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ABSTRACT 
The Web 2.0, with its Rich Internet Applications (RIAs), exploits 
dynamic interactivity to provide a rich interactive environment for 
web users. On important common denominator is the support to 
user collaboration via the highly dynamic “desktop like” generat-
ed content. Such a context makes it difficult for the designer to 
tackle a diversity of users, in particular in terms of accessibility is-
sues. WAI-ARIA is a specification that focuses on accessibility is-
sues when developing RIAs. This paper describes an algorithm to 
automatically evaluate EcmaScript code commonly deployed in 
RIAs, and presents a case study applied to pop-up windows. 

Categories and Subject Descriptors 
H.5 [Information Interfaces and Presentation]: Miscellaneous 
H.5.4 [Hypertext/Hypermedia]: User Issues 

General Terms 
Design, Human Factors, Standardization, Languages, Legal As-
pects. 

Keywords 
Web 2.0, accessibility, technologies, Rich Internet Applications, 
RIA, Automatic Evaluation. 

1.INTRODUCTION 
The dynamics in creating and retrieving large scale information 
has brought new requirements towards technologies available on 
the web. This capability leads users into contributing with content 
generation. Applications such as MySpace (www.myspace.com), 
Wikipedia (www.wikipedia.org), Amazon (www.amazon.com) 
and Flickr (www.flickr.com)  are examples of tools that allow us-
er  remote asynchronous collaboration.  

The term “Web 2.0” implies using evolved patterns into applica-
tions development [1]. Its characteristics include: users as part of 
the authoring process, greater interactivity than before and a desk-
top like experience [2]. It is important to notice that these condi-
tions were made available by the technologies; however users ex-
perience and interactivity are its focus. 

The development of Web 2.0 requires specific kinds of applica-
tions called RIAs (Rich Internet Applications). RIAs are built us-
ing technologies such as HTML, XHTML, CSS, Microformats, 
EcmaScript, AJAX, DHTML and FLASH. These technologies are 
used in order to provide greater interactivity and dynamics in dis-
playing information – when compared with the earlier versions of 
Web applications. 

Tim Berners Lee stated “The power of the Web is in its univer-
sality. Access by everyone regardless of disability is an essential 
aspect” [20]. Accessibility emphasizes that content must be de-
veloped considering different user profiles and technologies in or-
der to present accessible information not only for specific groups 

of people. 

In order to evaluate the accessibility level of Web Applications, 
there are different approaches which include: accessibility guide-
lines, users’ evaluation and experts’ evaluation. These approaches 
are based on formal defined specifications, such as the WCAG 
1.0, a suite of guidelines to accessibility evaluation [8]. 

The Web 2.0, as an emergent phenomenon, does not have formal 
accessibility specification. Not only its nature of fast evolution, 
but also its characteristics of dynamic interaction, makes it diffi-
cult for the development of accessibility patterns. Difficulties 
raised by new technological improvements can restrict its use for 
the people who need it the most [2]. 

This paper introduces the technologies that are commonly used to 
build RIAs and its concerns with accessibility (Section 2). It also 
accessibility issues (Section 3). Section 4 describes limitations 
found when considering accessibility and RIAs. Section 5 pre-
sents WAI-ARIA, a specification for considering accessibility in 
Web 2.0 applications. Section 6 presents related works in litera-
ture. Section 7 describes an approach of automatic accessibility 
evaluation using a parser algorithm for EcmaScript source codes. 
Section 8 discuss and presents conclusions. And Section 9 pre-
sents possibilities of Future Works.  

2.TECHNOLOGIES 
Although HTML is the central document language of the web, 
given its static nature it is not sufficient to provide the interactivi-
ty demanded by RIA applications. Other technologies have been 
designed to accomplish these requirements [3]. 

RIA applications use high programmable script languages, ad-
vanced protocols and technologies to improve interaction of client 
browsers with database servers. They also need dynamic content 
manipulators, services to provide interfaces to data and rich inter-
faces (with interaction improvements).  

As Web applications use these technologies, new kinds of them 
were created. An important example it the approach of MASHUP 
applications, which use two or more Web Services to provide a 
new functionality or service. The Gmail Webmail manager, for 
instance, has chat, search and tagging functionalities making use 
of services provided by other applications. 

RSS (Really Simple Syndication) is an XML (Extensible Markup 
Language) format to indicate content provided by other applica-
tions [3]. RSS feeds are a simple way of websites noticing new 
contents, services or updates. Instead of periodically accessing 
pages, users receive from the site an update note on the RSS file. 

The applications described above were developed in the Web 2.0 
context, and make use of technologies such as CSS, EcmaScript, 
XML, DHTML, HTML-DOM and AJAX to provide interactivity 
and rich user experience.   

Rich Internet Applications (RIAs) are the concept behind the de-



velopment of interactive Web applications. These applications 
implement local processing functionalities, like responsiveness 
towards events, control over the layout, changes in the DOM 
structure of the HTML, among others. Servers interact with the 
local application providing data in text format, whenever an appli-
cation requests it.  

Figure 1 shows the three main parts that characterize RIAs. The 
characteristics of client-server processing of Web applications al-
lied to responsive components of Desktop applications, and the 
transparency of asynchronous communication between the parts 
of the applications (Communications technologies),  form the ba-
sis of RIA. The overall approach can be explained as the use of 
communication technologies such as Ajax or HTTPRequest, be-
tween client and server side, to provide users a web application 
with a interaction experience similar to the one provided by tradi-
tional Desktop systems. 

 

Figure 1. RIA diagram showing its three most important 
characteristics. Source: 

http://hendese.net/en/userfiles/images/ria-venn-diagram.jpg 

 

The development of RIA applications relies on technologies such 
as HTML, for the displaying of the information; CSS, to describe 
the layout of the pages; EcmaScript and DHTML, to control the 
elements and events of the page; AJAX, that allows asynchronous 
communications of the client side application with the server side; 
among others. The remaining of this section presents the main 
technologies involved in the RIAs building.   

2.1 HTML 
HyperText Markup Language (HTML) was created to provide 
semantic context to text documents published on the Web, making 
the shared information more flexible. HTML files are text files 
containing the document elements. An element is an information 
unit of one type denoted by its tag. An element can be a single tag, 
or text and other elements delineated by tags [7].  

HTML is unquestionably the main document language of the 
Web, but it is by no means the only language. The appearance of 
an HTML page can vary between browsers or be affected by the 
size of the window displaying the page. This behavior is not ac-
ceptable in commercial settings where maintaining an attractive 
presentation or adhering to corporate appearance standards has re-
al importance.  

The semantics of HTML's elements do not map well many com-
mon document types. As a result, HTML often comes to be used 
more as a high-level page description language than as the struc-
tured document language it was envisioned to be. HTML is de-

signed for non-interactive documents whose content does not 
change as the user interacts with them [3]. 

2.2 XML 
XML was developed by World Wide Web Consortium (W3C) in 
1996. XML documents are made of entities, storage units with da-
ta. Parsed data is made of characters, which form character data, 
or markup. Markup encodes a description of the document's stor-
age layout and logical structure.  

XML provides a mechanism to impose constraints on the storage 
layout and logical structure. It is a general-purpose specification 
for creating custom markup languages. It is classified as an exten-
sible language because it allows its users to define their own lan-
guages using XML as the specification syntax. The primary pur-
pose of XML is to facilitate the sharing of structured data across 
different information systems, particularly via web and it is used 
both to encode documents and to serialize data [5]. 

2.3 HTML DOM 
Document Object Model (DOM) is an interface to allow programs 
and scripts to dynamically access and update the content structure 
and style of documents. The document can be further processed 
and the results can be incorporated back into the presented page 
[14].  

The HTML DOM (Document Object Model) defines a standard 
way for accessing and manipulating HTML documents. The 
DOM presents an HTML document as a tree structure, with ele-
ments, attributes, and text as nodes. 

2.4 CSS 
Cascading Style Sheets (CSS) is a simple mechanism for adding 
style (e.g. fonts, colors, and spacing) to Web documents [4]. CSS 
is a declarative language that can be used to specify the appear-
ance of HTML elements with considerable precision. CSS was 
designed to give authors better control over the appearance of 
their HTML documents and to reduce the inconsistencies in how 
browsers render HTML pages.  

All modern graphical Web browsers support CSS, though the lev-
el of support is not yet consistent. Most modern Web authoring 
tools make extensive use of CSS.  

A CSS style sheet is composed of a series of rules. Each rule has 
two parts: a selector and a list of declarations. The selector speci-
fies which HTML elements the rule will apply to and the declara-
tions specify how those elements should look [3]. 

2.5 EcmaScript 
EcmaScript code allows defining functions that are activated by 
events such as key presses, mouse clicks, and timers (as well as 
other code). The functions initiated by these events can, for in-
stance, modify or refresh page content (with or without user's 
awareness), provide auto-complete options, create new windows 
including alert, confirmation and prompt pop-up windows, and 
change the keyboard focus while a form is being completed. 
EcmaScript can also be used to define pull-down menus, selection 
boxes and to automate user navigation on Web pages [3]. 

2.6 DHTML 
Dynamic HTML can be described as the combination of HTML, 



style sheets and scripts that allow documents to be animated [13]. 
DHTML supports the building of dynamic and interactive web 
sites. Some typical DHTML technologies are HTML, for static 
and markup language, CSS, for presentation configuration, and 
EcmaScript (described above) [3].  

Simple DHTML pages are still basic documents, and map easily 
to HTML semantics. They may contain client-side form interac-
tion and validation using in-built user interaction mechanisms like 
alerts, pop-ups, and server-trip page navigation. The DOM is not 
typically modified on the client-side, and there is no asynchronous 
content updating (AJAX). These pages are well supported by cur-
rent user agents and assistive technology [6].  

Moderate-complexity DHTML pages use common UI widgets 
like toolbars, menus, dialogs, and sliders. They may involve unu-
sual variations on these controls. These applications frequently 
modify the Document Object Model (DOM) at runtime, to add 
content, change layout, display error messages, etc. Areas of the 
page may be updated asynchronously, and full-page navigation is 
kept to a minimum [6]. 

2.7 AJAX 
Asynchronous JavaScript and XML (Ajax) is an approach that 
combines extensive use of typical DHTML technologies (HTML, 
CSS, EcmaScript) with XMLHttpRequest (XHR) to provide asyn-
chronous client-server communication via text-based messages. 
As a result, Ajax allows the contents of a page to be automatically 
updated by the server without an explicit request from the user.  

A typical use of Ajax is an email service that automatically sug-
gests destination addresses as the user types some initial charac-
ters (auto-complete function). Although such automatic comple-
tion is more than common in traditional local GUI desktop appli-
cations, its use on the Web requires quick and transparent client-
server communication so that the list of possible completions is 
dynamically updated as the user enters and deletes characters from 
the start of the address. 

3.WEB ACCESSIBILITY  
Accessibility intends to provide universal access regards of disa-
bilities or old technologies. Accessibility is a very important issue 
in all types of computational systems. However, its importance 
becomes even more evident in the context of the Web. Making 
people involved in the development of Web applications aware of 
accessibility issues is very important to promoting an effective in-
clusive agenda [19]. The development of accessible web applica-
tions must consider standard guidelines, for instance WCAG 1.0 
[8], WCAG 2.0 [9], MobileOk Basic Tests [10].  

Although guidelines do not guarantee full accessibility, they are 
the main way to consider accessibility issues in the application 
development – along with the expertise of the developers. 

These guidelines consider the use of correct elements and attrib-
utes markups (HTML). These markups, when well used, can be 
correctly interpreted by assistive technologies, providing content 
access to users with disabilities or different technologies. For ex-
ample, when blind users access web content with a screen reader, 
unless images have an alternative text, they won’t be able to ac-
cess them. The alt attribute of img element provides an alternative 
text to the image displayed, as in: 

<img src=”bird.png” alt=”bird flying”>  </img> 

Developers must consider accessibility issues from the beginning 
and during all the life cycle of the web application development. 
Moreover, in the context of the Web 2.0, users must be able to 
build accessible content once they are also content providers [11]. 

There are many ways of evaluating how accessible an application 
is. Guidelines are the base of the evaluation process once they 
guarantee that assistive technologies can read the source code of 
the application, even though semantic and coherence of content 
can’t be assured. 

The accessibility automatic evaluation tools parse the source code 
(in HTML) and compare it with standard guidelines providing a 
report with all results found (fails, correct characteristics and is-
sues that need manual review).  

4. LIMITATIONS 

There are a set of limitations found in evaluation and repair acces-
sibility tools. Four of them are more important in the context of 
this paper [11]: 

1. Limited crawling since the evaluation cannot be limited 
to static HTML links, given that there is a wide variety 
of document formats and the intrinsic dynamics of RIAs 
which generating page content as response to user ac-
tions; 

2. Lack of validation against grammars, like HTML, XML 
or CSS. It is critical for browsers running in mobile de-
vices, which have lower processing capabilities, are less 
fault-tolerant and require valid documents to parse 
them; 

3. Limited or non-existent localization support. It is an ad-
aptation to different policy frameworks worldwide. This 
issue is particularly relevant within RIAs where users 
become content providers; 

4. Inability to analyze or repair dynamically generated 
DOM (Document Object Model) elements. This issue is 
critical in RIAs as, for instance, JavaScript widgets 
modify the structure of the page in response to user ac-
tions. 

These limitations provide a set of functional requirements for the 
development of the WAI-ARIA evaluator. 

5.WAI-ARIA 
Dynamic content in RIA applications cannot be evaluated by 
WCAG guidelines, since the specification of WCAG only com-
prehends static HTML code. RIA applications deal with lots of 
EcmaScript and Dynamic HTML to provide rich interfaces. Fig-
ure 02 illustrates that web applications composed mainly by 
HTML (XML, JavaScript and CSS can be included), with static 
content allow evaluation with WCAG. 



 
Figure 2. Static web applications use WCAG in their accessi-

bility evaluation. 

WAI-ARIA is an Accessible Rich Internet Applications Suite to 
make Web content and Web applications more accessible. Its ap-
plication should help people with disabilities accessing dynamic 
content and interacting with advanced user interface controls de-
veloped with AJAX, HTML, EcmaScript and related technolo-
gies. 

Assistive technologies allow users to access content in a more 
suitable way – according to their needs. However, in order to ac-
complish it, semantic information about presentation and layout 
must be added to the web site structure. If we consider that most 
dynamic contents are inserted into HTML divs and span elements 
and there is no semantics information about their displayed infor-
mation.   

Semantics are knowledge of roles, states and properties applied to 
elements within the content [12]. Roles are a way for an author to 
make custom widgets (new interactive elements) accessible, usa-
ble and interoperable [15]. The role taxonomy of the widgets is 
presented in the document in Web Ontology Language. 

To implement WAI-ARIA specification in applications it is nec-
essary to add attributes such as roles on the elements that make 
use of dynamic content. For example: 

<div role="wairole:dialog" tabindex="-1" wairole="dialog"> 

Information that are displayed on the dialog. 

</div> 

Note that the div element has a role and a wairole attribute that 
specifies semantics to the widget. The Dojo AJAX framework is 
one of the foundations that implement the WAI-ARIA specifica-
tions in its widgets.  

The specification also denotes attributes that inform assistive 
technologies about regions in which updates may be received (live 
regions for dynamic updates) via AJAX requests. 

WAI-ARIA specification is currently a W3C working draft. 

6.RELATED WORK 
Velasco et al developed a Web Compliance Engineering frame-
work to support the development of accessible Rich Internet Ap-
plications. They defined Web Compliance Engineering as dealing 
with increasing complexity of web applications. And noticing the 
accessibility implementation difficulties found when users be-
come content providers, they presented a Web compliance frame-

work developed to support both users and developers to create ac-
cessible content for RIAs [11]. 

Gibson et al describe the utilization of semantic added infor-
mation on HTML tags to denote graphical user interfaces that are 
mapped into accessibility platforms that will handle the presenta-
tion of the elements in an accessible way. It also shows the utiliza-
tion of methods that can be used to give focus to any elements; 
these issues are particularly important considering the implemen-
tation of a fully keyboard accessible applications [14]. Gibson et 
al also describe some features of the WAI-ARIA specification 
such as the utilization of region attributes to denote the dynamic 
changes of the elements. Dojo is referenced as an example of im-
plementation of WAI-ARIA specification in an AJAX framework 
[13]. 

Dojo is an Open Source DHTML toolkit written in JavaScript that 
allows adding dynamics into web pages and environments that 
support EcmaScript. The components that Dojo provides make 
web sites more usable, responsive, and functional. Dojo allows 
prototyping interactive widgets quickly, and animate transitions. 
The lower-level APIs and compatibility layers from Dojo can be 
used to write portable JavaScript and simplify complex scripts. 
Dojo's event system, I/O APIs, and generic language enhancement 
form the basis of a programming environment. Dojo can be used 
to build tools to write command-line unit-tests for JavaScript 
codes. The Dojo build process helps optimize JavaScript code for 
deployment by grouping sets of files together and reuse those 
groups through "profiles" [14].  

Cooper says that accessibility represents a challenge to Web 2.0 
and semantic web technologies can address some of its require-
ments. He acknowledges that Web 2.0 brings interactivity and in-
formation sharing as Semantic Web brings context information, 
which is beneficial to accessibility and to the robustness of the 
combined platform [2]. 

Thiesen implemented an accessible chat application using live re-
gions to notify the browser of updates on the interface. The 
browser maps the live regions of the page and read then accord-
ingly to the events that update the page (Firefox with the Fire Vox 
extension enabled). The navigation of the page was also consid-
ered during the implementation. It was provided for users scroll 
buttons handler events to filter the messages displayed and to nav-
igate through them [18]. 

7.AN APPROACH FOR AUTOMATIC 
EVALUATION 
The methodology of this study consists in presenting an algorithm 
for an evaluation tool that provides RIAs developers information 
about the accessibility state of their applications (considering the 
WAI-ARIA patterns). The algorithm itself is used as a proof of 
concept to the evaluator and is used in a case test described in this 
session. 

As an entry the algorithm would receive a RIA code to be evalu-
ated. The evaluation tool would look into every DOM structure 
element of the application HTML looking for elements that im-
plement dynamic behavior (use of DHTML). These elements -that 
express dynamics- would be then classified as nodes that need 
WAI-ARIA attributes definitions. As a result the algorithm would 
warn the application developer about the elements that need WAI-
ARIA attribute definitions so that he considers implementing the 



specification. After discussing the usual processing, the algorithm 
and a case test for the evaluation tool. 

7.1 Evaluation process 
For the evaluation tool implementation, it is necessary to under-
stand some characteristics of DHTML technologies that represent 
the most important part of the implementation of dynamic and in-
teractive applications, the focus of WAI-ARIA specification.  

As previously described DHTML makes use of CSS, EcmaScript 
and HTML. WAI-ARIA specification makes use of dynamic ele-
ments attributes that map its functional behavior on the applica-
tion. Given the technologies that are part of Dynamic HTML the 
technologies that directly handle the dynamic manipulation of el-
ements are EcmaScript, DOM HTML and HTML events.  

Events are activated in each user interaction. These events execute 
EcmaScript functions that change the content of the application in 
order to provide responsiveness to the interfaces. The changes of 
content are made by EcmaScript controlling the elements of 
HTML through direct use of the DOM structure of documents. On 
the elements that are manipulated over DOM HTML there are no 
indications about if they will be modified by EcmaScripts or about 
the exactly widget being implemented by that element (no seman-
tics specified on DIV and SPAN elements that are usually used as 
classification elements for CSS or the widgets implementa-
tion[13]). Considering that, every implementation of automatic 
accessibility evaluation of RIAs using the WAI-ARIA must ana-
lyze the DOM Structure manipulation over EcmaScript in order to 
find the nodes that present dynamics in their behavior. 

Therefore it was developed a model to represent the necessary ar-
chitecture to implement the evaluation tool. Figure 03 shows that 
RIA Web applications combine functionalities of different lan-
guages in order to provide dynamic and richer interactivity. The 
WCAG model of HTML evaluation of the applications does not 
suffice RIA accessibility needs, since HTML elements may be 
created or updated during the execution of the page, therefore it is 
necessary an EcmaScript code evaluation, more specifically it is 
necessary a DOM HTML manipulation analyses to validate the 
WAI-ARIA conformance of the application. 

Notice that DOM HTML manipulations have an extensive list of 
possibilities of implementations (find by ID, find by Tag name, 
navigate through the DOM structure, nodes creation, nodes re-
moval) and these possibilities make it difficult to find exactly the 
elements that present the dynamic behavior in the HTML struc-
ture and that element might even not be in the structure yet (creat-
ed and not inserted yet), however the line of the JavaScript code 
that makes use of the DOM structure is relatively easy to find and 
is used as the output of the algorithm. 

HTML events does not need to be considered in all automatic 
evaluation algorithms since the evaluation of every EcmaScript 
use in the application guarantees that the functions that are exe-
cuted by the events would have already been covered. However 
the evaluation of HTML events that execute EcmaScript functions 
determines the efficiency of the algorithm once not every function 
implemented in EcmaScript is actually executed or specifies dy-
namics to the application. 

 

Figure 3. Diagram modeling WAI-ARIA evaluation method. 

It is also important to understand that there is no current specifica-
tion which describes how to implement a specific widget and the 
nature of widgets itself is extensible. This fact makes it difficult to 
map the DOM manipulations with its correct attributes of role and 
state. This justifies the fact that the algorithm described here does 
not infers which role or state attribute should be used in each ele-
ment, it only notifies the developer about where ARIA attributes 
should be placed. 

7.2 Algorithm 
The algorithm described here is a way of evaluating ARIA in ap-
plications. Basically the evaluator would scan the HTML code 
looking for every EcmaScript declaration of code or external li-
braries call. These declarations would be used to find the lines of 
JavaScript code that makes use of DOM manipulation of HTML. 
For each one of the DOM uses found the user would be alerted 
that there is a dynamic element that needs WAI-ARIA attributes 
definition.  

Given the characteristics of the evaluation tool, the algorithm does 
not evaluate whether the application dynamic elements already 
have WAI-ARIA attributes. The implementation of that function-
ality would require a semantic analyses of the variables that con-
tains DOM elements values, once JavaScript library allows many 
ways of accessing the same elements (by Id, by tag name, navi-
gating through the DOM structure) and with that possibilities 
there could be more than one variable keeping reference of the 
same element. 

HTML events are also not considered in the algorithm, since their 
implementation is not required for the evaluators. To implement 
the filter over HTML events it would only be necessary the anal-
yses of the events that have handler attached on them and evaluate 
only the JavaScript functions that are used by these handlers. The 
handlers, just as the functions that are used by them, may be de-
fined in any part of the HTML code or even in the JavaScript 
code, and can have its values attributed to JavaScript variables, 
given the characteristic of weak typing of the language. Therefore 
the events evaluation in the evaluation tool is not a simple task to 
be implemented. Even then it is possible to extract necessary 



standards steps to evaluate application codes in this context. A 
high level description of the algorithm is presented in Figure 4: 

1. Look into the HTML code of the application for every Ja-
vaScript library definition. 

2. For each one of these libraries look for DOM HTML ma-
nipulations on the code. 

3. For each one of these DOM manipulations (creation of 
elements, nodes removes, navigation between the 
nodes, seek by elements ID or TAGNAME) alert the de-
veloper of the line of the JavaScript code that presents 
the element been manipulated dynamically and alert the 
needs of a WAI-ARIA attribute definition for the element 
been manipulated. 

Figure 4. Algorithm for automatic evaluation. 

. 

Figure 5. Algorithm for automatic evaluation. 

Figure 5 illustrates that using the approach suggested the develop-
er sends his HTML source code from RIA and an engine search 
first for library definitions in JavaScript. When it is found then the 
engine search for DOM manipulation, if there is a role defined the 
developer does not need to worry, but if there is no WAI-role def-
inition this accessibility treatment must be inserted. 

7.3 Case Test 
A case test is presented using a pop-up window as a widget exam-
ple. The idea is to apply the algorithm on the application de-
scribed next and to point the functionalities of the algorithm. The 
application in Figure 5 implements a simple pop-up window that 
appears when the mouse button is clicked, and disappears if the 
button is clicked again. 

As stated before the evaluation tool would focus on the applica-
tion JavaScript code. Therefore the JavaScript code of the exam-
ple of the case test is presented in Figure 6. 

Considering that there is only one JavaScript library contained in 
the application, the algorithm would look for the commands that 
execute DOM HTML manipulation. The lines that contain docu-
ment.getElementById, document.createElement, docu-
ment.body.appendChild and document.body.removeChild would 
be the ones pointed by the evaluation tool as parts of the JavaS-
cript code that determines dynamics to the page. The result can be 
interpreted as: these lines make use of HTML elements that need 
WAI-ARIA attributes. 

 

window.onload = function(){ 

document.getElementById("pushButton").onclick = function(ev){ 

  dialog = document.getElementById("dialog"); 

  if(dialog == null){ 

    dialog = document.createElement("div"); 

    dialog.id = "dialog"; 

    dialog.style.display = "block;";   

    dialog.className = "dialog"; 

    dialog.style.position = "absolute"; 

    dialog.style.left =  ev["pageX"] + "px";  

    dialog.style.top = ev["pageY"] + "px";  

    dialog.innerHTML = "Popup displayed after button pushed..."; 

    document.body.appendChild(dialog);   

  }else{ 

    document.body.removeChild(dialog); 

  } 

  ev.stopPropagation(); 

};} 

Figure 6. JavaScript code for pop-up window (example 01). 

 

It is important to notice that there were multiple warnings towards 
the same dynamic element (dialog) when the actual modification 
on the DOM structure of the document only happened on the line 
where the node dialog is appended and removed. These multiple 
warnings are yet unavoidable considering the possibilities of im-
plementing the same functionality in JavaScript. The other places 
indicated by the evaluator could be the places of actual DOM 
modifications in different JavaScript implementation of the same 
pop-up functionality. 

In the case described, the dialog is created each time the button is 
clicked and removed when the dialog is appearing and the button 
is clicked. However it could be implemented as a DIV element 
with display equals to none and present in the HTML BODY, and 
the function that handles the event click would simply change the 
value of the attribute of display of the DIV into block and set the 
coordinates of the position to the mouse current position and to 
when the button was again clicked (clicked when the dialog was 
appearing) the function would just set the display of the dialog 
back to none as described in Figure 07. 

In this other case the dynamic element dialog would only receive 
warnings in the evaluator on the line where the node is got by its 
ID even though it is the same functionality of the previous case.  

There are no indications of which implementation (the first de-
scribed or the second) is being implemented in the JavaScript 
code. And more possibilities for the same functionality could be 
available for implementation. Therefore all possibilities must be 
considered by the evaluation tool.  

 

 

window.onload = function(){ 

document.getElementById("pushButton").onclick = function(ev){ 

  dialog = document.getElementById("dialog"); 

  if(dialog.style.display == “none”){ 

    dialog.style.display = "block";   

    dialog.style.position = "absolute"; 

    dialog.style.left =  ev["pageX"] + "px";  



    dialog.style.top = ev["pageY"] + "px";        

  }else{ 

    dialog.style.display = “none”; 

  } 

  ev.stopPropagation(); 

};} 

Figure 7. JavaScript code for pop-up window (example 02). 

8.RESULTS AND DISCUSSION 
There are few works in literature exploring automatic accessibility 
evaluation of Web 2.0 application. WAI-ARIA is the most im-
portant initiative concerning accessibility specification in this con-
text is still a working draft, which probably means that lots of 
work still has to be done concerning accessibility issues in RIAs. 

We propose a parser algorithm elaborated to evaluate codes and 
notify developers about the need of WAI-ARIA attributes in the 
nodes that implement widgets functionalities. In other words, the 
evaluation tool can be used to show the potential accessibility 
problems of RIAs.  

Even though WAI-ARIA specification focuses on the HTML el-
ements semantics, the evaluation tool, differently, focuses on the 
EcmaScript implementation of dynamic behavior. The character-
istics of the language and its extent possibilities generate complex 
issues to any proposal of evaluation tools. 

Many limitations still remain, considering the sort of possible 
combinations to be used in dynamic and Rich Internet Applica-
tions (like lack of patterns in the widgets implementation in Ja-
vaScript). This mean that new studies must be conducted to allow 
universal access for Internet users regardless of disabilities and 
technologies. 

9.FUTURE WORK 
More effort should be considered in the study of ways to imple-
ment widgets. If patterns could be observed in the implementation 
of each widget it would be possible to infer the WAI-ARIA at-
tributes that should be given to each dynamic element in the 
EcmaScript. 

Better analyses of the DOM manipulation functions in EcmaScript 
could allow more information to the developer about the attributes 
that should be used in the elements that were manipulated. 

The evaluation tool limitations described in the algorithm session 
could be considered in a next version implementation. It also can 
be considered the semantic compiler described to implement the 
verification of the WAI-ARIA attributes presence in the elements 
that express dynamics. 

The WAI-ARIA specifies ways of implementing accessibility in a 
DOM structured HTML that can be modified during the execution 
of the application. Therefore an element analysis during the appli-
cation execution can be considered to evaluate the WAI-ARIA at-
tributes presence in nodes that are modified. Considering that 
studies of evaluation tools implementation in the JavaScript inter-
preter of the browsers can be considered as an alternative to the 
development done so far. 

Further work need to be done in order to implement a metric of 
evaluation for the WAI-ARIA specification. There are in the liter-
ature metrics to evaluate and compare the accessibility level in 

different web applications, these metrics can be extended so that 
they could be used in the ARIA context. 
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