to ssimply mark structures from a document, in a
way that was natural and easy to remember. The
idea of metapharicdly matching the meaiing o
sounds with the structure they were representing was
well liked and accepted. There was little problem
with remembering the mapping d sound to
structure, espedally after using the system for an
extended amourt of time. A criticism with the
auditory icons was that they appeaed too
frequently, and could be seen as bresing up the
flow of text unrecessarily.

A comment made by many subjeds was that the
prototype offered similar and familiar functionality
to that of browsers they have previously used. Thus,
fedures sich as bookmarks, the history or ‘go’ list
and the aility to save a‘home’ page were dl well
recaved. The aility to follow links contained in
documents was well li ked. Using dfferent auditory
icons for the different types of links allowed
subjeds to knaw in advance whether the link would
be to a target within the same document, or an
externa link to another document. This too was well
liked. Again, the problem with dctating URL
addresses was brought up.

Online Help: This :dion d the aiteria did na
rate well, due to the lack of help associated with
commands and prompts used in the system. It was
thougtt by all users that more detailed help (context
based) explaining the meaning and wsage of
commands, shoud be available & any pdnt during
the system’s operation, as oppcsed to the simple
listing of commands currently available.

Certainly the nee to refer to ather suppating
documentation for more detail ed information shoud



be avoided, as accessto this information would na
be available in environments where aphore browser
might be used.

The tutorial available from the system’s main
menu was well acceted in terms of its content, but
perhaps a similarly detailed tutorial shoud be
available & every menu in the system, customised
for the relevant set of commands.

Information & Structure: There was a marked
difference between the two evauation goups in
these two aspeds. G2 was more willi ngto accept the
level of integrity of information presented to them
by the prototype than G1. Comments were made
from users in G1 concerning the lack of ahility to
quickly visualise an entire page & a “glance”. They
reported frustration when they were forced to listen
to the content in sequential fashion.

Overall Impression: The subjeds from bath
evaluation goups acceted the prototype & a viable
method d browsing the web in the aidio redm by
phore. The dficiency of the product was quite
highly regarded by most subjeds. The system
interfacefaired very well. The only major problem
was the dictation of URL addressesto the system.

4 Discussion

Referring to the histogram in Figure 2, subjeds
from G2 were more prepared to accept the prototype
than people from G1. People in G2 had a higher
tendency to give higher grades to the prototype. This
might due to the reasons that the subjeds from G2
had limited opions in getting qudity nonvisua
browser aides. This group d people generally knew
the limitations and performance of existing speed-
based tods. When they were introduced to this
prototype and foundthat its performance was better
than the tods they have seen, they would give better
grades to the prototype. The new tod performed
beyond their expedation and hes extended the
cgpahiliti es of the avail able browser aides. However,
the subjeds from G1 found themselves more
restricted than their usual browsing experience One
of their frequently used information receving
channels came from the visual field, which was
disabled in this experiment. They aso dd na have
prior experience in using nonvisua browser aides.
This constrained them from understanding the
current limitations and the state-of-art of these non
visua tods. The people in G1 could orly compare
the encourtering d this prototype with the web
surfing experience in visua domain. This had
implication to the people from G1 in scoring d the

voice browser. We believe the lower scores from G1
were not due to the functiondlity of the prototype,
but the deaeasing channels in recaving information
oncethey were so used to.

The diff erent tolerance level to voice remgrition
could be due to the fad the visually impaired users
aready had exposure to rewgntion techndogy,
their expedations would nd have been so high.
Normally sighted subjeds (of whom only two had
used vaice recognition software to any extent) were
more eaily disappdnted. Due to the same reason
that the visually impaired subjeds were very used to
listening to synthesised voices, they had the
foreknowledge that the dficiency of information
delivery could be adieved by spealing upthe rate
at which text was presented to them. We hypahesise
that normally sighted users will become more
acastomed to the synthesised vaice and likewise,
will i ncrease speed to improve dficiency. In ather
words, when the experience and famili arity with a
speed interface acamulate, the tolerance level or
understanding d a system’s limitation will i ncrease.
The aailability of user-controllable feaures is
necessary to compensate some of the deficiency of
such a speedr-based interface

The use of sound iconWmetapha is baoth
beneficial as well as distrading. The sound d a
structure-denating icon shodd be more smoothly
integrated into a text flow, removing any bre&s and
pauses. Further experiments have to be cariied out to
balance off the delivery of author's intent and
distradion.

Although a @mbination d bookmarks, the
history list, and the ‘home’ page alleviatethe neéd to
continually dictate aldresses, it is cetanly il
necessary to dictate to the system in many cases.
Also, it was suggested that a better interface be
designed to handle management of bookmarks. It
can be seen that if the list of bookmarks was to grow
to a large number, it would be become tedious and
difficult to find a spedfic ore.

In terms of the integrity of information, G2 was
more willi ng to accet the level presented to them.
The visualy impaired subjeds could orly compare
the prototype to ather nonvisual browsers or screen
reading poduwcts they had used. The system
compared favourably to these, with the information
and structures aswociated with a page being
presented in a similar or better form. Members from
Gl are used to viewing peges in the visua redm,
hence, any shortcomings in the trandation from
visual to audio form are more obvious to them. Both
groups felt that suppat for structures was generaly



good with the exception d tables. It was suggested
a more alvanced method d navigating aroundtable
structures be introduced. Another suggestion by
many users was the neal to be ale to use fill-out
forms, and also suppat for frames.

Subjeds in G1 complained the lad of ahbility to
quickly visualise an entire page & a "glance'. They
reported frustration when they were forced to listen
to the content in sequential fashion. However, this
problem can orly be solved through adaptation by
the user. Subjeds from G2, on the other hand, have
aways been forced to listen to al GUIs equentialy
through vace where the conceptual image of a page
is formed as it is read ou. The different resporses
highlighted the different visudisation pocess
adopted by the two groups, this is worthy to further
investigate to seewhat are the @mmon medchanisms
underneah these two seeamingly different
visudisation processes, and hav a better approach
using voice can be built.

The dictationis amajor problem. At this gage, it
seans to relate to URL addreses adone. The
problem is far fetching than this. If a system is to
suppat form-filling (where the information can be
ill -related search terms, or name and address of a
person), the dictation fadlity may be used in these
different places. In the command recgrntion, there
is a grammar to gowern what information can be
entered. In a text understanding tod, the context of
the document helps resolve the anbiguity of aword.
The trouldes with the recogrition d URL addresses
or seach terms are that they neither have syntax nor
a ontext. Thisis an important isaue to be aldressed
in oder to deliver a user-friendy speed-based
interface

5. Conclusions

The TeleBrowse prototype developed for this
projed proved its siccess in the evaluation as a
telephore based web-browsing toal. Problems were
highlighted in the user study. Part of these problems
are related to the feaures currently available in the
prototype, for example, the navigation o atable, the
interruption  an ouput using vace rather than “*”
key onthe phore pad, the missng function d filli ng
in forms on aweb page dc. At the same time, there
are some deeper issues which require more research

include the dictation function (how and where
contextual information can be aguired to improve
the acaracy of a dictation), visuaisation process
(what kind o model is made available which
provides a feding d information coming in
parallel). Testing d the prototype in red life
environments rather than in a standard laboratory
condtion is aso an important diredion d future
work, e.g. walking in the stred, driving a ca. This
may uncover further isales that relate to situated
interadion. Reseach into damain-spedfic speed
interadion model may also improve the acecrracy
and effedivenessof the system. It is the intention o
this projed to cregde an environment where web
surfing with vaiceis posgble and surfing experience
is apleasant one. The knowledge acumulated in the
prodwction o the first generation pototype,
TeleBrowse, has given us a lot of insights and lay
the groundwvork that helps us move on to develop
the secndgereration prototype.
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