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Abstract

Accessibility in web systems is essential to ensure everyone can obtain information equally.
Based on the Web Content Accessibility Guidelines (WCAGs), the Electronic Government
Accessibility Model (eMAG) was established in Brazil to guide the accessibility of federal
government web systems. Based on these guidelines, this research sought to understand
the reasons behind the persistent gaps in web accessibility in Brazil, even after 20 years of
eMAG. To this end, the accessibility of the Integrated Academic Activities Management Sys-
tem (SIGAA), used by 39 higher education institutions in Brazil, was evaluated. The living
lab methodology was used to carry out accessibility and usability tests based on students’
experiences with visual impairments during interaction with the system. Furthermore, IT
professionals” knowledge of eMAG/WCAG guidelines, the use of accessibility tools, and
their beliefs about accessible systems were investigated through an online questionnaire.
Additionally, the syllabuses of training courses for IT professionals at 20 universities were
analyzed through document analysis. The research confirmed non-compliance with the
guidelines in the software researched, gaps in the knowledge of IT professionals regarding
software accessibility practices, and inadequacy of accessibility content within training
courses. It is concluded, therefore, that universities should incorporate mandatory courses
related to software accessibility into the training programs for IT professionals and that
organizations should provide continuous training for IT professionals in software accessi-
bility practices. Furthermore, the current accessibility legislation should be updated, and
its compliance should be required within all organizations, whether public or private.

Keywords: accessibility; usability of software; user experience; living lab; visually
impaired people

1. Introduction

The appreciation of individuals is a fundamental aspect of fostering a more egalitarian
society. Consequently, prioritizing developing projects that enhance usability and ensure
accessibility to products and services should be a key focus for both public and private
organizations [1]. According to ISO 25010, the usability is the extent to which a product or
system can offer users effectiveness, efficiency, and satisfaction in performing tasks. It com-
prises the following characteristics: appropriateness recognition, learnability, operability,
protection against user errors, user interface (UI) aesthetics, and accessibility. Accessibility
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is the degree to which a product or system can be used by people with the broadest range
of characteristics and capabilities to achieve a specified goal in a specified context [2]. The
concepts of usability and accessibility overlap when focusing on improving satisfaction
and efficiency in using system interfaces and web applications. Several studies highlight
the importance and advantages of making digital services accessible so that they are usable
by all people [3-5].

Data from the World Health Organization (WHO) (https:/ /news.un.org/pt/story/20
22/05/1789172, accessed on 1 June 2025) indicate that over one billion people worldwide
live with some form of disability. In Brazil, this number is estimated to be 18.6 million
people [6]. In the context of Brazilian Higher Education, which is the focus of this re-
search, the Higher Education Census reports that there are 8.45 million students, of whom
43,633 have disabilities [7]. Therefore, it is essential to implement solutions that ensure the
retention of these students in higher education and improve access for a larger number of
individuals with disabilities. Such solutions include web applications that are accessible
to all and provide a good experience for the end user [8]. User experience is a person’s
perception and response to using a product, system, or service [9]. Crilly (2011) [10] points
out incorporating feedback in the product development process as the central aspect
of the user experience.

To ensure the rights of users with disabilities when accessing web systems, the World
Wide Web Consortium (W3C) collaborates with individuals and organizations to develop
standards and guidelines for accessibility. These guidelines have been documented in the
Web Content Accessibility Guidelines (WCAGs) (https://www.w3.org, accessed on 30 June
2025), available since May 1999, and are considered the primary reference for making web
content accessible to people with disabilities [11].

In Brazil, legislation determines that government websites and portals use the Ac-
cessibility in Electronic Government (eMAG) (https://emag.governoeletronico.gov.br/,
accessed on 25 June 2025), which contains recommendations for implementing digital
accessibility. From version 3.0 onwards, eMAG was based on WCAG 2.0 and was adapted
to local needs. However, recent studies suggest that WCAG 2.0 only covers 53% of the
accessibility experienced [11-14]. Therefore, it is clear that these guidelines do not cover
the entire spectrum of accessibility problems encountered by users.

Several studies discuss the issue of web accessibility in Brazil; however, no works have
been found that comprehensively investigate the reasons behind the neglect of current web
accessibility legislation. Therefore, this study aims to analyze not only the accessibility
perceived by users but also the reasons and beliefs that lead developers to disregard web
accessibility legislation.

Thus, in order to contribute to the understanding of such neglects, this study was
developed in three phases: (a) using a living laboratory approach to analyze the interaction
of users with visual impairments (total and partial) with SIGAA, (b) carrying out an
online questionnaire to verify knowledge of usability and accessibility tools and use of
WCAG/eMAG guidelines by IT professionals, and (c) analysis of the curriculum and
syllabuses of mandatory subjects of university courses, which train IT professionals from
20 institutions, distributed in different Brazilian states.

The first phase used feedback during the living lab phase to verify both the technical
aspects of the system and the student’s emotional needs, as it is essential to asses their
feeling of belonging to the university. In the view of [15], a living lab is a social environment
that allows for analyzing new technologies inserted into the daily lives of people with
different goals. In this work, the user experience lab methodology was adopted — a method
used for usability testing and user experience research [16,17].
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In the second phase, the degree of adoption of the WCAGs/eMAG and the use of
code accessibility tools by IT professionals was verified. Also, we sought to understand the
difficulties and beliefs related to using these guidelines during software development.

In the third phase, it was verified, by consulting the institutional websites of Brazilian
public universities that train IT professionals, whether there were terms related to software
accessibility or HCI in the mandatory subjects of the courses.

The results of the three integrated phases highlight a worrying scenario of systematic
negligence: technologically exclusive systems, unprepared professionals, and outdated
curricula. Therefore, this work aims to encourage discussion of the current scenario about
the usability and accessibility of software for people with visual impairments, as discussed
in [18], but in the context of university environments. It is also intended to contribute to
the discussion of possible failures in the training of IT professionals, both in universities
and, on an ongoing basis, in organizations.

Furthermore, the aim is to highlight potential updates to the current Brazilian legisla-
tion regarding the essential criteria for promoting software accessibility, including the user
experience of individuals with disabilities throughout the software development cycle, both
in governmental and private organizations, as well as the adoption of Universal Design
(UD). For [19], (p. 10), “the idea of Universal Design is precisely to avoid the need for
special environments and products for people with disabilities, ensuring that everyone can
safely and autonomously use the different built spaces and objects”.

This paper addresses the following sections in addition to the Introduction: Section 2
discusses relevant works related to this research; Section 3 describes the methodological
aspects used; and finally, Section 4 presents our conclusions and possibilities for expanding
this study.

2. Related Works

This section presents work related to this research regarding the accessibility of web-
sites for people with disabilities.

Aizpurua, A., Harper, S., and Vigo, M. [20] evaluated four restaurant websites, which
were considered AA (https:/ /www.w3.org/WAI/WCAG2AAA-Conformance, accessed on
04 June 2025) “There are three levels of conformance: Level A is the minimum level. Level
AA includes all Level A and AA requirements. Many organizations strive to meet Level
AA. Level AAA includes all Level A, AA, and AAA requirements”.) about WCAGs. Eleven
people with visual impairments participated in this evaluation, and several instruments
were used to capture the user’s experience while using these sites. The authors concluded
that understanding the user’s experience in using websites and web systems is essential to
designing websites with accessibility. The findings also indicate that the positive perception
of accessibility is related to quality, appeal, and beauty estimates.

Campos, Sanchez, and Souza [21] conducted a survey in Brazil with 90 participants, of
which 30 were visually impaired users and 60 were web developers. The results show that
the difficulties faced by users with visual impairments are related to developers’ lack of im-
plementation of W3C recommendations. Regarding developers, more than 45% answered
that they know little or do not know the W3C guidelines, and among those who know,
only 8% use them regularly. In addition, some myths related to accessible websites were
detected, such as: (a) a small portion of the population uses them, (b) it requires additional
work from the development team, and, in the end, (c) the result looks unattractive.

Campoverde-Molina. et al. [22] performed a systematic review of the literature. The
analysis included a summary of evaluations from 9.140 universities in 67 countries. Of these,
38.416 web pages, 91.421 YouTube videos, and 28,395 PDF documents were evaluated. Most
sites were assessed using ISO/IEC 40500:2012 standards [23]. The authors confirmed that
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the accessibility guidelines most violated in the evaluations were adaptable, compatible,
distinguishable, input assistance, keyboard accessible, navigable, predictable, readable,
and text alternatives.

In conclusion, the analysis of university websites, videos, and PDF documents presents
important accessibility problems.

In the work by Cao, Shiya, and Eleanor Loiacono [24], the authors assessed the level
of knowledge in accessibility in websites and applications (WEB&APP) of 76 undergrad-
uate and graduate students of technology courses with an emphasis on programming.
The role of disciplines with the theme accessibility for the perception and use of guide-
lines was also verified by these students during the development of WEB&APP. For this,
data were collected in three rounds of online questionnaires and interviews. The au-
thors indicated the need to include accessibility guidelines in university curricula and
professional requirements.

Silva and Rodrigues [25] carried out a survey with 25 programmers to evaluate
the following hypotheses for not adopting accessibility guidelines: (a) lack of time in the
development schedule, (b) increase in project cost, and (c) lack of knowledge and disinterest
on the part of programmers. The results indicate that the customers’ disinterest and the
programmers’ lack of knowledge are the biggest obstacles for the projects to be accessible.

In the work by Farrelly, Glen [26], the experience of 23 professionals responsible for
implementing accessibility in websites was researched to verify the difficulties encountered
in this task. In this work, it was pointed out that there is still low adherence to the guidelines
by developers who often consider them to be hermetic from the language, with little clarity
and complicated organization. Such impediments can lead to a substantial increase in time
and costs in its implementation. It was also found that many developers have the technical
knowledge to implement accessibility but do not do so due to socio-psychological barriers
beyond technical and implementation challenges, current social and individual values,
inadequate guidelines and support, and monetary demands.

In the work by Lazar, Jonathan, et al. [27], the authors present a study with
100 blind users to catalog and verify this public’s possible feelings concerning the use
of the systems. The results recorded that, of the time spent on computers, 30.4% refer to
frustrating experiences such as (a) page layout causing confusing feedback from the screen
reader, (b) poorly designed/labeled plugins, and (c) conflict between the screen reader and
the application. The authors report that most of the frustrating situations would be, from a
technical point of view, easy to solve with the inclusion of developer training and stronger
government policies, in addition to incorporating web development tools that aim, from
the beginning, at accessibility in the design process.

Lewthwaite [28] reviewed accessibility discourse commonly held as universal web
accessibility standards. The author believes that dominant standards of accessibility do
not respect disability as a complex and culturally contingent interaction, recognizing that
disability is a variable, contrary, and political power relationship, not a biological limit.
Thus, it concludes that, to create more robust and accessible outcomes for people with
disabilities, standards, research, and practices must diversify to encompass more interactive
accounts of disability in different contexts.

Lopes et al. [29] carried out an automated assessment of the level of accessibility in a
collection of almost 30 million web pages made available by the Portuguese Web Archive.
The work shows great variability regarding the level of accessibility of web pages, and few
pages reach high levels of accessibility. Additionally, it was found that simpler and smaller
pages tend to have better accessibility quality due to the small margin of error for web
designers and developers.



Informatics 2025, 12, 63

50f17

Vigo, Markel, and Harper, Simon [30] surveyed 24 users divided into two groups: blind
users and users with low vision. To do so, they used a method divided into three phases:
(a) identification of tactics used by users to overcome problematic situations while using
the systems, (b) implementation of algorithms that detect such situations, and (c) use of
algorithms during use of systems by users. The authors state that the automatic compliance
test is of great help. Still, it fails in subjective matters and in identifying how these barriers
are perceived and effectively detected in the user experience.

In the work by Yesilada, Yeliz, et al. [13], the authors evaluated more than 300 people
interested in the accessibility theme. Participants answered 33 questions about the relation-
ship between accessibility, user experience (UX), and usability. In this research, respondents
believe that accessibility and usability are strongly correlated. It was also found that ac-
cessibility applies to everyone, not just people with disabilities. Respondents agree that
accessibility assessment is more than just inspecting source code; however, they are di-
vided on whether training in “Web Content Accessibility Guidelines” is required to assess
accessibility. These insights are important for usability and UX professionals, developers of
automated assessment tools, and professionals who perform website assessments.

Youngblood [31] reports that cost, rather than specific technical constraints, must
be the main culprit for the poor accessibility of many sites. The authors state that web
accessibility is often perceived as an additional feature that costs extra money to develop.

All the studies mentioned above indicate that the level of accessibility of web pages
does not meet the needs of visually impaired users. Therefore, it can be inferred that
this problem is related to (a) lack of knowledge or non-use of accessibility guidelines
by web system developers (it is worth mentioning that, according to [12,13] the use of
WCAGs 2.0 only covers 53% of the accessibility experienced), (b) incipient use of user
experience during the systems development and testing phase, and (c) lack of commitment
from organizations in relation to accessibility issues.

Furthermore, the work of [24] finds that accessibility is not a priority in training
courses for IT professionals. Accessibility issues are also related to organizations’ lack of
interest and limiting beliefs such as increased cost and development time, and aspects
related to the website’s aesthetics, among others [25,26,31]. Studies [27,28,30] also highlight
the importance of user experience during the planning, development, and testing of web
systems. In [30], they state that automatic conformity tests are relevant but do not cover
subjective issues related to the perception of users with disabilities.

The preceding works in the field have yielded important outcomes in examining
software accessibility on a global scale. However, these works have individually addressed
specific facets of the problem. As a result, their proposals fall short of providing a compre-
hensive understanding of why software employed by the Brazilian federal government
remains inadequately accessible to individuals with visual impairments. It is posited that
the reasons for this predicament are intertwined with systemic issues that extend beyond
the confines of the software development process. This encompasses a confluence of factors
ranging from the academic training of software professionals to organizational culture
and the implementation of measures to enforce existing legislation—factors that have
not been systematically addressed. Therefore, the outcomes of this research contribute
novel insights, offering additional support for enhancing the user experience, particularly
for those with visual impairments, more satisfactorily. In this way, we consider that this
research is of the utmost importance as it values and respects the needs of individuals with
visual impairments, ensuring their inclusion in the digital world.
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3. Methodology

This applied research follows a qualitative—quantitative approach with exploratory
objectives and is presented in three phases: (a) using of a living laboratory to analyze the
interaction of users with visual impairment (total and partial) with SIGAA, (b) availability
of a questionnaire online to verify knowledge of usability and accessibility tools and use
of WCAGs/eMAG guidelines by IT professionals, and (c) analysis of university course
curricula from 20 Brazilian universities, which train IT professionals, distributed in different
units of the federation.

3.1. First Phase: Living Lab

The living lab was carried out in person at the University of Brasilia (UnB) with
prior approval from the institution. UnB is a federal public institution with approximately
48 thousand students (about twice the capacity of Madison Square Garden) regularly
enrolled in undergraduate courses. Of this total, seven students are completely blind and
38 have low vision, totaling 45 people. The living lab steps were executed as described below.

e Sample calculation, confidence level, and sampling error [32]: Equation (1) was used
to calculate the sample.

2p(1—p)
2
Eo=—-F& 1
5 (Zp—p) W
eZN
where:
- N — Population size;
- e— Margin of error (decimal value);
— z— Confidence level (Z value);
- p — Percentage value (decimal value);
- Eo — Tolerable sample size.

In this case, each unit of the population had the same probability of being selected in
the sampling base.

Table 1 presents the data calculated using Equation 1, where 45 users represent the
study population. The 90% confidence level is related to the participation of seven users in
the study.

Table 1. Calculated data. Source: prepared by the authors (2022).

Sample Data

Trust level 90%
Population 45 (100%)
Total Population Sample 7 (16%)

* Sending an invitation and Informed Consent Form (ICF) to students with visual im-
pairments to participate in the research: the Accessibility Department (DACES/UnB)
was responsible for this communication via institutional email, which emphasized
the educational, free, and voluntary nature of the research. The correspondence also
contained information about the application, procedures, data, place, and time at
which the research would be carried out. Students who were willing to carry out the
research responded to the email confirming their participation and signing the ICF.
Of the total of 45 students invited, seven agreed to participate, which determined
the sample size of 16% of the research universe. Although the sample size limits the
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generalization of the results, the confidence level is 90% (Equation (1)). Therefore,
it can be inferred that the reliability of the usability and accessibility analysis of the
academic system at UnB is valid.

¢  Usability and accessibility test of the system with students who agreed to participate
in the research and signed the IFC: to carry out the tests, the researcher informed the
participants of the objectives and tasks to be carried out by the students at SIGAA.
Students were asked to think aloud when carrying out the flows indicated by the
researcher, which should be carried out without help from other people. Partici-
pants could choose to use the operating system’s accessibility mechanisms or their
preferred screen reader. Therefore, they only interacted with the researchers by de-
scribing the screen and making their comments. Participants were invited to access the
SIGAA public portal (Figure 1), which is located on the main page of the Integrated
Management System (SIG).

UNIVERSIDADE DE BRASILIA

)
SIPAC (1 SIGAdmin

(Administrativo) =(Administracao)

SIGRH P

SIGEleicado
‘ (R. Humanos)

(Eleitoral)

©

>
S
D

B
&

Portal Piblico SIGRH

Por razdes de seguranga, por
favor deslogue e feche o seu
navegador quando terminar
de acessar os sistemas que
precisam de autenticagao!

Portal SIG-UnB: Manuais, Tutoriais e Informacdes

Figure 1. SIG main page. Source: institutional website of SIGAA.

To do so, they were instructed to click on the link “Accessible for the visually impaired”
link (Figure 2) and, thus, authenticate in the SIGAA module (Figure 3).

UNIVERSIDADE DE BRASILIA

)
SIPAC (1 SIGAdmin

(Administrativo) =(Administracao)

SIGRH =

SIGEleicao
‘ (R. Humanos)

(Eleitoral)

©

P
S
D

B
&

Portal Piblico SIGRH

Por razdes de seguranga, por
favor deslogue e feche o seu
navegador quando terminar
de acessar os sistemas que
precisam de autenticacdo!

Portal SIG-UnB: Manuais, Tutoriais e Informacdes

Figure 2. SIGAA public portal. Source: institutional website of SIGAA.
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8 (Académico) 5 @ (R. Humanos) %. N (Administrativo) _ [1] _(Administrac&o) (Eleitoral) ﬁl (PGD)
@.ré ] = S &
élr% Portal Publico SIGAA E;\ Portal Publico SIGRH ‘;b}& Area Publica POLARE

Por razbes de seguranga, por favor
deslogue e feche o seu navegador
quando terminar de acessar os sistemas

Nome de usuario que precisam de autenticacdo!

Digite seu login

Senha:

Digite sua senha

Figure 3. Authentication page. Source: institutional website of SIGAA.

Participants were also asked to perform routine tasks in the academic environment,
such as (a) self-registration, (b) issuing electronic documents, (c) course registration, and
(d) access to the curriculum.

*  Verification of W3C accessibility principles: during the execution of the requested
tasks, the researchers checked the accessibility of the system’s graphs, tables, forms,
and images through user reports. The researchers also collected data regarding the
module’s accessibility and usability based on the success or failure in performing each
task. According to W3C [8], a web system can be considered accessible when it is:

—  Perceivable: to have an interface that presents components and information
clearly to the user.

—  Operable: to display content operable by both keyboard and mouse; be
easy to navigate.

-  Understandable: have readable content that is easy to understand by the user to
facilitate use and avoid errors.

- Robust: present reliable content, with or without the aid of assistive technology.

The results in Table 2 present the tasks analyzed by the observers in relation
to the principles (perceptible, operable, understandable, and robust) based on the
participants” feedback.

¢ Verification of the user’s predictable emotional design at the end of each task: partici-
pants were asked about their emotional state at the end of each task. To this end, an
adaptation of the non-verbal Self-Assessment Manikin (SAM) method [33] was made
and used to catalog participants” emotions. Users could choose one of the following
emotional states: happy, sad, apathetic, frustrated, or angry. Through emotional de-
sign, one can better understand what makes something repulse or attract the attention
of a certain system for a specific audience [34]. Considering users’ needs and emotions
as they interact with the system contributes to the success or failure of solutions [35].

Table 3 presents the main issues encountered in the system by the users, as well as
the emotions related to them. The primary emotions mentioned in response to the lack of
accessibility were: frustration, sadness, and irritation.
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Table 2. Tasks versus W3C principles. Source: prepared by the authors (2022).

Noticeable Operable Underst. Robust
S N P S N P S N P S N P

Access to the Virtual Class Environment -

Access to the Public Portal

Access to the Academic Calendar

Inquiry of Notes

Interface-Activities

Interface-Curriculum Components

Interface-Institutional Data

Interface-Menus

Interface-Semester Classes

Interface-Reports

Collection of Tuition Fees

Notifications and Emails

Legend

S Completely
N No

P Partially

Table 3. Detected failures versus cataloged emotions. Source: prepared by the authors (2022).

Emotions
Irritation Sadness Frustration

Accessibility Flaws in the System

Main login screen without access to accessibility module

The screen reader does not read all alert messages

Some alert messages do not close via the keyboard

Some flows don’t work correctly via the keyboard

At the end or end of the session, there is no return to the accessible link

p

A system without a contrast interface

The difference in menus between system interfaces with and without accessibility

Some figures and buttons are without description

Some links without description

Images/graphics without description

Some tables and documents are not supported by NVDA

Cataloging the demographic profile of participants: the demographic profile of the
participants was cataloged, and criticisms and suggestions for improving and adapting
the system were collected.

3.2. Second Phase: Online Survey

This phase was carried out through an online survey of IT professionals who work

with systems with a web interface. The steps taken are described below.

Sample calculation: in this case, the universe or population is considered infinite,
as it is impossible to estimate its size accurately [36]. Therefore, the sample is non-
probabilistic and could not be calculated in advance, as well as the precision, standard
error, and confidence level.

Creation of a questionnaire to understand the profile of IT professionals who
work with systems with a web interface: the survey was constructed using the
Google Forms tool.

Making the Survey available on social networks: the survey was made available
through Facebook, WhatsApp, Instagram, and LinkedIn from 7 October 2021 to
15 October 2021. In this scenario, 73 questionnaires were answered by IT professionals.
Analysis of participant responses: in addition to using the Google Forms tool to create
graphs, the data obtained were crossed into an Excel spreadsheet for better analysis.
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3.3. Third Phase: Documentary Analysis of the Curriculum Plan of 20 Brazilian Universities

A survey was carried out to obtain an overview of training courses for IT professionals

in Brazil using the steps described below.

Choice of twenty Brazilian public universities representing the five regions of the
country (North, South, Southeast, Center-West, and Northeast): the 20 public uni-
versities from the five regions of the country were randomly chosen to analyze the
syllabuses of training courses for IT professionals to understand the degree of impor-
tance of topics related to accessibility in the academic training of these professionals,
as seen in Table 4.

Table 4. Presence of disciplines related to IHC. Source: Prepared by the authors (2022).

University Con}puter Cop‘lput.er So'ftwalje
Science  Engineering Engineering
University of Brasilia (UnB) ** ** **
Federal University of Rio Grande do Norte (UFRN) e ** **
Federal University of Rio de Janeiro (UFR]) o ** *
University of Sao Paulo (USP) il * *
Federal University of Minas Gerais (UFMG) ** * *
Federal University of Pernambuco (UFPE) e ** *
Federal University of Parand (UFPR) > * *
Federal university of Bahia (UFBA) ** **x *
Federal University of Santa Catarina (UFSC) ** ** *
Campinas State University (UNICAMP) o ** *
Federal University of Sao Carlos (UFSCAR) * > *
Goias Federal University (UFG) o ** o
Public University of Vigosa (UFV) ** * *
Federal University of Ceara (UFC) o * R
Federal University of Para (UFPA) X ** *
Federal University of Santa Maria (UFSM) > ** *
Federal University of Pelotas (UFPEL) o * *
Federal University of Paraiba (UFPB) ok ot *
Juiz de Fora Federal University (UFJF) ** ** *

Federal Fluminense University (UFF)

Legend

*

Does not have the course at the institution

*%

There is no discipline linked to the IHC

%%

There is a discipline linked to the IHC

Choice of training courses for IT professionals: Computer Science, Computer Engi-
neering, and Software Engineering courses from the selected universities were chosen.
Search for the curricula of selected courses on each university’s public page: a manual
search was carried out in the syllabuses of the mandatory subjects of these courses
using the following keywords: (software/system/interface) AND (acessi*) and/or
(Human-Computer Interaction (HCI)) and/or (EMAG) and/or (WCAG). The results
are presented in Table 4.
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3.4. Online Survey with IT Professionals

The online survey was composed of four sections. The first section provided partici-
pants with the informed consent form (ICF), which included the content of the research and
the inquiry regarding voluntary participation. If the participant agreed, they were directed
to the second section.

The second section aimed to gather the demographic profile of the respondents. For
this purpose, six mandatory questions were posed: (1) Do you have a disability? (2) Age
group. (3) Educational level. (4) Main area of expertise. (5) Does the work you or your
team does involve solutions with web interfaces? (6) How long have you been working in
your current role?

The third section aimed to catalog the tools used by the participant or their team. This
section consisted of 12 mandatory questions: (1) Do you use W3C/WCAGs in your work?
(2) Do you believe that the applications developed by you or your team are accessible to
people with disabilities? (3) Do you believe that the systems used by the company you work
for are accessible to people with disabilities? (4) Do you or your team take accessibility (for
people with disabilities) into account when working on systems used or developed? (5) Do
you or your team implement accessibility techniques (for people with disabilities) during
the project execution, or after the product/system is developed? (6) Do you or your team
conduct accessibility analysis/testing with users with disabilities? (7) Do you or your team
use any screen reader to perform accessibility analysis of your applications? (8) During
development, what would motivate you or your team to use tools to ensure accessibility
(for people with disabilities) in the systems developed? (9) Do you use Semantic HTML?
(10) Which of these tools (for runtime accessibility analysis) do you use in your work to
check the accessibility of your application? (11) Which web accessibility validation tools do
you use in your work? (12) What could be done for you or your team to start using runtime
accessibility analysis tools during system coding? And finally, the fourth section consisted
of a thank you note for participating in the survey.

Data collected through the online survey show that more than 70% of the respondents
were over 31 years old and had at least one university degree. The main areas of activity
of the interviewees were the following: systems development (41.10%), product design
(8.22%), business analysis (8.22%), (Figure 4), and more than 50% said they had more than
five years of experience in their roles. Most of these professionals worked with solutions
that have web interfaces. When asked about the W3C/WCAGs at work, 30.2% said they
did not use them, 26% had never heard of them, 26% said they sometimes use them, and
17.8% stated that they always use them (Figure 5).

Regarding the motivations that would lead professionals or the team they work
with to use tools to ensure the accessibility of systems, 63% of people said they believe
that systems should be accessible, 47.9% believe that this motivation would come from
the company culture, 37% believe that the motivation would come from mandatory leg-
islation, and 17.8% thought it would avoid rework. Respondents could select one or
more statements (Figure 6).

In respect of the responses of the 43.9% who believed that the systems developed by
them and/or their team are partially accessible, 15.1% considered that the accessibility
of the systems reaches 70%, 13.7% believe in 50% accessibility in the systems, and 15.1%
considered that only 20% of systems are accessible.

It is worth mentioning that 26% of respondents think accessible software is only
dedicated to people with disabilities. Campos, Sanchez, and Souza (2013) [21] have already
pointed out the existence of the myth that accessible websites are only helpful for a small
portion of the population. Therefore, this paradigm continues to exist within organizations
and among developers.
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Figure 4. Belief about the accessibility of developed systems. Source: prepared by the authors (2022).

30.20%
26% 26%
I I ]
Not. Never heard of. Yes, sometimes. Yes, always.

Figure 5. Use of W3C/WCAGs. Source: prepared by the authors (2022).

Regarding the belief that the systems used by the companies where the respondents
worked are accessible, 47.9% believed that some systems were accessible, 26% stated that
they were not accessible, 24.7% did not have this information, and 1.4% believed that all
systems are accessible.

In respect of the use of accessibility techniques (during or after project execution),
17.8% stated that they use them during project execution. The same percentage (17.8%)
said that they carry out tests and verify the need for improvements in system accessibility
after the product is ready, and 28.8% stated that they do not use them. Furthermore,
30.1% said they did not think about it, and 5.5% preferred not to answer. The responses
obtained indicate that the use of accessibility techniques is not a relevant aspect of software
development. This behavior can generate rework, with additional costs and failures in
accessibility implementations (Figure 7).

As for knowledge about tools that analyze code accessibility at runtime, 72.6% re-
sponded that they do not know such tools, 24.7% said they know, and 2.7% preferred not
to respond. This lack of knowledge about tools that help code accessibility is a factor that
prevents the development of accessible systems. It is evident from these responses that
there is a need for continuous training of IT professionals with accessibility tools available
on the market.
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Figure 6. Motivation for the use of tools that guarantee the accessibility of the systems. Source:
prepared by the authors (2022).
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Figure 7. Accessibility techniques during or after project execution. textbfSource: prepared
by the authors (2022).

When asked about carrying out system analysis and/or testing by users with disabili-
ties, 60.3% of respondents stated that they did not carry out any analysis/testing by users
with disabilities, 19.2% said they do this sometimes, and 4.1% said they only do it when it
is a system dedicated to people with disabilities. Additionally, 4.1% stated that they always
carry out analysis/tests with people with disabilities, 2.7% preferred not to answer, and
9.6% answered that the question did not apply.

The data collected indicate that the experience of users with disabilities is not con-
sidered throughout the software development cycle. This conclusion is obtained because
more than 60% of respondents stated that they did not conduct any analysis/testing with
these users. Regarding the motivation that would lead the professional or the team they
work with to use tools to ensure the accessibility of systems, 63% of people said they
believe that systems should be accessible, 47% believe that this motivation would come
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from the company’s culture, 37% believe that the motivation would come from mandatory
legislation, and 17.8% think it would avoid rework (Figure 6).

The answers to the online survey indicate that accessibility is not a strategic basis
within organizations despite guidelines and legislation on this subject. This positioning is
reflected in the work of IT professionals who often do not use or are unaware of accessibility
tools. In addition, it was noticed that user participation during the software development
cycle is still incipient, which would contribute to the accessibility of systems.

In this context, organizations play a relevant role in providing professionals with
continuing education on accessibility and the importance of inclusion that it can provide.
However, we believe this inclusive vision must start in academic training in compliance
with legislation and accessibility policies.

The questionnaire results highlight a key area for improvement-the lack of awareness
or use of software accessibility tools among professionals. Even 25 years after the first
version of the WCAGs, developers are still not fully utilizing these guidelines. Furthermore,
the user experience is often overlooked during the software development cycle.

It was noticed that even though the Brazilian federal government has initiatives
in favor of access to information for blind people and specific legislation in favor of
accessibility for websites and systems used within the government, such initiatives and
legislation are not sufficient to ensure that software promotes the inclusion of available
information and services.

3.5. Documentary Analysis of the Menus

At this stage of the research, syllabi of undergraduate courses related to the training
of IT professionals were analyzed. Therefore, twenty public institutions in Brazil were
selected (Table 4). The following terms were used in searches of mandatory course syllabi:
(a) software/system accessibility and (b) HCL

Regarding the term software/system accessibility, no university investigated had
mandatory courses related to these terms. Regarding the term IHC, in the computer
science course in all universities surveyed, the term appears in 35% of the compulsory
subjects. In the Computer Engineering course offered in 80% of the universities surveyed,
the same suit appears in 14% of the surveyed subjects. In the Software Engineering course,
20% of the universities surveyed, the term IHC appears in all mandatory subjects. It is
worth mentioning that terms related to the W3C/WCAG guidelines were not found in
any menu. Therefore, it can be concluded that the majority of the syllabus does not have
subjects related to the terms investigated. The Table 4 presents the list of universities,
courses, and disciplines related to HCIL.

The absence of disciplines focused on systems accessibility can contribute to the
culture of little development of accessible software within organizations, such as SIGAA,
as analyzed in this research. The lack of knowledge on topics relating to accessibility
can result in a gap in the training of IT professionals, which could be seen in the results
obtained through online research. It is crucial to highlight the urgent and fundamental role
of the university as a promoter in the dissemination of knowledge about the inclusion and
accessibility of software.

This session addresses accessibility from three complementary dimensions: the experi-
ence of users with visual impairments, using academic software employed by 39 public
educational institutions in Brazil; the technical knowledge of IT professionals; and the
academic training of future software developers. The contributions are relevant but point
to critical challenges and opportunities for advancement.

The application of the Living Lab at UnB revealed significant usability and acces-
sibility flaws in SIGAA. Although the methodology was consistent, the sample size
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(seven participants) limits the generalizability of the results. Nevertheless, this study high-
lights the system’s failure to comply with WCAGs and reinforces the need for adaptations
that promote greater inclusion of users with visual impairments.

The research with IT professionals revealed a critical knowledge gap on accessibility,
with 72.67% unaware of specific tools and more than 60% not conducting tests with users
with disabilities. These data emphasize the neglect of organizations in integrating accessi-
bility as a key strategy in the software development cycle. Although the research addresses
cultural and legal aspects as potential motivators, the contradiction between the belief in
the importance of accessibility (63%) and its low practical application demonstrates the
absence of effective organizational policies and continuous training.

The lack of mandatory accessibility-focused courses in the curricula of Brazilian
universities reinforces the structural origin of the problem. Document analysis revealed
that topics such as WCAGs, eMAG, and system accessibility are virtually absent from
academic training, perpetuating a culture of misinformation in the market. This gap
exposes the negligence of educational institutions in preparing professionals who are
conscious of inclusion and accessibility.

4. Conclusions

This paper presents an innovative approach with an integrated methodology consist-
ing of three phases: a living lab with users with visual impairments, an online survey with
IT professionals, and an analysis of IT training curricula from 20 public universities. The
results from the three phases point to the low utilization of accessibility guidelines and tools
in software development. This scenario may stem from the inadequate training of IT profes-
sionals, both in academic environments and in continuous training within organizations.

Another aspect to highlight is the presence of beliefs that limit the adherence to
accessibility guidelines. Among the beliefs found, the following stand out: the responsibility
for software development based on legislation lies with the organization’s management
group, accessible software should be dedicated exclusively to people with disabilities, the
development of accessible software increases costs and development time, and accessible
software impacts aspects related to the aesthetics of the website.

It was also noted that user experience is seldom utilized during the software devel-
opment cycle. Furthermore, it was observed that there is little rigor in complying with
legislation. It is important to emphasize that all these gaps contribute to the evasion and
even low inclusion of students with visual impairments in the university environment.

It is worth mentioning that, even when all accessibility guidelines are followed, these
recommendations would not be sufficient to make systems fully accessible, as they only
cover 53% of the accessibility experienced [12,13]. Therefore, changes in current legislation
should include aspects related to the use of Universal Design (UD) and the user experience.
However, it is not enough to simply modify the legislation; it is necessary to develop
educational measures and actions to raise awareness within organizations, as well as strict
procedures for the effective enforcement of the laws. Thus, the legislation could encompass
other sectors of society beyond the public sphere.

This paper does not intend to exhaust the subject, but rather to contribute to research
related to these issues. It also aims to help develop a mindset of integration among different
sectors of society so that accessibility is effectively implemented during the software
development cycle. It is understood that the university, as a living lab, can play a key role
in creating a microcosm of accessibility that permeates not only physical issues but also
those related to computational systems. Therefore, accessibility should not be viewed as an
isolated concern, but as an integrated element that encompasses different sectors of society.
It should be considered a strategic pillar within organizations, not an autonomous issue.
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