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Abstract. Despite the number of studies available in the literature, about the 
use of accessibility during Web application development, there are some gaps 
related to lack of empirical results about it, and so, accessibility barriers are 
intrinsically present in the organizational culture. In order to contribute to the 
accessibility domain, we developed an approach used to provide support and 
facilitate the use of accessibility during Web applications development. In this 
paper, we presented the results identified through the use of such approach in 
a controlled experiment. In this sense, we could verify the benefits and 
drawbacks with the use of it, and so propose improvements for it. This 
experiment was carried out with the contribution of participants, which were 
divided in two groups. We understand that such scenario may not enable us to 
generalize our findings to a diversity of scenarios, however, this study could 
serve as an initial point towards validating our approach, and may serve to 
establish baseline values for future studies. 

1. Introduction 
The lack of accessibility has become a prevalent issue that challenges developers of web 
applications. Through the implementation of good accessibility practices it is possible to 
remove the barriers that prevent certain groups of people from accessing information.  In 
other words, accessibility is an attribute which ensures that an application is usable by 
everybody, even by people with disabilities. For this reason, accessibility has become an 
essential requirement for web applications [1].  

 Accessibility is very important to software applications and several studies have 
been dedicated to it. In spite of this, the current scenario presents a mismatch between 
the requirements imposed to apply accessibility during system development and what is 
really performed and presented to the market. Thus, there is a gap related to accessibility 
in web applications development due to the lack of follow the guidelines and 
recommendations which, once adopted, would provide access for many users [1][8]. 

 In this way, assistive technologies may help people to interact with a software 
application, but only if the application is developed in compliance with accessibility 
standards. It is relevant to mention that the maturity of the user should be considered, 
since it is crucial to the satisfactory use of the applications. Thus, assistive technologies 
mediate the interaction between the user and the application. However, even when using 
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such technologies, many users are restricted from accessing information and performing 
online services due to accessibility barriers. 

 For this reason, our study is focused on the use of good accessibility practices, 
since there is an increased awareness about the topic and a growing demand for 
applications that take into consideration the needs of all potential users. To ensure the 
development of accessible web applications, it is important to train developers. In view 
of this, this study proposes and presents an approach to guide developers during 
system’s development. In this way, they will learn what must be done in several cases to 
ensure accessibility to web content.  

 In order to test the proposed approach (specific to web development), a 
controlled experiment was undertaken in an academic environment, involving 
undergraduate students from the Computer Science Department of Federal University of 
Goiás. First of all, the students were trained and after they were divided in groups to 
perform a task. A questionnaire had been previously applied to identify the participants’ 
profiles so that they could be distributed in similar groups. The groups were asked to 
develop a web application for scheduling scientific evaluation committees. The 
experiment resulted in several considerations and useful findings that contributed to 
improve the approach. Such results were shared among the development teams. As a 
result of this study we identified an increasing awareness of the participants relating to 
accessibility issues. This is relevant since the academy and the industry can take profit 
of the insights presented in this study and incorporate the lessons learned to new web 
projects. 

 The remainder of this paper is organized as follows: Section 2 presents the 
related work.  Section 3 presents the concepts about accessibility and Design Rationale. 
Section 4 summarizes the approach developed and assessed in the experiment presented 
in this paper, and Section 5 describes the methodology used. Section 6 present 
experiment conduction and results, followed by the summary of findings and 
conclusions, presented in Section 7 and 8, respectively.  

2. Related Work 
The need of improving collaboration in design decisions, refining the requirements 
traceability and optimizing the use of new technologies is discussed in [7], which 
reports the development of a technique to boost documentation goals and to register the 
motivations for decisions. This research is used as base of our study, since it can 
contribute in order to present ways that can be followed to document decisions 
collection through experimental evaluation. 

 Gunderson et al. present accessibility assessment tools and detail what is 
necessary to achieve the expected results. Additionally, in [2] the authors define some 
assisting guidelines developed to ensure efficiency and portability during the websites 
development. However, they are not specific to tackle accessibility issues on web 
software development. 

 For the best of our knowledge, an experiment using an approach to support the 
use of accessibility during Web application development is not known. Thus, we looked 
for different domains and studies assessment approach in controlled experiment.  
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3. Web Accessibility and Design Rationale: Concepts and Guidelines 
Accessibility can be interpreted as the possibility of using a resource universally, 
without barriers or through alternative access means. In the web context, the resource to 
be accessed is constituted by the pages content. Thus, accessibility refers to the inclusive 
practice of making websites available for people of all abilities and disabilities. The idea 
of this concept is that the users, using every agent, can understand and interact with the 
offered content [16]. 

 Currently, there is a significant gap of knowledge from developers and experts in 
accessibility. Most programmers have no necessary knowledge or experience to ensure 
that their code attends the accessibility requirements [8]. Particularly, in web projects, it 
is a common practice to consider accessibility only at the advanced stages of 
development or when the applications are entirely coded. At this point, making 
applications accessible is a real challenge that involves redesign and reprogramming 
[13]. Moreover, developers almost always do not know details about accessibility 
practices or, if they do, not use such knowledge during the application development. 
Thus, most programmers have no essential knowledge or experience to ensure that their 
code meets accessibility requirements. 

 A solution for this problem is the use of lessons learned from other projects, 
since the same mistakes may be avoided and the accessibility practices already tried 
with success may be reused. This solution reduces costs related to the process of 
choosing the practices that should be applied during the application’s development. For 
this reason, in general, the use of patterns and templates is recommended. 

 However, according to [1] very few developers have been explicitly trained for 
accessible pages creation. Evaluating pages using assistive technology may reveal 
problems related to the complexity of defining systems and thus verify the real benefits 
of its use. 

 Aiming to explain how to produce accessible web contents, the World Wide 
Web Consortium (W3C), through its Web Accessibility Initiative (WAI), released a 
collection of accessibility guidelines in a document named Web Content Accessibility 
Guidelines (WCAG). These guidelines present recommendations to produce web 
content (texts, images, forms, sounds) accessible for people with disabilities including 
blindness and low vision, deafness and poor hearing, learning difficulties, dyslexia, 
cognitive limitations, movement limitations, speaking inability, photosensitivity and 
combinations of them. The WCAG 2.0 presents four principles that form the foundation 
of Web accessibility: perceivable, operable, understandable and robust. From these 
principles, 12 recommendations are presented in  W3C [16].  The 12 recommendations 
are divided into three levels of conformance: A (minimum), AA (medium level) and 
AAA (highest level).  

 As a complementary support, the Design Rationale (DR) framework can be 
defined as a reference for the reasoning that justifies a project as well as for discussions 
that justify the choice of structure on other alternatives [9][12][14]. In [12][11] is 
presented that DR not only includes a description of the potential artifact, but also 
defines reasons for decisions, experiences, alternatives and arguments that lead to the 
decisions that best fit to the system development. 
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  The DR framework may be used to capture and manage architectural knowledge, 
which is extremely important in software projects, since it includes information from the 
environment and reasons for the process of design and negotiation, defining the outcome 
as the final product [18]. However, storing DR can take a significant time and be 
expensive, since the most current DR system can fail to consider practical concerns, 
such as cost-effective use and smooth integration [11]. In order to solve these problems, 
it is possible to automate the capture process and associate it with the work object, i.e. 
the development itself. The use of DR encourages the learning of a project as a whole 
and may represent a solution to help designers to identify issues that might otherwise go 
unnoticed [9]. It also contributes to the identification of inappropriate premises besides 
reducing the designers’ tendency of ignoring possible alternatives for important 
decisions. 

 Knowledge is recognized as a decisive factor to develop accessible software 
applications. For this reason, it became the focus of institutions that need to use this 
kind of application, making decisions constantly. Likewise, the DR is recovered to 
capture and record decisions made on projects and their respective impacts, good or bad. 
This occurs because such decisions can lead to success or failure in a project. 
Documenting experiences is important to build a knowledge base for future projects 
through lessons learned, in order to avoid rework and repetition of the same mistakes, 
enabling better decisions [2][6]. 

 Other useful employment of this methodology, according to [6], is promoting 
collaboration and knowledge sharing among team members, facilitating maintenance 
and reuse, improving the quality of the artifacts and supporting new design decisions. 

 The DR concept was selected to assist the use and register of decisions and 
techniques concerning web accessibility, since we aim to build a useful basis for 
knowledge management and reuse by the work team. 

4. The Approach 
In this section we present an overview of the approach developed to support the use of 
the accessibility guidelines during Web applications development. The approach was 
proposed to solve the problems identified by the lack of consideration of issues related 
to Web accessibility. 

 The approach is based on the studied theoretical principles (related to the 
concepts involved) and results from practical studies (related to empirical studies) 
performed along the research. Thus, it was based on findings identified through studies 
on Accessibility and Web Engineering areas. The approach has been formulated since 
2010 [2][3][4], and it has been developed following a top-down methodology, 
incrementally, based on our previous findings and refined according to improvements 
were identified. 

 Using the approach it is possible to plan and implement the actions to correct the 
possible problems that can occur, mainly regarding to the accessibility barriers. Some 
actions were proposed to define the necessary efforts related to: 

 Educate the development team making the learning related to how apply the best 
accessibility practices possible; 
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 Provide training, aimed at disseminating information among the team in order to 
facilitate the accessibility practices adoption; 

 Manage decisions related to development with accessibility, reuse successful 
solutions through consulting and training from a base of historical facts; 

 Elicit accessibility requirements and document what is being developed in the 
project, according to the users profiles and business needs identified; 

 Choose suitable tools to develop the project and use its resources in a effectively 
way, in order to facilitate and optimize the accessibility, and 

 Reuse software components already developed and with accessibility verified. 

 The approach is oriented in three layers, which were defined to group similar 
activities related to actions that must be followed to apply appropriated accessibility 
practices. These layers are: 1 – AT. Accessibility Training, 2 – DM. Decisions 
Management, and 3 – DT. Development and Tools. 

 The first layer (AT. Accessibility Training) was defined due to the need in 
educate the stakeholders involved in the development of Web apps regarding to the 
accessibility issues. This layer was based on the work presented by [8], where the 
authors had verified that a considerable number of practitioners did not know about the 
accessibility guidelines, and, therefore, did not make use of them. 

 Regarding the training layer, as suggested by the approach, it is necessary to 
provide access to the reference materials, such as recommendations and accessibility 
guidelines. Due to extensive quantity of material available in the Internet and the lack of 
pattern relate to the quality of them, it is necessary a previous selection to define which 
materials are appropriate and could be useful as a support to the learning. This selection 
should not exclude the search for additional material by the developers; however, it is 
essential to verify the reliability and adherence of each material according to the 
practices and way adopted by the organization to develop software. Thus, the material 
already validated should be prioritized to be used in the project. 

 A relevant point is that examples, about Web development with accessibility, 
should be presented to the professionals that will develop the project. The examples 
should be clear and consistent, showing common accessibility problems and their 
consequences in the practice, regarding the advantages and disadvantages for the 
project. 

 The second layer (DM. Decisions Management) is justified due to the 
importance in taking consistent decisions related to the development process with 
accessibility best practices. It is observed that there are different methods and strategies 
to adopt such practices. However, wrong choices could jeopardize the project progress. 
Thus, it is expected that quality and control criteria should be considered into the 
application, in this layer, related to the necessary decisions about the evaluations 
discussed on accessibility issues by the developers. 

 One of the main challenges in this area is to make good decisions, with the 
appropriate foundations, on which results can be achieved with the execution of specific 
actions. The foundations may be obtained by consulting the historical and 
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methodological factors. Regarding to the historical verification, the reuse of solutions 
that have reached success in the past is appropriate, since they were achieved through 
lessons learned from other projects. In fact, it helps to predict consequences and to reuse 
a successful work already performed. 

 Finally, the third layer 3 (DT. Development and Tools) was defined because 
defining which actions will be implemented is a necessary task as well as to put them 
into practice during web apps development. Thus, it is necessary to take into account the 
support of assistive tools, which present important resources to make the development 
in an agile and reusable way possible. In addition, in the third layer, it is suggested the 
use of facilitators with concerns about accessibility in the development environment. 
This is important to the aware developers using the resources effectively in authoring 
and evaluation tools. These facilitators can be the usage of validators, alerts during the 
development time, search of design patterns and components use. 

 Another important issue in this approach is related to the reuse of components, 
in order to improve the accessibility. Implementations patterns, already developed by the 
company or partners, can be used as components, since the accessibility is guaranteed. 
This can be verified through test to each component. 

 The inclusion of information about good practices in the models and 
transformers enables the generation of code with the solutions applied in an efficient 
and a semi-automatic way.  

5. Methodology 
This section presents a controlled experiment performed with the aim of assessing the 
benefits and drawbacks of the reported approach. The experiment was carefully 
designed and validated by two main researchers: (i) a Ph.D. expert in empirical Software 
Engineering, who helped to define the processes to be followed when developing and 
running the experiment; and (ii) a Ph.D. student that has worked with web development 
and accessibility in the last five years, who is the main author of this paper and who 
proposed the approach. 

 In this study we developed an academic experiment since experiments in a real 
scenario demand several external interventions, take more time to be performed and 
require additional investments. Moreover, it is difficult, sometimes, to find companies 
that agree to undertake academic experiments in their development process.  

 The methodology used in this study consists in executing a sequence of stages, 
like the general planning, the analysis of developers experience and their division into 
groups aiming to have a technical balance on each team. To define the stages and to set 
other methodological details, we used the recommendations, concepts and techniques 
for experiments described in [10]. 

 In order to perform a systematic experiment, we followed the recommendations 
defined in Wohlin et al. [19], which describe the plan, or protocol, used to perform the 
experiment and also to analyze its results. The planning phase consists of seven steps 
(context selection, hypothesis formulation, variables selection, selection of subjects, 
experiment design, instrumentation, and validity evaluation). 
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 Figure 1 presents the scheme to perform the experiment, where are showed the 
steps followed, as the identification of the subjects´ expertise, the definition of the 
groups, as well as, other activities related to the experiment development and the 
assessment of the identified results. 

 
Figure 1. Scheme to perform the experiment  

 As presented in Figure 1, after the groups definition, the development of a 
system was required to the groups, with the same requirements imposed as mandatory to 
each one. This scenario was required since the goal was to contrast the findings 
presented by the two groups, to assess the effect caused by the usage of the proposed 
approach. Thus, it was possible to map the results, in order to verify the benefits and 
drawbacks with the approach support to apply accessibility. The next subsections 
present in details the methodology used and the steps followed. 

5.1. Instrumentation 

In order to guarantee that the experiment was well calibrated, two pilot projects were 
conducted with the same structure defined in the planning before performing the 
experiment with the subjects. The first pilot aimed to detect possible problems in the 
experiment and calibrate it before its execution. Some issues were verified, as those 
regarding how to apply the accessibility´s guidelines during the development of web 
applications. It depends on the developers’ perception and the context of the project to 
which the approach is applied. 

 The second pilot was performed by a single subject, who has experience in 
developing experiments in Software Engineering and has sufficient knowledge about 
accessibility, web development, and empirical studies. We detected some problems 
related to the artifacts developed as support to this experiment and implemented some 
modifications in order to solve them. In addition, we also identified problems with the 
forms (used to assess the expertise of the participants). Based on the results of this 
second pilot study, we added some definitions to evaluate the approach and removed or 
modified some considerations. 

5.2. Selection of subjects 

The subjects of this experiment were selected by convenience sampling, which means 
that the nearest and most convenient persons were selected as subjects to participate in 
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the study [19]. We performed a controlled experiment in the academic context, selecting 
graduate students as participants, which acted as developers. 

 Initially, all subjects attended a training session on accessibility, which included 
the study of the guidelines and the discussion and evaluation of tools. This training 
involved the presentation of the WCAG guidelines, used to develop more accessible 
applications, as well as oral discussion on related papers. 

5.3. Operation 

In order to guide the task, the requirements and the relational database proposed for the 
desired application were presented to the participants. The database is compound by 
seven tables, intended to be an organized repository for the data required by the 
application. Such application should allow the schedule of committees’ assessment 
sessions of undergraduate final projects. In summary, the entities (with their attributes) 
of this application are:  

 Committees: which have a chairman and other  members (usually two), a date, a 
room, a presenter and a work data to be presented; 

 Rooms: which have a name, a code and a location; 

 Persons: which have a name, an e-mail, a phone number, an institution and a 
password. 

 The following business rules were established: 

 It is not allowed the presence of two committees at the same time and place; 

 Any person is allowed to be at the same time the committee chairman and a 
member. 

 The tables, defined in the application database, present the relationship between 
them: “room”, which makes reference to the place where the presentation happens; 
“person”, which may be the presenter, a participant or the administrator (these roles are 
defined by the relationship of the “profile” and “person_profile” tables); 
“evaluation_committee”: which has the presentation start time, end time and the final 
score. Finally, there are two other relationship tables: “committee_person” and 
“function_committee”, associating evaluators and defining their specific roles 
(chairman or member). 

 All groups were instructed to perform the DR capture, record decisions and 
important information from the development and post them in a Wiki page, using the 
following format: i) topic; ii) creation date and author name; iii) motivation for the topic 
creation; iv) comments from each member of the team and, finally, v) the team final 
decision. The Wiki was used to report the results and make available the lessons learned 
for future projects. 

 In the sequence, to enable comparison, we separated the teams that would use 
the approach and the teams that would not use it. The teams, drawn by lot, to use the 
approach were the Groups 2, 3 and 5.  

 Regarding requirements, the desired application was expected to be accessible, 
interactive and usable, with rich elements such as dropdown menus and an interactive 
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calendar to help choosing the date. We set a deadline of two weeks for artifacts delivery. 
This period is considered short and it was set to simulate the conditions usually found in 
software development companies’ environment. 

 For the final evaluation, a set of criteria were defined to assess the artifacts 
produced by each team. These criteria follow a set of WCAG 2.0 recommendations, as 
presented in Table 1. The codes in brackets are related to the section on specific 
techniques to accomplish certain success criteria [17]. 

Table 1. Established Accessibility Criteria  
Established criteria Relationship with WCAG 2.0 

1 – Accessible tables 1.3.1 (H73, H39 and H51) 

2 – Images with alternative text 1.1.1 (H37 and H67) 

3 – Forms with appropriate labels 1.1.1, 1.3.1, 3.3.2 and 4.1.2 (H44) 

4 – Correct use of header tags (h1, h2, ...) 1.3.1 and 2.4.10 (G141 and H52) 

5 – Elements with good contrast 1.4.3 

6 – Proper use of title on pages 2.4.2 

7 – Absence of broken links 3.2.3 

 As may be seen in Table 1, we chose a subset of the WCAG 2.0 criteria for 
evaluation, aiming at facilitating the task and eliminating several items that were not 
applicable to our domain, as video and audio guidelines, for example. 

6. Experiment Conduction and Results  
The controlled experiment had 24 participants and they were asked to answer a 
questionnaire about their experience in accessibility, development and software 
engineering.  

 Based on the answers, we analyzed their expertise and divided them into six 
balanced groups of four members. We tried to keep the groups with the same level of 
technical expertise.  

 In order to measure the benefits of the approach developed, some groups used it 
and other groups did not. Two scenarios were defined in this experiment. In the first 
one, the use of the approach was considered, presenting to the subjects some artifacts 
that could be used to facilitate the development. In the second scenario the approach was 
not used as support to the experiment, and so the artifacts of the approach were not 
provided to the subjects. Thus, the design used in the experiment is one factor with two 
treatments, and these two treatments are compared against each other [19].  

 The experiment was conducted in an undergraduate laboratory during 64 hours, 
between January and February 2012, when accessibility concepts and their guidelines 
were presented to the participants. After this, the participants performed the code 
development. 

 All groups succeeded in developing the application, but they did it at different 
levels of completeness and met different accessibility requirements. Detailed 
explanations of each group’s resulting application are made in the following: 

 Group 1: We found serious errors in the artifacts developed by Group 1. These 
errors include incorrect spelling, images without alternative text to help and 
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forms with problems of accessibility. Figure 2  presents a sample of the design 
performed by this group. Through these findings it is possible to conclude that 
the use of guidelines to accessibility is relevant to optimize the development of 
accessible applications, reducing time and cost during the development. 

 Group 2: Since the Group 2 was selected to use the approach, we expected to 
found more satisfactory results than in Group 1. This was confirmed once a 
correct use of heading elements H1 and H2 was made.  In its development, as 
presented in Figure 3, there are other positive items that we can highlight, as: A 
drop-down menu accessible via keyboard;  Elements to control the text size and 
contrast (as seen at the top of the figure); Form labels correctly done; and Images 
with alternative text to help during the filling of the form. The findings identified 
in the artifact produced by Group 2 confirmed the supposition that using 
guidelines and good practices of accessibility contributes to accessible software 
applications development. 
 

 
Figure 2. Design with problems at 

login page of Group 1 

 
Figure 3. Group 2 accessible design 

 Group 3: It made use of H1 tags for titles in a correct way, and pointed the 
mandatory fields to be filled in the forms. A sample of this design is shown in 
Figure 4, where H1 is to titles, however there is a problem related to the contrast 
in the header. As we can observe, there is a problem in the header, with the color 
contrast. A contrast ratio 2:4:1 was found, failing to fulfill WCAG guidelines in 
accordance to levels AA and AAA (success criterion 1.4.3). Another issue to be 
highlighted is the existence of tables with accessibility problems, where there is 
no marking of headers or summary. 

 Group 4: Concerning Group 4’s artifacts, their tables were correctly made using 
the tags “summary” and “header”. However, the implementation had a very 
simple interface and this might not satisfy the user in what refers usability. This 
development is presented in the Figure 5, where is presented the use of 
accessibility guidelines for the table design (the source code is shown, but poor 
layout is verified).The forms are properly made using labels and there is a 
validation resource in their fields. These validation resources are efficient since 
they show the mistakes that the user can make, optimizing the filling of the form 
and contributing for the finalization of the task. 
 

217



  

 
Figure 4. Problem with contrast 

problem in the header 
 

Figure 5. Use of accessibility 
guidelines for the table design  

 Group 5: In this group’s artifacts we found a drop-down menu, accessible via 
keyboard, and tables properly constructed. The forms were correctly made with 
labels, mandatory fields marking and JavaScript client-side validation.  
Regarding the negative aspects, some language mistakes and poor layout must be 
mentioned. There are two possible explanations for these shortcomings: the 
participants might not have paid attention to the task of filling the fields or they 
lack some skills due to educational deficiencies since they came from different 
schools. However, despite this problem, this group presented the best evaluation 
according to the checked criteria. We believe that the approach used was the 
main reason for this result. 

 Group 6: In the artifacts produced by the Group 6 it is possible to verify the 
correct use of H1 title tag. However, the use of the listing data has a very small 
font size and the tables were not made accessible. The Group 6 suggested 
changes in the database, aiming to simplify it, as presented in the following four 
tables: “committee”, “person”, “room” and “occupied_room”. However, this 
intervention reduced the system flexibility and changed the initially established 
requirements. The motivation for this suggestion was reported in the DR, as 
follows: “We made changes in the database to facilitate our life; we merged 
some tables and created others. This action has been taken to speed up the 
system construction, since we were short of time”. This documentation is 
significantly important since it makes the performed changes and their respective 
reasons available for the rest of the development team. As a positive element, we 
found properly made labels. However, some images do not have alternative text. 

7. Summary of Findings 
In order to present the results of this study, we related the findings identified and the 
groups that reported them. Table 2 summarizes the assessment of the artifacts developed 
by each one of the groups, where A means “Use of accessible tables”; B – “Use of 
images with alternative text”; C – “Forms with appropriate labels”; D – “Correct use of 
header tags”; E – “Elements with good contrast”; F – “Proper use of title on pages”; G – 
“There are not broken links”. 

 It is possible to observe in Table 2 that no criterion was fulfilled by all the 
groups. To verify the quality of the insights from each group we performed a 
quantitative evaluation. This evaluation was based on the criteria defined in this paper. 
A value 1 was assigned for each fulfilled criterion and a value 0 was assigned when the 
development was not in accordance with the criterion. In order to obtain the score of 
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each group j (called as SGj) was calculated the metric to the associated values, which is 
expressed by the Equation 1. 
 

Table 2. Established Accessibility Criteria  
Criteria (i) 

  Groups (j) A B C D E F G 

1 -- -- -- -- ✓ -- ✓ 

2 ✓ ✓ ✓ ✓ ✓ ✓ -- 

3 -- ✓ ✓ ✓ -- ✓ -- 

4 ✓ -- ✓ ✓ ✓ -- -- 

5 ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

6 -- -- -- ✓ ✓ -- -- 

 

 

SGj =  Xij
7

i=1

 

 
Equation 1. Calculate 

the scores 
 

 According to Equation 1, Xij is the value to be calculated, where i represents the 
index to the criteria (related to the lines) and j represents the group (related to the 
columns). To achieve the group score, the index j is fixed and are counted the values 
associated to each criterion, starting from i=1 (A) to i=7 (G). The final scores are 
presented in the Figure 6, where demonstrates the groups using the approach presented 
higher scores than those not using the approach. However, Groups 3 and Group 4 
obtained the same score in spite of the first one having used the approach and the second 
having not used it. This is justified because using the approach constitutes an aid, not a 
guarantee.  

 In other words, not using the approach does not imply necessarily a bad 
development. For example, if a group is not using the approach, but the developers are 
constantly checking the accessibility elements, the resulting application may present 
good accessibility. Additionally, the Figure 7 displays the corresponding box-plot graph 
for the data distribution of the obtained results. 
 

 
Figure 6. Score by group  

 
Figure 7. Data distribution  

Group A B 

1 21 No 

2 11 Yes 

3 10 Yes 

4 18 No 

5 15 Yes 

6 13 No 

Table 3. DR  

 As observed in Figure 7, none of the groups obtained a zero score, indicating the 
importance of the initial training, regardless the approach used. Since this study was 
performed using DR as support, we presented: A) The number of arguments made in the 
DR for each group, and B) Whether the group uses the approach: 

 According to Table 3, there is no direct relationship between the quantity of 
captured records and the quality of the final product. However, the records are 
interesting for future projects, assisting in team communication and system 
maintenance. The fact of using or not the approach was not directly related to the 
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amount of DRs recorded, since the group 1, without using the approach, obtained a low 
final score in accessibility checking but had the highest number of registered DRs (21). 

 In sum, DRs involved discussions about: technology being used, file structure, 
development environment, issues for the development of artifacts in HTML, interface 
design (colors, shapes, etc.) and search for ready components (calendar, captcha, etc.) 

7.1. Limitations and Threats 

Some limitations and threats were identified during the development of this research, as 
follows:  

 Subjects Selection: as the selection was based on convenience sampling, we 
might have not selected the most representative set of subjects, to act as team 
members. This study took undergraduate students as participants, from the same 
university of the main author. They were considered to compose the project 
team. Therefore, not all subjects had previously been involved in industry 
projects, which could negatively have impacted on the study results. 

 Project Scenario and Environment: the academic environment was chosen to 
perform such a project. It indeed hinders the generalization of results, since no 
industry practice was considered. Software engineering practice strives for data 
validation through not only toy, but instead real-world projects that offer real 
data and problems. 

 Thus, it is necessary to apply the practices from this academic project into a real 
project, in order to validate, refine and generalize the results. 

8. Conclusions 
In this study we carried out an experience of developing an application for which usable 
and accessible designs were expected. Several groups of developers performed the same 
task and we compared groups’ behavior using and not using an approach developed 
since 2010 [2][3][4] with the support of previous knowledge, components and official 
guidelines. 

 There are many benefits for implementing accessibility in software applications, 
mainly in those available on the web, where the users can, sometimes, use the system 
without the help of experts.  

 This approach provided the developers the opportunity to learn and apply good 
accessibility practices. Such practices were collated in the development environment by 
recording design decisions related to the existing guidelines for the domain. As these 
practices may speed up development process, we organized them by topic and in order 
of importance to facilitate their reuse in other projects. 

 Only the groups using the approach suggested truly relevant contributions, as the 
calendar and the drop-down menu. This may be due to the short time available to 
perform the task, and to the fact that these groups took advantage of the available 
components repository. 

 A fact that is worth mentioning is that all groups faced difficulties in creating 
attractive layouts, probably because of their lack of knowledge on interface design. As 
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observed, all groups were able to perform the proposed activities in this experiment. 
However, according to the evaluation criteria adopted, the goals were better 
accomplished by those groups that used the approach and, consequently, such groups 
presented more satisfactory results. 

 As future work we hope publish a full paper about the statistic test related to this 
experiment, which was omitted here due to the size limitation. In addition, we plan to 
integrate developing and knowledge managing tools in order to provide an adequate 
environment to good accessibility practices, as component use, live validation and 
scaffolding. 
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