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ABSTRACT 
 
Rich Internet Applications (RIA) encourage World Wide Web (Web) content to be extracted 
and remixed from dif-ferent sources, so that presented content can be updated in small 
chunks, rather than reloading the entire Web page. These concepts change the way Web 
pages are created and how users interact with them. Hence, these changes will require 
assistive technologies to adapt to them. We intro-duce the concept of identifying and 
modifying embedded code within a Web page (widget) during development, so that widgets 
that are not in an accessible form, and which produce inaccessible content can be modi ed. 
Our concept can be also applied as an enhancement for screen readers, so that they can 
provide a preview facility of the types of features provided by the widgets. Currently, we are 
investi-gating di erent methods for detecting widgets from the Web page's source code. An 
evaluation of our detection methods has been carried out; this was an attempt to search for 
two types of widgets from the top twenty Websites. The evalu-ation successfully detected all 
widgets, suggesting that our identi cation methods are successful, although some false 
positives were also detected. Since we are in our initial stage, further investigations will be 
required to re ne our methods, and pursue the observation and modi cation phases required 
by the project. 
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1.    INTRODUCTION 
 
The Web has evolved from a collection of static Web pages that require the page to be 
reloaded every time the content has changed, into dynamic Web pages that update the 
con-tent independently in small chunks (micro-content). These concepts form part of the 
second generation of Web development and design (Web 2.0) concepts that encourage 
Web applications to gather data and remix them from multiple sources, and to utilize the 
advantages of that platform to deliver rich user experiences [9]. These methods of delivering 
information uses code embedded within the Web page, to source and remix data, and to 
manipulate the displayed content, so that they update in micro-content format. 

Unfortunately, assistive technologies such as screen read-ers1 often face problems when 
attempting to cope with the advancement of the Web and the technologies [1]. Web 
accessibility guidelines and validators do assist Web developers to create accessible Websites, 
but that the problem with validating dynamic micro-content is the mutated content is often 
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hidden from validators, and is invisible to humans until it is mutated. Thus, the accessibility of 
the content relies heavily on how widgets are developed. 

Often, to manipulate micro-content, widgets provide features for users to control the way 
content is displayed. How-ever, even for sighted users, a learning phase will be required 
before users can fully utilise the widget. This process is even more complicated for visually 
disabled users. Normally no user documentation is provided for widgets, and micro-content 
can be updated without being noticed. 

An identification and modification process is proposed to fill this gap. This approach identifies 
widgets written in JavaScript from a Web page. Then the processes of the identified widgets 
can be analysed, so that widgets producing inaccessible content, or not written in an 
accessible form can be isolated for modification. We called the proposed approach the 
WIMWAT project. The outcome of this project is envisaged to be either a development utility, 
or as a plugin to provide screen readers with information about the widget. 

The initial investigations to identify widgets from a Web page proves that our methods are 
feasible. Our literature survey highlighted the gap and importance of the proposed work. 
Hence, further investigations to re ne our identification methods, and pursue the remaining 
work proposed by the WIMWAT project is suggested. 

2.    RELATED WORK 
 
Due to the Web 2.0 concepts, the development of RIAs, has broken the `Page Model' that 
most users and Web developers are accustomed to [8]. Now content in a Web page can be 
updated as dynamic micro-content, without requiring the Web page to be reloaded [2, 7]. 
These changes require assistive technologies such as screen readers to adapt to them [1]. 
Specifications such as the Accessible Rich Internet Applications (ARIA) [4] by Web Accessibility 
Initiative (WAI), and Web accessibility guidelines aim to make dynamic micro-content more 
accessible to people with disabilities. WAI-ARIA tags allow developers to specify the roles of 
different elements on a Web page, so that screen readers can form semantic relationships 
between the elements to provide coherent information about the widget to its users. A recent 
study by Thiessen and Chen demonstrated that it is possible to develop accessible RIA using 
ARIA specifications [10], and the concept of including WAI-ARIA tags into Web pages seem 
promising to solve the problem. However, in practice, more work is required to transform 
existing Web pages into true accessible Web pages with dynamic micro-content. 

Code comprehension is a key aspect for our work. By understanding the design patterns that 
matches a Web widget, different types of widget can be identified from a Web page. Studies 
by Fukaya and et. al. [6], and Dong and et. al. [5], showed that design patterns can be 
detected from the source code using different code comprehension techniques. However, 
these techniques are not foolproof [6], and unlike them our approach deals with the Web, 
which is of a different scale and degree. The Web is a heterogeneous set of technologies, 
recommendations, and guidelines that is undergoing constant change, thus the techniques 
discussed in [6, 5] may behave differently in this medium. 

 

 
1A technology commonly used to assist visually disabled people to access displayed content 
on the screen. 
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3.    MOTIVATION 
 
Web accessibility guidelines and WAI-ARIA specification provide recommendations for 
producing accessible Web con-tent, but due to the complexity of developing RIAs, 
accessibility becomes difficult and it is often overlooked. Further-more, widgets often require 
visual means to understand and interpret their usage or purpose. An example would be the 
Auto Suggest List widget as seen in Figure 1. In this example, we will assume that this widget 
does not use WAI-ARIA tags, thus, it is not in an accessible form. Then, users with visual 
disabilities may not be aware that a suggested list of possible queries (underneath the search 
field) is generated from the search query entered, and defeats the purpose of the widget. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: An example of the Auto Suggest List widget on Google.com 

 

Apart from these problems, to incorporate WAI-ARIA specifications, Web pages, Web 
browsers, and screen readers have to support it. As long as one of these components fails to 
do so, the concept will not work. 

The WIMWAT project attempts to provide solutions to these problems. It will be a complete 
solution that can be applied during development, as well as enhancing the capabilities of 
screen readers. 
 
3.1    During Development  
The project can be visualised as a reverse engineering tool when applied during 
development. It will be a tool to assist Web developers and authors to check the accessibility 
of content produced by the widgets when developing RIAs. Beside this feature, it can also 
assist them when inserting WAI-ARIA tags in the widget's code. Inserting this additional 
information will allow screen readers supporting WAI-ARIA to gel the different components of 
the widget together, thus, developing or transforming widgets into an accessible form. 
Therefore, this utility will not only help to check the patterns of content production by the 
widgets, but also assist developers to develop more accessible RIAs. 
 
3.2    Enhance Screen Readers  
The project's concept can be also applied on the client-side, so that screen readers can be 
provided with information about the widgets in a Web page. This information includes the 
different types of widgets, and the features provided by them. With this knowledge, screen 
readers can provide users with a preview feature, so that users can be aware of the different 
types of widgets available, and how can they utilise them efficiently and effectively. WIMWAT 
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can be visualised as a plugin for screen readers as shown in Figure 2. However, no 
modification to the Web page's source code will be carried out. 

 
 
 
 
 
 
 
 
 
 
Figure 2: Application of the WIMWAT project at the client-side as a plugin for screen readers 

 

4.    METHODOLOGY  
The project is broken down into three stages according to its main processes; the identification 
stage, the observation stage, and the modification stage. In the identification stage, a Web 
page is searched for traits2 instances of a widget. Using this method together with rules to help 
distinguish the different types of widgets, we can be discover widgets from a Web page. In the 
observation stage, the widget's processes will be analysed and checked for its accessibility. 
Finally, necessary modifications will be done in the modification stage. 

An example of how `tell' signs can help discover a widget from the source code is illustrated 
with the help of Figure 3. In this example, the process to search for whether a Carousel widget 
is present in a Web page is described. The four `tell' signs designed to determine whether a 
Carousel widget exist within a Web page are: Controls, List of contents, Content display 
window, and Display pointer. 

Instances of each of these `tell' signs are searched for within the source code of the Web 

page. This was done using Perl's regular expression syntax to match for patterns within the 

source code that resemble instances that could form the `tell' signs. In this example, the rule 

designed so that a Carousel widget can be assumed to exist in a Web page require all four 

`tell' signs to be present. To illustrate this, we will focus on searching for the Control `tell' sign. 

This `tell' sign must include instances of a `next' and `back' button. Now we will examine how 

to determine if a `next' button is present. The following steps must be considered sequentially: 
 

1) For a `next' button to be present, an object that trig-gers the JavaScript event will be 
searched within the source code, and the event triggered should increment the display 
pointer. The possible contenders of a `next' button object include,  

 
Form elements,  

<input type="button"...> // button <input type="submit"...> // submit button  
Anchor links with text, 

<a  href="..."  ...>...</a>  
Anchor links with images, 

<a  href="..."  ...><img  src="..."  ...></a> 
 
 
 
2In this report, the term `tell' signs will be used instead of `traits'. `tell' signs are clues within the 
code that gives the smell and characteristic of a Web widget. 
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In the JavaScript code, instances of incrementing the display pointer will be searched. 

Variables with `++', or variables that are assigned with a value that will be plus one will be 

chosen for further analysis, and later determine if they are possible display pointers. When 

these two instances are present, the likelihood for the object to be a `next' button 

remains. Hence, further analysis of the object and code identified must be 

comprehended before the assumption can be ascertain. 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Application of the WIMWAT project at the client-side as a plugin for screen readers 
 
 

2) Next, further measures must be done to isolate the genuine display pointer from the 
possibilities identified in the previous step. Often in the code, a display pointer will be 
constantly checked to ensure that it does not refer to a location that is out of range of the 
list of contents. Hence, instances of such conditions to bound the display pointer value will 
be searched. The following regular expression was used to conduct this.  

 
"/if\([\w\W]*\s*(==|<=|>=|>|<)?".$possible[$i]  

."\s*(==|<=|>=|>|<)?[\w\W]*\)/i" 
 

The concatenated array `$possible[$i]' within the regular expression stores the possible 
display pointer's variable names identified by the previous step. 

 
3) The last measure used to isolate the display pointer is to check if the display pointer is used 

to refer to a location within a list of content. To cater for different variations of 
programming styles and methods, the following regular expression was employed.  

 
"/([-_0-9a-z]+)\[".$possible[$i]."\]/i" 

 
Here, the possible lists of content is searched. It should store the different content that the 
user can browse through. Now, if the true list of content can be identified, so can the true 
display pointer. 

 
4) To ensure if the list is a true list of content, the location referred in this list should be 

displayed at the end of the process. This check will also help us to identify the content 
display window `tell' sign. Hinted in step 3, there are more than one method to update 
and present the content to the users. Some of these include using JavaScript's innerHTML 
and CSS to hid-den or show different objects on the Web page. The following regular 
expressions were applied to search for the respective displaying possibilities:  

 
Using innerHTML 

 
"/\.innerHTML\s?=\s?".$displayList[$plp]. "\[".$possible[$pdp]."\]/i" 

 
Using styling (CSS) 
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"/".$displayList[$plp]."\[".$possible[$pdp ]."\]\.style\.display\s*=\s*(\'|\") block(\'|\")/i" 

 
"/".$displayList[$plp]."\[".$possible[$pdp ]."\](\s)*(\))?\.style\.display\s*= 

\s*(\'|\")none(\'|\")/i" 

 
Using these steps, the `next' button can be found. A similar process can be used to search for 
the `back' button, except this time, instead of looking for an increment, a decrement is 
searched. From both of these processes, the identified likely contender for the list of content, 
display pointer, and content display window can be compared to justify for its correctness. 
Once, all four `tell' signs are found, and the Carousel widget can be assumed to exist. A similar 
approach can be applied to discover the Auto Suggest List widget from a Web page. 
However, a different set of `tell' signs will be applied to search for the Auto Suggest List widget. 
This is discussed in more detail in [3]. 

After a widget has been determined, further analysis can be conducted to understand its 
operations. This process will layout the features provided by the widget, and enable us to 
identify the section of the code where content is produced. Then widgets that do not 
produce accessible content can be isolated for modification; without the need for developer 
intervention. 
 

5.    RESEARCH STATUS 
 
Currently the investigation conducted occurs in the identification stage, and two types of 
widgets `tell' signs have been designed; they are the Auto Suggest List and Carousel widgets. 
An initial study was also done to provide an insight to the techniques used to identify the 
widgets, and demonstrate the feasibility of our identification methodologies for the proposed 
concepts. The study consisted of an evaluation conducted on the top twenty websites 
selected from the list of Alexa's top 500 sites on the Web3. This evaluation allows us to compare 
our automated detection with a manual inspection of the sites. 

The evaluation successfully detected all true positives and a few false positives were also 
detected; these false positives are widgets that exist within the Web page but are not used by 
it [3]. Depending on the application of WIMWAT, it can be argued that the existence of a 
widget in the Web page's source code, but not used by it should be considered as a false 
positive detection. This is because when applying WIMWAT during development, all widgets 
within the Web page should be picked up for checking. In contrary, this is not always true 
when applying WIMWAT to enhance screen reader's capabilities. For this application, only 
widgets that are used by the Web page should be detected, thus, false detection issues will 
surface, and must be dealt with. This issue suggests an avenue for refining our identification 
methods, and they will be discussed in our future work plan. 

6.    FUTURE WORK PLAN 

The identification process is the most crucial process. If a widget is not identified at this stage, it 
will not be processed at all. Once we are able to identify the types of widgets that exist on a 
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Web page, the next stage is to understand the operations of the widget, and isolate those 
that are not in an accessible form, or produces inaccessible content. After analysing the 
widget, the final stage attempts to modify them such that they can be transformed into an 
accessible form that produces accessible content. 

To re ne our current work, we propose to use standard static graphs to represent the 
annotation of the Object Model on a Web page. We intend to use separate graphs to model 
the HTML code, and the JavaScript code. Using this method, we will be able to group 
elements related to the widget's interface, with the sections in the JavaScript code that form 
the engine of the widget. Through this technique, we can segregate the JavaScript code that 
are not use by the Web page, and reducing issues with false detection. 

The modification process should cater to commonly used combinations of programming styles 
and practices. It should also provide the flexibility to assist developers with customisation of the 
widgets, and to insert WAI-ARIA information into the code. An evaluation of our concept over 
a larger set of Websites will test for its diversity and reliability. It will provide us with a thorough 
evaluation of our investigations, and pinpoint specific problems for future work. 

The problems tackled by WIMWAT are significant accessibility barriers, and we hope it is able 
to help developers minimise them. Our long term plan is to implement the project with the 
Accessibility Tools Framework (ACTF)4 to assist development. A plugin version to enhance 
screen readers capabilities is also envisaged. 

7.    CONCLUSION 

The Web is a heterogeneous set of technologies, recommendations, and guidelines which 
allows complex combinations of programming styles and practices. Thus, different 
programming styles and practices were analysed through extensive studies from different 
design libraries and Websites. 

This has helped us to form the definitions for the two widgets investigated. A wider exposure 
from the Web community, especially researchers working in the area of Web accessibility will 
provide valuable insights to our work. We envision that our work can assist Web developers 
with a tool that will provide a conducive environment for them to develop accessible RIAs, 
and improve the Web experience so that it will be accessible by more people. 
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3http://www.alexa.com/topsites 
4ACTF is a single tooling environment, on top of the Eclipse framework, to integrate 
commendable accessi-bility tools and the extensible framework of ACTF. - 
http://www.eclipse.org/proposals/actf/ 
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