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Abstract. The Web has turned out to be an interactive and complex information 
seeking environment where apart from text, layout and visual cues play a 
significant role in its efficient use. In this paper we present a semantic web 
based framework for communicating this visual meta-information to blind users 
who miss it. Based on annotations of web pages blind users are given a set of 
browsing shortcuts within a web page and this way they can move easily to the 
desired point of the page. In addition to this mechanism we enhanced these 
annotations with spatial information and we provide blind users with a spatially 
enriched variation of the browsing shortcuts mechanism. To test its effects on 
web browsing of blind users we conducted an experiment with 15 users 
participating. The results indicate that there is no significant improvement when 
using the spatially enriched variation of the shortcut feature but there is a 
decrease in time and keystrokes when the browsing shortcuts mechanism is 
used alone. 

Keywords: Web accessibility, Semantic Web, browsing shortcuts, spatial 
information. 

1   Introduction 

At the early days of WWW development, accessibility for Visually Impaired (VI) 
people was mostly a text-to-speech problem since the web kept a rather textual form. 
However, the dominance of the desktop metaphor in web page design, as well as the 
use of the web as a platform to deliver different types of complex applications, 
transformed the web into a more interactive, highly demanding and complex 
information seeking environment. This development affected seriously blind users' 
web accessibility because apart from the text itself, the layout of a web page and the 
other orientation and navigation aids started to play a significant role in using web 
applications efficiently. In fact, nowadays the visual meta-information which is 
communicated to sighted users and considered crucially important for efficient 
information seeking, is mostly missed by blind users [3]. 

The main source of the problem is the lack of semantics in HTML. HTML does not 
support the advanced structures that are presented through visual representations as 
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first class objects. For instance, the concept of a site map aiming to alleviate user 
disorientation is not supported inherently in the Web, but it is only perceived by 
sighted users due to its visual representation. In an effort to enrich web pages we 
developed a semantic web based application framework [6]. The framework depends 
on the commitment of people participating in it and forming communities with 
specific goals. The three groups of people within the framework are: 

• Ontology creators, who develop ontologies that will provide annotators with the 
necessary vocabulary in order to annotate web pages.  

• Annotators, who annotate web pages according to users’ needs. 
• End users who benefit from the annotations using framework-aware agents. 

In this paper the agent which is discussed is a specialized voice browser (called 
SeEBrowser) which utilises the annotations implementing a browsing shortcuts 
mechanism. However, in this paper we focus more on a spatially enriched variation of 
browsing shortcuts (SEBS) in comparison with the simple serialized access (SSA) and 
the simple browsing shortcuts (SBS) mechanism. Sighted users use spatial 
information of a web page’s design in order to remember and use a web site more 
efficiently in the future. In this paper we wanted to investigate the effects of this 
spatial information on web browsing of blind users. In order to investigate these 
effects we conducted a within subjects experiment using 15 blind users. The object of 
the experiment was threefold: 1) To investigate whether information given by 
annotations about the existence of elements in web pages is already known or 
perceived through SSA, 2) To find out whether blind users can exploit and use 
efficiently spatial information given to them in SEBS and 3) to examine the effects of 
the 2 variations of the browsing shortcut mechanism in the efficiency of information 
seeking tasks. 

2   Related Work and Rationale 

A solution to problems caused by lack of semantics in HTML, poor web site 
construction and the inefficient serialisation mechanism of screen readers was 
proposed by Tagaki and Asawaka [10]. They based their solution on annotations of 
web pages that helped in their reconstruction through a transcoding server. A similar 
approach was suggested also by Huang & Sundaresan [5]. However, Hanson & 
Richards [4] argue that the specific transcoding server approach has certain 
drawbacks. 

To overcome issues pointed out by Hanson and Richards we used some of the 
ideas that the Annotea project [1] is based on. The simplicity of the project and the 
ideas of client-server architecture, having the annotations stored on a server and 
using them through specific agents are key points to our approach too. 

 Thus, unlike the efforts using a transcoding server, our Semantic Web (SW) 
framework does not require any centralised mechanism that transforms the web 
pages, but the utilisation of annotations takes place client-side. This makes our 
framework a flexible, open, extensible and scalable annotation scheme, while at the 
same time it aims to maintain the non-centralised nature of the WWW. Marshall & 
Shipmann [7] present and categorise the various views and expectations raised by the 
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SW. The view closest to our approach is that of people using the SW as a way for 
metadata syndication, enabling the communication between various information 
sources and agents.  

3   The Application Framework 

The application framework is described in detail in [6]. Moreover the purpose of this 
paper is to describe the effects of a specific implementation of the framework and not 
the framework itself. Thus, in the following sections we will present in brief the three 
basic parts of it. 

3.1   Ontologies 

Ontologies are the first key point of our framework and they are produced by 
ontology creators who need to have some experience in knowledge representation and 
engineering. Ontology creators use a specially adapted ontology editor called ONAR 
[11] but any OWL compliant ontology editor can be used.  

The ontology developed up to now for the purposes of our project, describes 
navigational and visual aids existing in web pages and not being able to be captured in 
the application level such as the ones described in [13]. These elements are common 
“landmarks” in many web pages and in web portals and search engines in particular 
such as menus, advertisements, results list, internet directory etc. Apart from classes, 
ontologies can also describe relationships between them and a very important one 
described in our ontology is the “Contains” relationship. It indicates a composite 
element in a web page, for example a results list that contains result items etc. Finally 
the spatial information is kept in a common attribute for all classes which is called 
“Location”.  

3.2   Annotations 

In the second part of the framework, annotators use ontologies in order to describe 
elements in web pages. Annotations are stored in RDF/XML files which are uploaded 
to a server and kept in a RDF database through a web interface. In this process there 
is also an authentication stage for two reasons. First we could not prevent multiple 
annotations from various annotators since we wanted to keep the framework open. 
The decision of which annotations to use is up to the end-users. Second, it ensures 
that the feedback given from the users group to annotators can be directed to the right 
persons. Annotators use a GUI based annotation tool to produce annotations. They 
can easily select an element from a web page and assign it to a specific class from the 
vocabulary. Another characteristic of the tool is a mechanism that calculates the 
position and the area that the element covers in the web page and produces the spatial 
information kept for the location attribute. This information is coded in a series of 
numbers from 1 to 9 separated by commas. Each of the numbers indicates an area on 
the web page, according to the numeric keypad diagram, which the element covers 
(see Figure 1). 
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3.3   Utilisation 

The last part of the framework has to do with the utilisation of annotations using the 
SeEBrowser which uses the Demosthenes speech composer [12]. SeEBrowser as any 
other voice web browser includes basic browsing functions such as going back and 
for in history pages, browsing and speaking modes e.t.c. 

 

Fig. 1. Area separation and annotated elements allocation 

However, the distinctive feature of SeEBrowser is the browsing shortcuts 
mechanism (SBS) and its spatially enriched variation (called SEBS). The SBS feature 
is presented in detail in [9]. Browsing shortcuts is a mechanism which facilitates blind 
people to move efficiently to various elements of a web page (e.g. functional elements 
such as forms, navigational aids etc.), hence operating effectively as an interaction 
method and a vital counterbalance to low accessibility of web pages. In general it 
provides blind users with a list of entry reading points to the web page that sighted 
users spot within seconds. Moreover, the feature enables rapid transition amongst 
parts of the page reducing the time needed to reach a specific point using the simple 
serialized reading of the web page. Finally, it also enhances a progressive disclosure 
mechanism that excludes annotated elements from the initial list when they are 
contained within others and presents them when the user reaches the container 
element. 

The SEBS is a variation of SBS that, in addition to browsing shortcuts, utilises the 
spatial information kept in the annotations. In particular the user can listen to the 
annotated elements that exist in a specific area by pressing Ctrl+[Number] where 
[Number] is the number of the area according to the numeric keypad. In addition, 
there is also the option of listening to which areas an element covers by pressing 
Ctrl+0. This variation aims in making more efficient the use of browsing shortcuts 
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(SBS), based on knowledge of web design principles such as the desktop metaphor. 
For example, based on the desktop metaphor a menu of web site will probably exist in 
some peripheral area such as 4 of 8. Thus, when a blind user is looking for the menu 
on a web site s/he should first look in either of these two areas by pressing Ctrl+4 or 
Ctrl+8. This way s/he will have to browse through a much more limited list of 
annotated elements to find the desired one. However, blind users are not familiar in 
using spatial information since the serialized version of web pages does not include 
any. This means that they will probably need some time to familiarize, absorb and use 
it efficiently.  

4   User-Centered Evaluation Experiment 

In an effort to evaluate and investigate the effects of the spatially enriched browsing 
shortcuts we conducted an experiment following the experiments described in [6] [9]. 
These experiments gave useful and encouraging feedback regarding the efficiency of 
SBS and SeEBrowser’s usability in general. However, in the experiment we report in 
this paper we investigate the SEBS feature in comparison to both the SBS and the 
SSA mechanisms. Thus, we made the necessary changes in the design of previous 
experiments to accommodate the new needs. Moreover, we wanted to determine 
whether spatial information given by the browsing shortcuts is already perceived 
without it and whether the spatial information is really understood by users. 

4.1   Subjects 

Subjects of this experiment were 15 blind users already using the web with screen 
readers in combination with Internet Explorer. All of them were rated as medium to 
expert users from their IT teachers in the school for blind people and they are using 
the web for at least one year. 

4.2   Environment and Tasks 

The environment used for the experiment consisted of 2 popular web portal sites 
(www.pathfinder.gr & www.metropolisradio.gr), used for the description tasks and 2 
large newspaper sites (www.tovima.gr) (www.enet.gr) used for the information 
seeking tasks. Users were asked to complete 2 description and 6 information seeking 
tasks in overall. 

The two description tasks of the two web portal home pages were completed using 
in one case the SEBS system and in the other using the SSA system. Each of the 2 
cases covered a different goal. When using the SSA users were asked to identify and 
order four kinds of web page elements according to the serialization elements found 
on a web page. The elements to be identified were:  Menus, advertisements, headline 
articles and groups of latest news. This task investigated whether information given 
by annotations about existence of elements in web pages is already known or 
perceived through SSA. In the second case users were asked to describe a “spatial 
map” of the web page as they where exploring it using the SEBS mechanism. This 
task helped to verify that blind users can understand the spatial information given to 
them in SEBS. The 6 information tasks were separated in 3 sessions. Each session 
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consisted of 2 question answering tasks. One task required within-page browsing and 
the second across-pages browsing in order to be answered and users were informed 
about it before each task. Each session was to be completed using a different variation 
of the system (i.e. SSA, SEBS, SBS). In the first two sessions subjects used each of 
the two newspaper sites. The third session was conducted after a period of about a 
month to avoid carry over effects from the use of the previous two systems and they 
used randomly one of the two newspaper sites which published new content at that 
time.  

4.3   Protocol 

A within-subjects laboratory experiment was conducted to compare the systems. The 
experiment was separated in three sessions. The first two sessions were conducted in 
a classroom having 2 subjects working simultaneously on the same task but with a 
different system. Each of these two sessions completed using a different system on a 
different web site. The two systems-conditions used in this first experiment period 
were the SSA and the SEBS. The sessions consisted of one description task and 2 
question answering tasks. The descriptions of web pages from users were recorded in 
mp3 files. 

Before the first session users were given a demonstration of the two systems and 
they were asked to use them for about 15 minutes for familiarisation. They were given 
a 30 minutes period for each task with short breaks between them and there was also a 
30 minute break between the two sessions. The third session was conducted after 
about a month from the first two and consisted of two question answering tasks in one 
of the newspaper sites selected randomly for each user. 

4.4   Instruments and Measures 

The instruments used for the experiment analysis were the descriptions’ audio files 
and the log files that kept their interaction with the system. The log files were keeping 
every movement they made along with information about the listening cursor at that 
time.  

Descriptions. The information from the descriptions was recorded to either list of 
elements when the SSA system was used, and to 9-cell table maps when the SEBS 
system was used. The lists and maps were further analysed in order to group common 
problems found and point out specific cases required deeper analysis. These 
observations indicated the main effects of SEBS in the description of web pages. 

Log files. The log files were used as instrument for the information seeking tasks. 
Based on them we calculated the following measurements/evaluation criteria: 

• Number of keystrokes per task. 
• Average number of keystrokes per visit for every task. 
• Time for task completion. 
• Average time spent per visit for every task. 
• Average time per movement for every task. 
• Times of repeated segments of a web page (text re-entries). 
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4.5   Results 

Descriptions. The analysis of the descriptions of web pages showed some very 
interesting results. First of all, the description made using SEBS where most of them 
quite accurate and complete. However, one very common problem in these 
descriptions was that users could not understand when an element extended to 
multiple web pages areas. In many cases users didn’t use the area identification 
(Ctrl+0) mechanism at all, which informs them about the areas that an element covers. 

Furthermore, the findings from the descriptions using the SSA system are even 
more interesting. First of all, most of them are incomplete. The most commonly 
missed elements were advertisements and menus which are the most dependent on 
their visual representation elements out of the four requested. Missing alternative 
texts in advertisements banners caused confusion and menus are more often 
comprehended simply as consecutive links. 

In addition, there were cases where users could not understand that they were 
reading latest news sections. They just read the article titles without realizing that they 
were sections with latest news of a specific domain. The least misunderstood and 
omitted element was the headline articles probably because of the short abstracts 
usually following them. 

Time for task completion. As we can see in Table 1 the SBS system reduced the 
mean task time to 4.83 minutes instead of 7 minutes for the SSA. On the other hand 
the SEBS mean task time was 10.67 minutes. In fact, the paired samples T-Test 
proved that the differences between the following pairs (SSA - SEBS) and (SBS– 
SEBS) are statistically significant.  

Table 1. Average results of evaluation criteria in three experiment conditions 

System Evaluation criteria 
SSA SBS SEBS 

Task time 7.00min 4.83min 10.67min 
Avg. time in visits per task 3.37min 2.57min 4.62min 
Avg. movement time per task 0.311sec 1,433sec 0.604sec 
Keystrokes per task 237.24 152.17 280.20 
Avg. Keystrokes per visits and task 123.76 87.77 144.43 
Text re-entries 68.34 36.45 134.70 

 
Average time spent per visit for every task. Table 1 shows that the same correlations 
between systems exist for the average time spent per visit for every task. The SBS 
system users spent less time per page than the SSA system users who in turn spent less 
time than the users with the SEBS system. In fact, the difference between the best 
(SBS) and worse system (SEBS) is statistically significant too. 

Average time per movement for every task. The results in this metric can partially 
give some insight into the previous two evaluation criteria. We observe that in the 
SEBS condition users spent almost twice the time per movement than users in the 
SSA condition. In fact the differences between the systems are statistically significant 
according to paired samples T-Test (Table 2). We believe this proves the high degree 
of familiarization with the SSA system since it indicates users were moving fast to the 



 The Effects of Spatially Enriched Browsing Shortcuts 365 

possible destination skipping much of the unimportant parts. Users of the SEBS were 
a bit more careful in reading and spent more time per movement. What is very 
interesting nevertheless is that users in the SBS condition spent even more time per 
movement and listened to the text even more carefully. Combined with the previous 
findings about time spent per page and the fact that they completed successfully their 
tasks we can understand that they read less and more important parts of the text than 
the users of the SSA system. 

Table 2. Statistically significant differences between SEBS and other systems (p<0.05) 

Evaluation criteria System compared with S.E.B.S   

SSA 
Task time 

SBS 
Avg. time in visits per task SBS 

SBS 
Avg. movement time per task 

SSA 

Keystrokes per task SBS 

Avg. Keystrokes per visits and task SBS 

 
Number of keystrokes per task. The results of the number of keystrokes per page 
reinforce the previous conclusions. Users with the SBS used less keystrokes to 
complete their tasks than any other system. However, the fact that users with SEBS 
used more keystrokes than the ones with the SSA is slightly concerning and indicates 
that users with SEBS might have used some time from the information seeking tasks 
to familiarize and explore the web pages visited or might have suffered from 
disorientation that lead them to listen the same parts of pages many times. 

Average number of keystrokes pressed per visit for every task. Findings in this metric 
follow the results of the previous metric confirming that users with SBS performed better 
than with any other system. They also reinforce our belief that the familiarization with 
the SSA system provided enough leverage in comparison with the new and unknown 
SEBS system. 

Text re-entries. Finally the findings in the text re-entries metrics confirmed our 
doubts that users using SEBS could suffer in many cases from disorientation. In fact 
we can see that users in the SEBS condition had almost double text re-entries than 
those with the SSA system. In addition users with SBS had almost half re-entries of 
users with SSA and only a quarter of those with SBS system. 

Discussion of the results. To sum up, the findings from descriptions using SSA 
reinforced our belief that information given to users through SBS and SEBS about the 
existence of various elements in web pages can not be perceived and used efficiently 
in SSA. Moreover the information given to them through SEBS is easily understood 
and introduces them to web page design which could prove to be helpful in the future. 

In overall the SEBS condition, increased the time needed for task completion and 
the keystrokes pressed. After a second reading of the results though, we can see that 
this can be explained firstly by the disorientation that seemed to cause. The other 
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factor is that they were using the spatial information for the first time ever and did not 
have any knowledge of web page design principles such as the desktop metaphor. 
Thus, they did not have enough time to familiarize, absorb and learn how to use it 
efficiently. In fact, many users commented on it, saying that the information gained 
from SEBS would certainly be more helpful in future visits to web sites. On the other 
hand, their familiarization with SSA system worked as leverage and reduced the time 
and key-striking effort when using the SSA. In fact, most of the users have developed 
strategies such as reading the links of a page or reading a page backwards in order to 
eliminate the time and key-striking effort needed to reach their destination. The later 
explains also why they performed better with the SBS system. SBS is much closer to 
the already used strategies of browsing through links of headings in a web page. 

5   Conclusions and Further Research 

Summing up, in this paper we presented an application framework based on the 
semantic web that can provide a basis for improving Web accessibility. Moreover, we 
presented how the framework utilizes spatial information kept in the annotations 
through the SEBS feature. To investigate its effects on web browsing and web 
information seeking we conducted an experiment with 15 blind users that used 
SeEBrowser under three different conditions (namely SSA, SBS, SEBS). 

The analysis of the data showed that the SEBS was not used as expected and did 
not improve the browsing efficiency. On the other hand, the SBS mechanism 
improved considerably browsing efficiency. To investigate whether these results can 
be explained by the fact that users were not familiar with the new feature and spatial 
information the next experiment will be conducted after a sufficient period of use of 
SeEBrowser and its features. However, the descriptions of web pages showed that the 
information provided by the SBS and its variations is quite important. In particular, 
users tend to miss elements in web pages that depend heavily on their visual 
representation such as menus and advertisements. 

The SEBS feature aimed at reducing the initial list of elements of SBS to a more 
focused and limited one. Apart from the location of elements there is also another to 
achieve this. Having as feedback the use of browsing shortcuts in general we can 
design a learning adaptation mechanism. Up to now the order of the elements in the 
list is random. However, the feedback from their use can give us information on 
which shortcuts are preferred more in specific web pages and in general. This 
information will enable the design of a personalized adaptive browsing shortcuts 
feature that could reorder and reduce the initial list of annotated elements. 

Finally as already pointed out in the framework description there is a vast area of 
research that could be done on automatic and semi-automatic annotation. 
Ramakrisnah [8] has already suggested mechanisms to achieve this but they work 
well only with web pages on a specific domain. The two most important approaches 
are based on structural analysis of web pages and by applying pattern recognition 
mechanisms and the other by lexical analysis applying natural language process 
mechanisms. When combined, these two approaches can give even better results. 
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