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Abstract. Web accessibility is becoming a prominent issue in several countries, 
not only because of legal and compliance issues, but because of sound 
commercial opportunities arising in an ageing society and the Mobile Web. 
This paper will present recent developments under the umbrella of the 
BenToWeb project to create new advanced compliance modules to check 
automatically accessibility issues were before human intervention was 
necessary. These modules will be integrated in an existing Web Compliance 
Framework named imergo®. 

1   Introduction 

BenToWeb (Benchmarking Tools and Methods for the Web1) is a Research project 
co-financed by the Information Society Technologies Programme priority of the Sixth 
Framework Programme from the European Commission (Action Line e-Inclusion2). 
BenToWeb aims to support the European public and private sector to implement the 
recommendations of the eEurope 2005 Action Plan by providing new software 
modules and methodologies that satisfy some of the accessibility recommendations of 
the Web Accessibility Initiative (WAI3) of the World Wide Web Consortium (W3C), 
which are not analysed by existing tools due to their inherent complexity. Among the 
key objectives, we can highlight: 

− Support the Web Accessibility Initiative (WAI) to develop further the Evaluation 
and Report Language (EARL4 [1]) under the umbrella of the Evaluation and Repair 
Tools Working Group. 

− Support the relevant WAI Working Groups in the development of complementary 
documents of the second generation of the Web Content Accessibility Guidelines, 
such as technology-specific techniques documents and accessibility test-suites for 
key W3C recommendations. In particular, XHTML and CSS Test Suites have 

                                                           
1 http://bentoweb.org/  
2 http://www.cordis.lu/ist/so/einclusion/  
3 http://www.w3.org/WAI/  
4 http://www.w3.org/TR/EARL10/  
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being developed for the Web Content Accessibility Guidelines 2.0 [4], and the 
project consortium is actively supporting the WCAG 2.0 Test Samples 
Development Task Force (TSD TF) for the development of WCAG 2.0 test 
materials [12,13]. 

− Investigate further the feasibility of automatic testing procedures that include 
issues like color-contrast, low-vision, color deficiency and consistency of 
navigation elements, and develop implementation modules for user testing. This 
development is described within this paper. 

The modules developed cover the following issues: 
− Automatic detection of navigation consistency on Web sites. This module 

implements sophisticated statistical methods to detect navigation patterns in Web 
sites, which are then internally compared (content-wise and with look and feel) for 
consistency. 

− Automatic detection of low contrast problems in online markup documents and 
images. The implemented algorithms analyze color information in the 
corresponding stylesheets and markup documents, as well as of images, to alert 
authors of low contrast problems. 

− Automatic simulation of dichromat color deficiencies. These algorithms will be 
used by the low contrast modules to detect contrast issues for this sector of the 
population. 

1.1   Imergo®  

The developed modules are not developed as a set of isolated modules, but to be 
integrated within the imergo® Web Compliance Framework [9]. imergo® comprises 
a set of tools that support the industry and the public sector in their online compliance 
efforts, not only in regard to accessibility, but in other areas like standards 
compliance, corporate identity, etc.5 

This integration imposes several additional requirements to the designed 
framework in regard to persistence of results, reliability and performance, which 
cannot be underestimated. 

2   Navigation Consistency Module 

We consider a Web site as an interactive software system. It interacts with at least two 
different kinds of users:  

− end users trying to achieve some goal, and 
− Web developers and editors striving to keep the system functioning and improving 

it. 
In a Web site, the consistency of presentation and controls, especially navigation, 

should be ensured. This includes: 

                                                           
5 Imergo® is commercialized under the name of Web Compliance Manager: http://www. 

reddot.com/products_web_content_management_website_compliance_manager.htm  



408 J. Koch et al. 

− natural organization of the information (systematic labels, clear hierarchical 
structure); 

− contextual navigation (in each state only the possible navigation options are 
available); 

− efficient navigation (in terms of time and effort needed to complete a task); and 
− clear and meaningful labels.  

All these properties related to accessibility may be further decomposed into more 
detailed ones that refer to specific attributes of the Web site implementation. Actually, 
such decomposition has to be done in order to support accessibility checking methods 
and to identify and fix faults.  

Some of these lower-level properties refer to attributes that depend only on how 
the Web site has been designed/developed (e.g., textual descriptions of links 
embedded in images) – they are internal attributes, while others depend on the Web 
site and its usage (e.g., how meaningful a label is) – external attributes. This is always 
the case for properties referring to the content, which require some sort of 
interpretation that assigns meaning to symbols in order to be assessed. While for 
evaluating accessibility of a Web site both internal and external attributes are needed, 
only the former ones are directly amenable for automatic tests.  

2.1   State of the Art 

The task of extracting navigational elements out of documents and the automatic 
detection of consistency is not simple because of the lack of semantic information in 
the HTML markup regarding the described elements. There are a lot of efforts going 
on in the area of extracting of information blocks out of documents using a variety of 
approaches. Mostly they categorize the extracted information blocks according to 
specific semantic meaning. As an example Headers, Paragraphs, Forms and 
Navigational elements are used. 

Segmentation of documents is used as a basis for such a categorization of content. 
The most used approach is to generate a Document Object Model (DOM) from the 
markup and analyze it. Embley et al. [5] developed an algorithm to extract 
information blocks out of tables containing data about cars (e.g., price, type, 
production date, etc.). They classified the elements of the document at hand according 
to a specified ontology, where a key role was played by the table element. By using 
this approach, they were very dependent on the structure of the information in the 
document, thus their approach is difficult to generalize. Lin & Ho [7] developed an 
approach to extract relevant information blocks out of Web documents by defining 
entropy blocks based upon occurrence of given terms. Gupta et al. [6] extracted 
information by removing the tags and elements that do not belong to the text content 
like, e.g., lists of URLs. Yu et al. [17] tried to find visual separators to divide a 
document into many parts. An example for such a visual separator is the HTML 
element <hr> (horizontal line) or a change in the background color within the page. 

The above mentioned approaches are too generic as they consider only a portion of 
the elements of a document. They cannot be used to extract and automatically detect 
navigational information, because such information is hidden in a variety of elements 
and element structures. There are, however, other approaches, which provide a 
broader view on documents and consider more elements: Liu et al. [8] described an 
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algorithm called SEW, which extracts hyperlinks out of a Web document. The core of 
the algorithm is the extraction of the navigation bar of a specific Web page. The 
execution sequence follows two steps: the first one consists of building the DOM of a 
Web document, where all links can be identified through <a> HTML element, to 
build the initial cluster. Different heuristics were developed to identify the generic 
properties of navigation bars which are represented in the document's DOM tree. By 
applying these heuristics, partitioning in clusters could be achieved. The resulting 
clusters possess the properties of navigation bars and build the foundation for the 
selection of the navigational candidates. In the second step, only numerical properties 
of URLs with specific content are considered. Statistical evaluations discover and 
deliver the right candidates with highest probability to be part of a navigation bar. 
This approach does not presume knowledge about the domain or its ontologies. The 
process might appear suitable for our purposes, however, for the second step, no 
algorithms or functions are provided, thus we needed to focus on the development and 
testing of new algorithms. 

2.2   Consistency of Navigational Structures of Web Sites 

To clarify some language issues, we are following the mainstream literature and we 
define: 

− Web site: specific set of resources under a given URL or domain name. 
− Web page (or resource): a single resource within the given domain. 
− Navigational structure: set of navigational objects within the Web page, plus their 

(DOM) location and appearance. Such navigational objects are, e.g., sitemaps, 
search forms and navigation bars. 

A consistent navigational structure means that the location and appearance of the 
navigational structure on all Web pages within the Web site are, to a certain degree, 
similar on their look and feel. This similarity does not mean a 100% exactitude, but a 
level such that they are identified as consistent in location and appearance by the 
users of the Web site. Therefore the consistency check will be specified to build 
similarity measures and thresholds for specific properties. The properties we will 
consider for consistency check are:  

− Internal structure (XPath location in the DOM presentation); 
− External structure (visual location within the Web page); 
− Foreground color and background color of different HTML blocks; and 
− Images, whenever used. 

In the algorithm implementation, we considered several matching algorithms to 
identify and classify link patterns. Initial prototype implementations were very 
successful and the authors are proceeding at the moment of writing this paper to 
evaluate with experts and users the reliability of the results. 

3   Color Contrast Module 

The color contrast module was aimed to detect color contrast issues of markup 
documents and embedded media. The issue of color contrast has been investigated for 
long time in vision and design fields. Contrast is normally defined as the difference in 
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visual properties that makes an object (or its representation in an image) 
distinguishable from other objects and the background. In visual perception of the real 
world, contrast is determined by the difference in the color and brightness of the 
object and other objects within the same field of view. Ridpath & Chisholm [11] 
propose a measure of contrast based upon linear differences of brightness and color 
components of foreground and background components. We found this algorithm to 
provide not so reliable results, thus we used an algorithm based upon the difference in 
luma6 values of foreground and background components, corrected with an 
exponential factor. 

Our initial evaluation of the module gave promising results that will be confirmed 
in the forthcoming user tests.  

4   Color Deficiency Modules 

The color deficiency modules were targeted to implement known simulation 
algorithms presented in the mid-90s by the research group of Brettel and Viénot (see, 
e.g., [2,3,14,15,16]) for dichromats. Our work not only did implement those 
algorithms but provided room to test different gamma values for display systems not 
available at the time the above algorithms were published [10]. 

 

 

Fig. 1. Testing browser with the deuteranopia plug-in 
                                                           
6 YCbCr is a family of colour spaces used in video systems. Y is the luma component, and Cb 

and Cr are the blue and red chroma components. Applied to video signals, luma represents the 
brightness in an image (the "black and white" or achromatic portion of the image). Luma 
represents the achromatic image without any colour, while the chroma components represent 
the colour information. 
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Fig. 2. Testing browser with the protanopia plug-in 

 

 

Fig. 3. Testing browser with the tritanopia plug-in 
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Additionally, to test the reliability of the algorithms by usability experts, a Web 
browser was developed on top of the JRex Java Browser Components.7 This browser 
allowed via direct menu access the application of different testing plug-ins, where the 
expert could see the original Web document, and the modified one. For this browser, 
several plug-ins were developed for the three dichromacy modules (see Fig. 1, Fig. 2 
and Fig. 3). 

5   Conclusions and Future Work 

This paper has presented our initial work to automatically test some accessibility 
components. Although this is work in progress, the initial prototypes present very 
promising results. Coming work includes expert and user testing, were the validity of 
our approach will be proven. Further refinement of our algorithms might occurs as a 
consequence of this evaluation. 
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