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1.   Introduction

As the Internet expands, a broader range of users
are using the Web for an increasing variety of appli-
cations in a growing diversity of environments. In
particular, the Web is becoming an essential point of
social contact for users with few opportunities to ven-
ture out, such as the elderly and disabled. However,
the elderly and disabled often have greater difficulty
using the Web than ordinary users due to a lack of
coordination, knowledge, skills, and the like. In par-
ticular, visually impaired users face severe difficul-
ties obtaining information from Web content that
involves the use of graphical user interface (GUI) ele-
ments and the representation of data in visual form.
Among the visually impaired, most blind and weak-
sighted users gather information by using voice
browsers to read out the content of Web pages. How-
ever, information is lost from non-textual content that
cannot be read out easily, making the content difficult
to understand. Accordingly, it is important to design
Web content so that it is compatible with voice
browser technology.

2.   Current problems of voice browser
technology

Voice browsers analyze the source code of Web
pages (e.g., HTML (hypertext markup language)
code) and use speech synthesis techniques to read it

out. For example, the attributes associated with ele-
ments such as headings, lists, images, and tables are
recognized, converted into sounds, and read out sep-
arately. For image files, the alternative text provided
in the “alt” attribute is read out.

However, since the information is read out in the
same order as it appears in the source content, it can
be difficult for users to grasp information presented
two-dimensionally, and it can take a long time to
comprehend such information. For example, when
the content shown in Fig. 1 is read out by a voice
browser, the text parts are strung together as shown
by the speech bubble, making the title part and the
hierarchical structure of the document unrecogniz-
able. Also, current voice browsers do not have suffi-
cient ability to analyze Japanese text and make lots of
mistakes such as reading out kanji (characters of Chi-
nese origin) with inappropriate readings.

3.   Case study of Web accessibility with a voice
browser

To understand the specific problems of Web design
when the pages are accessed with voice browsers, we
asked blind and sighted users to access the Web using
voice browsers and tell us the problems they encoun-
tered. The sighted users were asked to listen to the
voice browser while looking at the screen. The dif-
ferent categories of problems that were pointed out in
this test are summarized in Fig. 2.

The problem most frequently pointed out by both
groups was that of kanji being read out incorrectly.
This problem depends on the dictionaries and lexical
analysis functions built into the voice browsers.
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On the other hand, the problems pointed out most-
ly by sighted users were content that was difficult to
understand and content with a lack of consistency/
integrity. Although these problems were pointed out
less often by blind users, this probably does not mean
that they understood the content in question, but
rather that they were unable to grasp the overall flow
of the context and content within the document.

Conversely, the problems that tended to be pointed
out only by the blind users were the use of unfamiliar

jargon and headings that were hard to make out. The
problem of unfamiliar jargon is partly due to the fact
that Japanese readers can understand unfamiliar
terms by looking at their constituent kanji. But when
text is presented purely in audible form, jargon that
seldom crops up in ordinary conversation can often
be difficult to understand. It can also be difficult to
understand words with a short sound like 差 (sa: dif-
ference). We know this because the test subjects
sometimes missed things and had to go back and lis-

Nobi city top. Text search button. Message 
from city hall. About the mayoral election. 
Payment of tax, pensions, health insurance,
etc. Tax. National pensions. National health
insurance. Nursing care insurance. Refuse 
& sanitation. Household refuse. Public 
sanitation. Industrial waste. Land 
reclamation. Transport. Road safety. Public
transport. Cycle parks…

Fig. 1.   Example of output from a voice browser.
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Fig. 2.   Web accessibility problems pointed out by blind and sighted users.
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ten to sections again.
As for the problem of headings being hard to make

out, visual displays allow the grouping of text pas-
sages and the paragraph structure to be understood
from visual cues such as margins, indents, and the
size of the text. However, voice browsers simply read
out the contents of a page from beginning to end
without pausing, ignoring formatting information
such as style sheets and text indents. As a result, it can
be difficult to understand the structure of the infor-
mation on a Web page, making headings difficult to
distinguish from the body text. This sort of problem,
which was only pointed out by blind users, tends to be
overlooked by sighted users, so particular care must
be taken when designing Web sites.

Other problems that were frequently pointed out
included typos & transcription errors, content integri-
ty, and HTML markup errors, but it should be possi-
ble to eliminate these by making thorough use of
tools such as spellcheckers and HTML validators.

4.   Design considerations for Web accessibility

Among the items pointed out in this evaluation,
there were some problems that neither contravened
any existing guidelines [1], [2] nor were capable of
being detected by checking tools, but instead depend-
ed on human judgment. These problems arise
because it is not possible to say specifically what is
bad and what is unacceptable in such cases. For
example, different voice browsers may have different
ways of reading a given word in a given context, and
certain symbols may be read out by some voice
browsers but not by others. Such differences are dif-
ficult to confirm. They include problems of incorrect
kanji readings, most of which will probably be elim-
inated in the future as the ability of voice browsers
improves. However, it would be foolhardy to assume
that all users are using advanced voice browsers, so it
is important to take measures such as making an
effort to use kanji expressions that are unlikely to be
misread, avoiding the use of special characters or
expressions, and using expressions that are unlikely
to be misunderstood when considered objectively.

On the other hand, with regard to the difficulty of
understanding how the information is structured [3],
as pointed out by problems such as the headings
being difficult to make out, it cannot be said that the
problem is adequately covered by existing guidelines.
Therefore, the following section presents a study
specifically aimed at this sort of information structure
design.

5.   Design of speech navigation of information
structure

When sighted users want to ascertain the structure
of information on a Web page, before reading the spe-
cific content of the information, it seems that they
first look for relationships between groups of infor-
mation based on cues such as their positions and the
presence of titles, and then form a framework of the
information structure. Users also seem to grasp the
overall amount of information in a page based on the
amount of information presented and the positions of
scroll bars. Section headings are also used to judge
whether each section contains important information
or can be skipped. However, since voice browsers
read out the information in order from the beginning,
it is difficult to grasp the structure of a page initially.
We have therefore proposed a navigation system that
starts by providing a spoken commentary on the
information in a page when it is accessed by a voice
browser. Specifically, this commentary might take the
form shown in Fig. 3, where the following five types
of description are added at the positions of the speech
bubbles.

• The structure of the page is described at the
beginning of the page.

• A page menu that links to each paragraph is
added at the beginning of the page, allowing users
to skip to the important parts.

• Numbers are added to the headings to help users
understand their current position in the page.

• When there is a list containing several items, the
total number of items in the list is given first.

• At the end of an itemized list or paragraph, the
fact that the end has been reached is mentioned.

These descriptions contain information that sighted
users will have already gathered from cues such as
the visual layout, so the addition of further text infor-
mation would be redundant in this case. We therefore
employed a design where the information structure is
only explained in speech form where it cannot be
seen visually. There are a number of ways of achiev-
ing this, but for now we opted for the most common-
ly used technique of placing a transparent image in
the document with the commentary text inserted into
the “alt” attribute of this image from where it can be
read out.

6.   Evaluation of the speech navigation design

To evaluate what sort of comments and expressions
are effective for helping users grasp the information



Selected Papers

26 NTT Technical Review

structure of Web pages in a voice browser based on
our proposed speech navigation method, we evaluat-
ed its performance alongside a Web site with the
same content but without the added spoken commen-
tary. In this evaluation, test subjects accessed the Web
using voice information alone, without looking at the
browser window, and we investigated points that
were easy and difficult to understand when grasping
the information content of Web pages.

We found that users’ assessments were better over-
all for pages with a spoken commentary about the
information structure. In sites with no commentary,
users reported that they failed to understand the hier-
archical structure and found it harder to distinguish
item headings and lists in the content.

When individual commentaries were provided to
explain the page structure at the start of each page, we
found that the users did not take much notice of this
description and failed to understand much of its con-
tent. In particular, when browsing by means of sound
alone, it seems that it was not possible to grasp units
such as “page”, “body text”, “menu”, or “item”, so
there were also problems with the explanations. Sim-
ilarly, when the voice browser announced that the end
of a paragraph or list of items had been reached, users
did not entirely understand what exactly had ended.
Users also pointed out that the addition of this com-
mentary complicated matters by making it impossible
to distinguish between parts of the original content
and the added commentary about the information
structure.

On the other hand, when a page menu was added at
the beginning of the page, even though that the users
found it difficult to understand the term “page menu”,
they found it very useful for initially ascertaining the
structure, size, and content of the whole page. The
users also reported similar benefits from the initial
description of the number of items in lists, which
made things easier by enabling them to ascertain the
overall amount of information in the page. Further-
more, the addition of item numbers to the item head-
ings helped users recognize which parts of the text
were headings, and this was found to be very useful
as a means of following the order of the content and
the current position within it.

The thing that gave users the most trouble was
working out the hierarchical structure of the informa-
tion and the positions of breaks within it. When a
page menu was provided at the start of a page, con-
taining links to the headings within it, we found that
users mistook this page menu for a complete page and
assumed that by following its links they were jump-
ing to separate pages instead of to different parts of
the same page.

These results show that the addition of speech nav-
igation relating to the information structure is useful
in that it allows users to imagine the information
structure of a Web page before they have read it. In
particular, it is very useful for providing commen-
taries to explain the quantity and sequence of infor-
mation in a page. However, when information is
acquired in speech form, it is liable to be grasped in

Page structure

This page consists of a title
followed by body text. The 
body text consists mainly 
of links.

Page menu

Page menu.
This list has 14 items.
1. Message from City Hall
2. Tax, pensions, health 
    insurance
3. Refuse & sanitation
4. Transport
5. …

There are 4 links.

2

End of list.

List count

Item no.

End of paragraph

Fig. 3.   Example of a spoken commentary on page structure.
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units that differ from the visual information structure,
so it is important to be careful when using terms such
as “page” to express information units, and pages
must be designed so that the original content and the
additional commentary can be easily distinguished
from each other.

7.   Conclusion

To check whether or not a Web page design is com-
patible with voice browsers, the best thing designers
can do is to check their pages by listening to them
being read out by a voice browser. Also, as our eval-
uation case studies have shown, having a Web page
design evaluated with a real voice browser is likely to
reveal many hitherto unnoticed problems, even with
just a single user.
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