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Abstract

This article focuses on the implementation of the WCAG (Web Content Ac-
cessibility Guidelines) 2.1 guidelines into e-learning courses. The Quizer e-learn-
ing platform, which enables the creation of interactive multimedia courses, has
provided the basis for the introduction of the WCAG component. The platform
includes two basic tools: an exercise creator and an exercise presenter. Once the
Quizer Platform Exercise Wizard was analysed, a component was conceptualised
and implemented to create e-learning courses compliant with WCAG guidelines
and dedicated to people with disabilities. The technology for the implementation of
this component was also presented. The function and validity of navigation through
the courses using the keyboard and the use of screen readers were discussed as
well. The research on the correctness of the WCAG standard implementation into
e-learning courses was conducted with the use of designed cyber security quizzes.
The final results of quizzes prepared according to WCAG guidelines and without
WCAG were also compared. The research involved students majoring in computer
science at Lublin University of Technology. Its results indicate the validity of using
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the WCAG guidelines in the design of educational content for students with dis-
abilities and equalizing their educational opportunities.

Keywords: e-learning, exercise creator, multimedia courses, WCAG

Introduction

Digital accessibility is currently one of the most important features of the
content of websites, computer programs and mobile applications. This also applies
to e-learning applications and platforms. The content, platforms and tools used in
e-learning should be accessible to everyone, regardless of their skills, disabilities,
equipment or other limitations. Failure to meet the digital accessibility standards
in e-learning may cause difficulties in accessing education, in particular for people
with disabilities, such as vision, hearing and mobility impairments. According to
the data of the Statistical Office in Poland, in the academic year 2021/22, 19.9
thousand people with disabilities were educated at universities (1.7% of the total
number of students). At many universities in this period, remote or mixed teaching
was in force (some classes were held on-site and some remotely). The transition to
distance learning on such a huge scale has caused many difficulties. One of them
was often the lack of digital accessibility according to the applicable guidelines of
the WCAG 2.1 standard. The then ongoing SARS-CoV-2 virus pandemic showed
that the need to switch from higher education to remote learning should also take
into account the needs and capabilities of people with disabilities in access to
education. Therefore, an important topic in the area of e-learning is the develop-
ment of digital accessibility of the solutions offered and determining its impact
on the education of people with disabilities. It is worth emphasizing that digital
accessibility is not only often a legal requirement, but also a moral responsibility
enabling education for everyone, regardless of their individual limitations. There-
fore, e-learning content creators should regularly test the digital accessibility of
their materials, including interactive elements such as quizzes. It is important that
people with different needs have equal opportunities to participate and understand
this content.

The main aim of the article was to:

1. Create a component compatible with the interactive platform Quizer.pl that
enables the creation of interactive exercises adapted to the WCAG 2.1 guide-
lines for people with disabilities, mainly visual impairments.

2. Assess the correctness of implementing the WCAG component into the Quizer
elearning platform based on the feedback from users of cybersecurity courses.
The research questions RQ1-RQ5 of this study are:
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RQ1. What specific elements and tools in the Quizer platform do need to be
adapted to enable compliance with the WCAG 2.1 guidelines?

RQ2. What are the reactions and opinions of IT students about the new e-learning
courses adapted to the needs of people with visual impairments?

RQ3. Did students with simulated visual impairment experience improvement
in access to education thanks to the use of WCAG 2.1 in the designed
e-learning courses?

RQ4. Does the use of WCAG guidelines in quiz preparation and presentation af-
fect the results achieved by people with disabilities compared to the results
of people using a standard quiz without WCAG?

RQ5. How did the students assess the correctness of the implementation of the
WCAG 2.1 standard in the created quizzes from the point of view of cyber-
security?

The hypotheses H1-H4 of the research are:

H1. Adaptation of the Quizer e-learning platform to the WCAG 2.1 guidelines
will have a positive impact on the accessibility of education for people with
visual impairments who have difficult access to education.

H2. Creating dedicated e-learning courses in accordance with WCAG 2.1 guide-
lines will contribute to increasing the participation of people with visual
impairments in the educational process.

H3. Preparing the quiz in accordance with WCAG guidelines will allow people
with disabilities to achieve results at a level comparable to the results of people
using a standard quiz without WCAG.

H4. The functionality of keyboard navigation and screen reader support in WCAG
2.1 compliant e-learning courses will be effective for people with various
types of vision impairment.

Research Background

Many scientific articles discuss and examine the quality of life (QoL) of stu-
dents with disabilities and their access to education (Chatzoglou et al., 2023).
Madhesh in his work (Madhesh et al., 2023) points to a clearly lower quality of
life (QoL) of students with disabilities at Shaqra University in Saudi Arabia. The
factors mentioned include the failure to take into account all the needs of students
with disabilities and low awareness among lecturers and peers of disabilities and
their impact on the learning process. It further indicates that curricula and teaching
tools did not meet the needs of these students and their demands for equal access.
Contreras et al. documented in their study (Contreras et al., 2023) the significant
impact of the pandemic on access to higher education for students with disabilities
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in Chile. The access to education was limited for everyone, and it especially af-
fected students with disabilities. As a conclusion, they emphasized the need for fur-
ther actions aimed at increasing access to education and equalizing opportunities.
Brain and Mariani in their work (Brain & Mariani, 2023) analyse the difficulties
in equalizing accessibility for students with disabilities in Australia. They point
out that despite government support, there are still significant differences between
students without and with disabilities in terms of access to education, quality of
life and educational achievements. Rizk and Hillier in their work (Rizk & Hillier,
2022) describe the roles of digital technologies in improving access to education
and engagement of students with disabilities. Research shows that digital technol-
ogy provides significant support for students with disabilities, enabling them to
actively participate in classroom activities. The authors note that the use of IT
tools significantly increases the interaction between students with disabilities and
teachers and their peers. Despite progress in equalizing access to education for
students with disabilities around the world, there is still a need for further work
in this area. The development of programs, methods, teaching tools and courses
that take into account the needs of these people undoubtedly contributes to equal
educational opportunities. Burgstahler et al. (2004) emphasize in their work that
distance learning creates learning opportunities for everyone if accessibility issues
are taken into account in the process of designing university courses. Otherwise,
unnecessary barriers may arise that hinder equal participation in education and
careers for potential students and teachers with disabilities.

In today’s society, the development of information and communication tech-
nologies plays an important role in many areas of life, such as medicine (Kabyshev
& Kovalchuk, 2019), industry (Mon & René Del Giorgio, 2021), interpersonal
communication (Lee, 2023), and organizational management. However, one area
where the impact of these technologies is particularly evident is education (Fernan-
dez-Gutiérrez et al., 2020; Val et al., 2010; Rosa & Obillos, 2016), and specifically
the development of e-learning, which is teaching based on internet technologies
(Alfonso & Garcia, 2015; Petrovic et al., 2014). E-learning offers numerous ben-
efits, such as accessibility, time and geographic flexibility, as well as individualiza-
tion of the learning process (Stofkova et al., 2017). Through e-learning, students
have the opportunity to acquire knowledge and skills in a flexible manner, tailored
to their individual needs and pace of work. Regardless of location or time, educa-
tion can be obtained remotely, using interactive e-learning platforms, video confer-
ences, multimedia materials, and other digital tools. E-learning also enables access
to diverse educational content, both in the form of online courses and self-study
materials. As a result, students have the chance to develop their skills in various
fields, regardless of the availability of local schools or universities. However,
despite these advantages, many people with disabilities face barriers to accessing
elearning-based education due to limitations resulting from their disabilities (Calvo
et al., 2012). The World Health Organization estimates that over one billion peo-
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ple worldwide experience some form of disability, and approximately 93 million
children live with disabilities that affect their access to education. People with dis-
abilities have various types and degrees of limitations that may affect their ability
to engage with traditional teaching methods. Some of these limitations may stem
from difficulties in physical access to buildings, visual or hearing impairments,
cognitive disorders, or difficulties in interacting with computers. Many individuals
with disabilities experience barriers to accessing education at different stages of
life, leading to social exclusion and hindering the acquisition of qualifications and
skills needed in the job market.

To mitigate these inequalities and ensure equal access to education for all, there
is a need to develop educational tools and e-learning platforms that cater to the
needs of people with disabilities (Ulbricht et al., 2011; Mackowski et al., 2018).
One such tool is the e-learning exercise creator, which enables the creation of inter-
active educational tasks and materials. However, many existing e-learning exercise
creators do not meet the accessibility standards for people with disabilities, such
as the guidelines specified in WCAG 2.1 (Web Content Accessibility Guidelines)
(Germano & Silveira, 2022). WCAG 2.1 is an international standard that defines
guidelines for web content accessibility for people with disabilities (Fernandez-
Diaz et al., 2019; Sanchez et al., 2022). These guidelines address accessibility
issues related to vision, hearing, speech, learning, cognition, mobility, language,
and neurological impairments. Disabilities can occur singly or in complex forms,
comprising multiple disabilities with varying degrees of severity. Each type of dis-
ability requires the application of different techniques to enable access to informa-
tion on websites. Success criteria are specified for each guideline (Aizpurua et al.,
2016; Filipe et al., 2023). This allows for the application of the WCAG standard
in developed solutions and the verification of their compliance with the guidelines.
The WCAG 2.1 guidelines define three levels of conformance: A (lowest), AA,
and AAA (highest). It is important to note that achieving content compliance at the
highest level (AAA) does not guarantee accessibility for individuals with all types
and degrees of disabilities, especially those with complex disabilities. The design of
software and e-learning courses should also take into account the needs of people
with disabilities (Romero Marifio et al., 2018; Persson et al., 2015). This standard
focuses on ensuring that individuals with different types of disabilities can access
online content without any limitations. Adapting e-learning exercise creator tools
to incorporate WCAG guidelines aims to enhance accessibility for people with
disabilities, allowing them to use these educational tools on an equal basis with
able-bodied individuals (Laabidi et al., 2014). Consequently, work is being done
to develop new educational tools and e-learning platforms tailored to the needs of
people with disabilities, as well as to examine the accessibility of existing ones.
The authors of a study (Bocevska et al., 2018) analyzed the accessibility of recent
public platforms, such as Moodle, Eliademy, Docebo, Sakai, and ATutor, for people
with disabilities. They observed that the considered criteria have varying levels of
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compliance with the guidelines for web content accessibility (WCAG) 2.0. The
analysis focused on visual, auditory, and motor impairments. Accessibility testing
of the Moodle system, specifically for visual impairments, was also conducted
in another study (Armano et al., 2018). Four individuals with varying degrees of
visual impairment participated in the study. Krolak and Zajac (Krdlak & Zajac,
2022) conducted an analysis of Massive Open Online Courses (MOOCs) available
on the Coursera platform in terms of their accessibility for users with disabilities.
MOOC:s are courses available to a large number of participants via the internet.
The analysis was conducted in accordance with guidelines developed by the World
Wide Web in three ways: user testing, heuristic evaluation, and automated audit-
ing using various web tools. Despite the continuous development of the Coursera
platform, the introduction of new improvements, and the implementation of ac-
cessibility policies, study participants still encountered barriers in terms of digital
accessibility. An article by Seale & Cooper ( 2010) reviewed a range of tools that
facilitate the work of teachers in higher education and enable the development of
accessible e-learning materials and activities for students with disabilities. Brown
et al.( 2022) presented the fundamental principles of digital accessibility and the
standards by which it is defined, as well as the technologies used by individuals
with disabilities to interact with the online world. Reflecting on their own experi-
ences with digital accessibility in the university sector, the authors propose a four-
quadrant model of institutional support for accessible online teaching.

The e-learning exercise creator plays a crucial role in the instructional process
by providing interactive learning and assessment materials. Adapting this tool to
the needs of people with disabilities can improve their educational experiences and
ensure equal opportunities for educational advancement. Various adaptations can
be considered, such as providing alternative formats for textual and multimedia
content, incorporating technologies that assist with navigation and interaction, and
implementing user-friendly interfaces that prioritize usability and accessibility
(Yang et al., 2023). Adapting the e-learning exercise creator to the needs of people
with disabilities is not only important from the perspective of access to education
but also a step towards building a more inclusive society. Ensuring equal access
to education for all individuals, regardless of their disabilities, contributes to the
development of their potential, social integration, and increased opportunities for
full participation in society.
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Methodology of Research

General Background. Selection of technologies
for building the WCAG component

When creating the software and e-learning courses, the WCAG 2.1 guidelines
were taken into account, thereby enabling the accessibility of course content for
individuals with disabilities, primarily visual impairments. The basis for introduc-
ing the WCAG component was the Quizer e-learning platform (Quizer, n.d.), which
allows for the creation of interactive multimedia courses. The platform consists of:
“Exercise Creator” and ‘“‘Presenter”. The Quizer platform operates on the Oktawave
cloud infrastructure, providing consistent platform support across various devices
such as PCs, laptops, tablets, and smartphones. The virtual server of the Quizer
platform application runs on the Linux-Debian operating system. The develop-
ment of the platform utilized programming technologies such as Backbone JS,
Bootstrap, PHP language, Laravel framework, and MySQL (Dziedzic, 2021). Users
can create their individual accounts and gain access to the platform’s resources.
The “Interactive Exercise Creator” on the Quizer.pl platform enables the creation
of presentations and interactive exercises. It allows for the creation of exercises
such as pick one, pick many, drag and drop, fill in the blanks, or connect with lines.
The “Interactive Exercise Creator” consists of content management modules and
an editor for creating courses that facilitate data exchange between the portal and
publishing (Dziedzic, Gudkow & Wisniewski, 2020). The diagram of the “Exercise
Creator” is shown in Figure 1.

To enable the creation and solution of quizzes in accordance with WCAG
guidelines, the following modifications were necessary in the “Exercise Creator”
tool:

3. Development of a WCAG component that allows for keyboard and screen
reader support in courses, as well as designing courses compliant with WCAG

2.1 guidelines, followed by its implementation into the “Exercise Creator” tool.

4. Addition of a WCAG tab to the Exercise Creator with the ability to enter al-
ternative texts and indicate which elements should be considered by the screen
reader. By utilizing an alternative text, non-text elements such as images, deco-
rative graphics, icons, charts, animations, etc., can be processed by the screen
reader and provide information about their content.

5. Enabling the screen reader to interpret the HTML code of the exercise and read
alternative texts.

6. Allowing for the highlighting of selected elements to visually indicate the cur-
rently active element for visually impaired users.

7. Providing the ability to adjust and assess the contrast according to WCAG
guidelines for the designed courses.
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Figure 1. General schematic of the construction of the “Exercise Creator” in the
Quizer e-learning platform

Source: Own work.

The frontend part of the “Exercise Creator” is built using Backbone JS technol-
ogy. All modifications and new modules were also implemented using Backbone
JS to ensure compatibility. Most of the platform’s user interface components are
programmed in JavaScript. The application incorporates elements such as com-
ponents, containers, and triggers. A component is a software fragment that can be
independently mounted into larger programs, while containers oversee the execu-
tion of the component and are implemented by application servers. Triggers are
procedures that are automatically executed in response to certain events (Figure 2).
Backbone JS is a programming library (framework) that utilizes a model-based
data structure. Models are used to perform specific operations, and whenever
a user interface action results in a change to a model’s attribute, the model triggers
a “change” event. All views that display the model’s state can be notified of the
change, allowing them to react accordingly by re-rendering the model with the up-
dated data. Backbone JS applications follow a structure divided into controllers,
views, and models. Backbone JS is event-driven, with events being triggered by
changes in data models. All Backbone JS events are described using an event map.

One of the key elements of WCAG guidelines that addresses the needs of
individuals with visual impairments is the appropriate contrast of the content pre-
sented. This also applies to e-learning courses, where inadequate contrast can limit
or prevent the use of the course. In the “Exercise Creator,” a component has been
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implemented to assess and adjust the contrast of individual elements in relation to
each other, ensuring that the designed courses meet specified visibility guidelines.
The component is integrated within the “Exercise Creator” and is available upon
request for course designers. It was developed in JavaScript, allowing for seamless
integration with the Backbone JS framework.

Procedure for designing e-learning quizzes according to WCAG

Tests were conducted using two designed quizzes on the topic of cybersecurity:
Types and Identification of Threats in the Network - Phishing. Phishing is cur-
rently a very popular method of fraud. The scammer impersonates another person
or institution in order to obtain confidential information, infect the computer with
malware, or persuade the victim to perform specific actions. The first quiz provided
basic information about Phishing. The user’s task was to familiarize themselves
with or listen to all the information contained in the quiz. The second quiz involved
selecting the correct answer to the given questions. The type of quiz used was
Pick One (simple choice). To navigate through the courses, appropriate keys and
keyboard shortcuts were defined. The following keys and shortcuts were adopted:
TAB - to move to the next element on the timeline, SHIFT+TAB - to go back one
element, SPACE - to select an answer and confirm the choice. In accordance with
the logic of arranging elements in layers on the timeline in the “Quiz Creator”
tool, this number of navigation keys is sufficient. As a result, exercising is intui-
tive for the user, even during their first interaction with the exercise. Additionally,
these keys are commonly used for navigating web pages, so users who access
online resources navigate through the exercises intuitively and in accordance with
familiar procedures. When creating the quiz, all textual, graphical, and auditory
elements were added to the stage and arranged on the timeline in layers, planning
the TAB navigation path through the elements. The elements that are to be read by
a screen reader should be selected and their alternative text should be entered in
the WCAG tab. It is also necessary to add user variables to the project, which will
store information about which the answer has been selected during the task solving
process. Next, triggers were added to each answer checkbox so that specific fields
change their state to selected, simultaneously resetting the remaining answers to
their initial state. These actions must also include operations on variables that will
change along with the user’s selection and answer changes. Triggers were added to
the button that checks and confirms the user’s choice, displaying correct or nega-
tive feedback. In the case of the pick one exercise, additional conditions do not
need to be applied. The view of the window for the designed quiz with arranged
elements on layers on the timeline and adding a trigger is presented in Figure 2.
The trigger is supposed to perform the action of showing or hiding objects when
a particular object is selected.
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Figure 2. View of arranging textual and graphical elements on layers on the timeline
and adding a trigger

Source: Own work.

Another element used during the creation of quizzes was a component that al-
lowed for examining the contrast of the designed content. The component compares
the colors of text and background using color codes in the RGB and HEX formats.
By comparing the color combinations, the program returns the contrast value for
WCAG AA standards for large and normal text, as well as WCAG AAA standards
for large and normal text. Achieving an appropriate contrast ratio between the
text and the background resulted in feedback in the form of green highlighting for
a given standard. If the contrast criteria were not met, the “tile” with that standard
would be highlighted in red. Figure 3a illustrates a comparison of yellow text color
against a black background. The green tiles shown indicate that the contrast indica-
tors are met for all four text standards. In Figure 3b, a less contrasting color combi-
nation of text and background was used (white text on a blue background). In this
case, feedback was received about a too low contrast ratio. Only one out of the four
standards is met - such a color combination is acceptable only for the WCAG AA
standard for large text. By analyzing individual color combinations and adhering
to the obtained results, those preparing exercises adapted to the needs of people
with disabilities are able to create projects that meet specific WCAG guidelines and
allow visually impaired individuals to fully benefit from such prepared resources.
According to the WCAG standard, the minimum required contrast ratio (AA level)
is 4.5:1 for regular text and 3:1 for text in the form of headings. The recommended
contrast ratio for maximum contrast (AAA level) is 7:1 for regular text and 4.5:1
for text with a high level of enlargement. The presented content can be considered
visually friendly and accessible if the contrast reaches at least the minimum level
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(AA). An important principle applied in the design of web content (including
e-learning) is that color should not be the sole means of conveying information.
Users should also have the ability to change the font size of displayed information.

When starting the quiz, each user had the option to choose between a standard
course or a course designed according to WCAG guidelines. The quiz could be
solved using a mouse (basic version), keyboard and screen reader (WCAG version),
or in a mixed system. While solving the quiz with a mouse, the user clicks on the
answers, which change their state to selected. In case of changing the decision, by
clicking on another answer, the previous selection is automatically removed. In the
case of a correct answer, the user receives visual and auditory feedback, and user
points are added to the course.

When solving the exercise using the keyboard and screen reader, the user re-
ceives information at the beginning that the quiz is adapted for people with disabili-
ties and listens to the task instruction. Then, using the TAB key, the user navigates
between the answers and selects one by pressing the spacebar. The selection field
changes its state, and the user hears the information from the screen reader. In case
of changing the decision, the user clicks the spacebar on another answer, which
changes its state to selected and removes the previous selection. After providing
the correct answer, the user receives visual and auditory feedback and is awarded
points. In the case of an incorrect answer, the user also receives visual and auditory
feedback indicating an incorrect response.

€ C @ quizerplkreatar/editor a

|
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threats in the Internet
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WCAG AA Data extortion - PHISHING
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Figure 3a. Example contrast evaluation windows for the designed quiz: high con-
trast

Source: Own work.
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User Research Methodology for E-Learning Quizzes

The conducted research consisted of verification of the correctness of imple-
menting the WCAG component into the Quizer e-learning platform. The research
was carried out in accordance with research ethics principles, involving two groups
of individuals: (i) individuals with actual visual impairments and (ii) individu-
als with simulated visual dysfunction (blind individuals). Simulations of visual
impairments were achieved by covering the eyes with a blindfold. The users also
utilized headphones to eliminate the influence of the environment on the accurate
understanding of the text read by the screen reader. The p articipants were provided
with information about the research purpose and the procedure was explained to
them. Access to the quizzes (presentation and test) was provided online through
a web browser. In the first stage, participants were tasked with familiarizing them-
selves with the presentation and then completing the test. The test concluded with
providing information about the achieved score of correct answers, presented as
a percentage. It was assumed that for adult individuals, the time to complete one
quiz should not exceed 5 minutes (300 seconds).

After completing the quizzes, the users answered questions in an electronic
survey. The survey employed a five-point Likert scale, where: 1-Strongly disagree,
5-Strongly agree. Pilot (survey) studies were conducted with a group of 73 students
majoring in Computer Science, aged 20-22, who were all students from Poland. These
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students came from both rural and urban backgrounds. The majority of these individ-
uals had already planned to pursue a degree in computer science during their primary
school years. While attending university, they utilize an e-learning platform, although
it is not compliant with WCAG (Web Content Accessibility Guidelines) standards.
The studies were quantitative in nature and conducted in groups of 5 individuals with-
in a dedicated computer laboratory. The tests utilized a standard QWERTY keyboard
commonly found in laptops and desktop computers in Poland. The focus was on
ensuring that the adaptation of web content for individuals with disabilities had broad
applicability and did not require specialized equipment for operation. This solution
allows people with disabilities to access online resources regardless of their access to
specialized and often costly solutions. The screen reader presented the quiz user with
audio feedback based on the acquired information. Screen readers are a form of assis-
tive technology used by individuals who are blind, visually impaired, or have learning
difficulties. The NVDA (NonVisual Desktop Access) screen reader was used for the
tests. This tool was chosen for its low hardware requirements (minimum 1GHz pro-
cessor speed, 256 MB RAM, and 90 MB storage space for smooth operation), which
do not significantly burden the computer’s performance, especially older models.
Additionally, this screen reader is freely available, ensuring unlimited access for all
users. To facilitate text perception in courses, the ability to change font size was also
provided through a dedicated button. At the start of the quiz, users had the option to
choose between a version without high contrast and a version with contrast enabled.

In order to compare the final results of quizzes compliant with WCAG (for stu-
dents with disabilities) with the results of quizzes not adapted to WCAG standards
(for students without disabilities), a study was conducted on a group of 73 students
using the same quizzes, but without taking into account the WCAG guidelines.
Pearson linear correlation coefficient was calculated for the survey data.

Results and discussion

Survey Results

The prepared survey, which was completed by the participants, was divided
into two parts. The first part consisted of questions intended only for individuals
with simulated visual impairment (blind individuals), while the second part con-
tained questions for individuals with actual visual impairments. In the study with
simulated visual impairment, 59 males and 14 females participated, while in the
study with actual visual impairments, there were 14 males and 2 females. These
individuals had visual impairments ranging from —2 to —6 dioptres and astigmatism.
The survey included the questions presented in Table 1.
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Research Questions Included in the Survey

No.

The content of the question

Part |

Q1.1

Q1.2

Q1.3

Q1.4
Q1.5

Was the voice information regarding navigation provided in a clear manner upon
launching the quiz and throughout its duration?

Does the use of a keyboard enable navigation through the designed e-learning
courses?

Does the screen reader recognize and interpret the elements of the e-learning
course displayed on the computer monitor?

Does the applied screen reader correctly pronounce the content within the quiz?
Is there any repetitive content causing the screen reader to stutter?

Part Il

Q2.1
Q2.2
Q2.3

Is it clear which element is active during the navigation?
Did the contrast change improve the visibility of displayed content?
Did you notice an improvement in text quality after changing the font size?

The results of the survey, after answering the research questions, are presented
in Figures 4-6. Figures 4-5 show the results for the first research group, which
includes individuals with simulated visual impairment (blind individuals). Figure 7,
on the other hand, represents the second research group consisting of individuals
with actual visual impairment.

Figure 4 presents the results of responses to questions Q1.1 and Q1.2. In the
case of the response to question Q1.1, over 75% of users expressed a positive opin-
ion regarding the comprehensibility of voice instructions related to quiz navigation.
18% of users had no opinion (“hard to say”), and only 5% responded “probably
not.” Navigating through the designed e-learning courses using a keyboard (Q1.2)
received very high ratings.

-20% 0% 20% 40% 60% 80% 100%

m Definitely not mRather not mHard to say mRatheryes mDefinitely yes

Figure 4. Results of responses to questions Q1.1 and Q1.2

Source: Own work.
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The vast majority, over 97% of the test participants, had no difficulty navigating
the quiz using a keyboard. They responded with “definitely yes” (51%) and “prob-
ably yes” (46%). Only 2 individuals responded with “hard to say.” There were no
negative responses. Figure 5 presents the results of the survey regarding the used
screen reader (questions Q1.3, Q1.4, Q1.5).

Q14

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

m Definitely not = Rather not = Hard to say Rather yes m Definitely yes

Figure 5. Results of responses to questions Q1.3, Q1.4, and Q1.5

Source: Own work.

The responses to the question “Does the screen reader recognize and interpret
the elements of the e-learning course displayed on the computer screen?” (Q1.3)
and “Does the applied screen reader pronounce the content in the quiz correctly?”
(Q1.4) are very promising as they confirm the adequacy of adapting the e-learning
course content to the screen reader used. Over 62% (Q1.3) and 48% (Q1.4) of users
responded “definitely yes,” while “rather yes” accounted for over 35% (Q1.3) and
45% (Q1.4) of responses. The correlation between the survey questions Q1.1-Q1.4
is moderate (changes from 0.39 to 0.48). In the case of question Q1.5, “rather no”
responses were positive, while “rather yes” responses were negative (completely
opposite to the previous questions). Over 62% of responses were positive (“defi-
nitely no” — over 13%, “rather no” — over 48%). Over 25% of responses were neu-
tral — “hard to say,” while only 12% were negative.

The results of the survey regarding the second group of test participants (in-
dividuals with actual visual impairments) are shown in Figure 6. In the case of
question Q2.1 (Can you see which element is active during navigation?), over 56%
of responses were positive, and 25% were neutral. Only 2 individuals answered
“rather no,” and 1 person answered “definitely no.” The impact of contrast change
on improving the perception of displayed content was also highly rated, with over
68% of users responding positively. Similarly, 2 individuals had no opinion. The
negative responses were distributed in the same way as in question Q2.1. Chang-
ing the font size has a significant impact on improving the quality of displayed
text (Q2.3), as confirmed by 94% of individuals with actual visual impairments.
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The correlation between the survey questions Q2.1-Q2.3 is strong (changes from
0.56 to 0.82).

Q23

Q22

Qz1

-40% -20% 0% 20% 40% 60% 80% 100%

m Definitely not mRathernot =mHard to say = Rather yes mDefinitely yes
Figure 6. Results of responses to questions Q2.1, Q2.2, and Q2.3

Source: Own work.

The final results of the quiz prepared according to the WCAG guidelines were
compared with the results of people using the standard quiz without WCAG, as
shown in Figure 7.
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Figure 7. Quiz results

Source: Own work.

For the quiz with WCAG, the results obtained were quite high, comparable
to the results for the standard quiz. This confirms the correct development of the
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course and the operation of the WCAG tools used both in the presentation and
in the quiz test. More than half of users scored 100% for this type of quiz. Other
results are as follows: over thirty percent of users received 90%, 2 people — 80%,
2 people — 70%, 2 people — 50% and 2 people — 40%. All users completed the quiz-
zes within the set time (less than 5 minutes). The average score for the WCAG quiz
was 92% and for the standard quiz 94.24%. This is a very similar result, confirm-
ing the possibility of equalizing opportunities in access to the quiz and obtaining
a positive result for people with disabilities. The correlation between the survey
questions and quiz results is weak (below 0.3).

Determination of guidelines for preparing e-learning courses that comply
with WCAG standards

Taking into account the specific needs of visually impaired individuals who
may have difficulty or limited ability to track mouse movement on a computer
screen, it is necessary to implement solutions that can overcome these obstacles.
Analyzing the results of the tests, it can be concluded that the use of an e-learning
platform, including interactive exercises, with the use of a keyboard and screen
reader, is a suitable solution for visually impaired individuals. By employing such
a solution, these individuals can navigate and perform specific actions in the course
using designated keys and keyboard shortcuts (e.g., the Tab key). Clear highlighting
of the active element allows visually impaired individuals to determine their current
location within the resource. Additionally, by utilizing screen reader tools, individu-
als who are completely blind can also access such resources. Keyboard navigation
enables logical, pre-planned, and defined movement on the screen, while the screen
reader informs these individuals about their current location, available content,
and possible actions. Interactive content, where user actions have visual effects
(e.g., choosing different paths in an exercise), often presents difficulties or renders
the resources completely unusable for individuals with visual impairments. A prop-
er preparation of web resources, including interactive exercises, offers the opportu-
nity to minimize barriers for people with disabilities in accessing these resources.
By using keyboard navigation and a screen reader, it is possible to create exercises
in which users can follow a planned path, respond to received instructions, or per-
form required actions. The feedback provided after answering a question or com-
pleting a task allows users to proceed to the next stages of the exercise or improve
their responses. Through a thoughtful planning and preparation of interactive exer-
cises, barriers to accessing these resources for individuals with disabilities can be
significantly reduced without compromising the visual and interactive aspects for
able-bodied individuals. In summary, the developed component enables a higher
level of compliance with WCAG guidelines for multimedia educational content,
strengthening access to education for individuals with disabilities, including visual
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and hearing impairments. After conducting the research, general guidelines were
formulated for the proper construction and development of e-learning exercises in
accordance with WCAG guidelines. It was determined which elements should be
visible upon opening the project, what the logical task execution and feedback pres-
entation paths should be, and what actionable options are necessary from the key-
board and screen reader perspective. These guidelines can serve as a framework for
designing quizzes for individuals with limited access to digital educational content.

1.

The key assumptions for the WCAG component are as follows:

The screen reader only perceives elements that have the visibility option ena-
bled. Other elements are invisible to the screen reader. This allows for planning
the user’s task execution path by controlling what and in what order the user
will see or hear.

. The screen reader only perceives elements that are active and visible on the

timeline. Even elements with the visibility option enabled for the screen reader
must remain invisible to the reader until they are shown on the timeline in the
Creator tool. This solution enables determining the moment when specific op-
tions become available to the user, taking into account the stage of the exercise
at which the user is currently.

. Each element with the visibility option enabled for the screen reader must have

an alternative text filled in. The alternative text must not contain words written
with spaced-out letters.

. When a specific element is selected, the screen reader automatically reads its

associated alternative text. This event does not require any action from the user.

. Pressing a designated key allows for moving to the next element. According to

the WCAG standard, moving to the next element is done using the TAB key.

. A designated key combination allows for returning to the previous element with

the visibility option enabled for the screen reader. According to the standard,
the Shift+TAB key combination is used for this purpose. In accordance with
the previous assumptions, the selection will return to the previously visited
element unless it has been hidden on the timeline. In such a case, the selection
will stop at the first visible element on the timeline.

. The order of navigating between elements is determined by their arrangement

on the timeline: the screen reader cursor moves through marked and visible
elements from left to right, from the top layer to the bottom. If there is only
one element on consecutive layers, the selection moves through the layers from
top to bottom while adhering to the visibility criterion for the screen reader
and the timeline.

. The ‘space’ or ‘enter’ key allows for replicating the functionality of clicking

the respective element on the screen.

. Pressing the ‘space’ or ‘enter’ key on a selected element enables executable

actions, similar to objects operated by the mouse. This allows users with dis-
abilities to access all the executable actions available in the Creator tool, includ-
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10.

I1.

12.

13

14.

15.

16.

17.

18.

ing showing objects, hiding objects, displaying layers, hiding layers, moving
to the next, previous, or any chosen page, playing, pausing, or stopping audio
recordings, changing the value of a score or user variable, altering the style of
elements, managing the timer, checking individual exercises, or all exercises
in the course, as well as handling video files.

Selecting an element visible to the screen reader provides executable actions
similar to the event of hovering the mouse over an object. The available ac-
tions for the event of selecting an element are the same as those for clicking
the mouse button.

Upon opening the project, the screen reader selection automatically sets to the
first visible element with the WCAG component enabled. This allows screen
reader users to orient themselves within the course upon project loading and
provides instructions on further steps to solve the exercise.

Upon page loading, the screen reader automatically reads the alternative text
from the first visible element. This event does not require any user intervention.
It provides an opportunity to present the user with the exercise procedure and
instruct them on the tasks involved in a specific exercise.

. Every change on the screen must be initiated by user action. The a utomatic

appearance and disappearance of elements should be eliminated. This approach
avoids the confusion that could arise when things happen automatically in an
exercise for which the user is not prepared. It can also distract the user and
make the technical execution of the task more difficult.

The elements selected by the screen reader must be clearly marked with bor-
ders/highlighting, according to the standard. The visibility of focus should be
maintained. This provides additional support for visually impaired individuals
when solving the task. The border should be adjusted to the content of the task
in terms of contrast.

A sufficient contrast must be ensured between the elements present on the page
and the background. According to WCAG guidelines, this parameter should
be at least 4.5:1. In all cases where the color of an element is defined in the
stylesheet, the background color on which it is placed is also defined.

The exercise must have a mechanism that allows the view on the page to be
enlarged up to 200% while maintaining the visibility of all information.

The occurrence of a keyboard trap, where the user is unable to complete the
task entirely using the keyboard, must be avoided. Points related to navigating
between elements and executing actions on events allow for arranging elements
and planning the logic of task solving to avoid such a situation.

The exercise and the page on which the exercise is located must not have an
automatic refresh mechanism. Such a mechanism prevents the completion of
the exercise, leading to loss of focus and the need to start the task-solving pro-
cess from the beginning. There should also be no mechanism in the exercise or
on the page that automatically redirects the user to another address.
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Conclusions

The present article raises the key issue of making digital educational content
available to people with disabilities, in particular those with a visual impairment.
The main objectives of the study were to develop an interactive creator of exercises
in accordance with the WCAG 2.1 guidelines and to assess the effectiveness of its
implementation on the Quizer e-learning platform. On the basis of tests and user
studies, the following final conclusions were formulated:

1. The study showed that a customized e-learning platform successfully enabled
people with visual impairments to navigate and interact with a keyboard and
a screen reader. The respondents reported clear and understandable voice in-
structions for navigation, and keyboard interaction provided intuitive naviga-
tion paths.

2. It was found that the screen reader used (NVDA) effectively recognizes and
interprets elements of e-learning content displayed on a computer screen.
It correctly pronounced the content included in the quizzes, increasing the ac-
cessibility of educational materials for users with visual impairments.

3. The introduction of the contrast adjustment option had a positive impact on the
visibility of the displayed content, thus improving the reception of educational
materials by visually impaired users. They noticed improved text quality after
changing the font size, further highlighting the importance of customization
for accessibility.

4. The study compared the results of quizzes developed according to WCAG
guidelines with standard quizzes. The results showed that the WCAG-adapted
quizzes achieved a similar success rate to the standard quizzes, highlighting
the effectiveness of the adaptation in providing equal educational opportunities
for people with disabilities.

5. The obtained results led to the formulation of guidelines for the design and
development of accessible e-learning exercises in accordance with the WCAG
guidelines. These guidelines emphasize elements such as keyboard navigation,
screen reader compatibility, contrast adjustment and logical task paths to ensure
accessibility without compromising the interactive aspects.

The results of this study have important implications for the field of inclusive
education and e-learning. The successful integration of WCAG guidelines into an
e-learning platform, along with positive feedback from users with visual impair-
ments, demonstrates the feasibility of creating digital learning resources that meet
a variety of accessibility needs. To sum up, the research has shown that adapting
e-learning exercises to the WCAG 2.1 guidelines significantly improves accessibil-
ity for people with disabilities, especially those with visual impairments.

The study provides valuable information on the implementation of accessibil-
ity features, highlights their positive impact on user experience and educational
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outcomes, and establishes guidelines for the design of accessible e-learning mate-
rials. By prioritize accessibility, educational institutions and content creators can
help create an inclusive learning environment that benefits all students, regardless
of their ability.

Acknowledgements

The article was financed as part of the project: “Adaptation of the e-learning
exercise creator to the needs of people with disabilities with impaired access to
education” co-financed by the European Union under the European Regional
Development Fund, implemented in the Regional Operational Programme of the
Lublin Voivodeship for 2014-2020, Priority Axis: | RESEARCH AND INNOVA-
TION, Action 1.2 Purposeful research. Contract No. RPLU.01.02.00-06-0012/19.

References

Aizpurua, A., Harper, S., & Vigo, M. (2016). Exploring the relationship between web accessibility
and user experience. International Journal of Human-Computer Studies, 91, 13-23. https://doi.
org/10.1016/j.ijhcs.2016.03.008.

Alfonso, G. J. & Garcia, P. G. (2015). Open and Distance eLearning: New Dimensions in Teaching,
Learning, Research, and Extension for Higher Education Institutions. International Journal on
Open and Distance e-Learning, 1(1&2), 1-13. https://ijodel.com/index.php/ijodel/article/view/3.

Armano, T., Borsero, M., Capietto, A., Murru, N., Panzarea, A. & Ruighi, A. (2018). On the acces-
sibility of Moodle 2 by visually impaired users, with a focus on mathematical content. Universal
Access In The Information Society, 17(4), 865-874. https://dx.doi.org/10.1007/s10209-017-0546-8.

Bocevska, A., Savoska, S., Ristevski, B. & Blazheska-Tabakovska, N. (2018). Analysis of Ac-
cessibility of the e-Learning Platforms According to the WCAG 2.0 Standard Compliance.
In 1. Nedelkovski (Ed.), Proceedings of the 8" International Conference on Applied Internet
and Information Technologies, (pp. 26-31), ISBN 978-9989-870-80-4. https://aiitconference.
org/2018/proceedings.

Brain, S. & Mariani, R. (2023). Reviews of education for students with disability in Australia. /nter-
national Encyclopedia of Education (Fourth Edition), 376-385. https://doi.org/10.1016/B978-0
-12-818630-5.12023-8.

Brown, J., Permvattana, R., Hollier, S. & McKee, J. (2022). Online Learning & COVID-19: Exploring
Digital Accessibility. Journal on Technology and Persons with Disabilities, 10, 82-96. https://
doi.org/10.1145/3430263.3452445.

Burgstahler, S., Corrigan, B. & McCarter, J. (2004). Making distance learning courses accessible to
students and instructors with disabilities: A case study. The Internet and Higher Education, 7,
233-246. https://doi.org/10.1016/j.iheduc.2004.06.004.

1JREL.2023.9.2.06, p. 21/25


https://doi.org/10.1016/j.ijhcs.2016.03.008
https://doi.org/10.1016/j.ijhcs.2016.03.008
https://ijodel.com/index.php/ijodel/article/view/3
https://dx.doi.org/10.1007/s10209-017-0546-8
https://aiitconference.org/2018/proceedings
https://aiitconference.org/2018/proceedings
https://doi.org/10.1016/B978-0-12-818630-5.12023-8
https://doi.org/10.1016/B978-0-12-818630-5.12023-8
https://doi.org/10.1145/3430263.3452445
https://doi.org/10.1145/3430263.3452445
https://doi.org/10.1016/j.iheduc.2004.06.004

Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski

Calvo, R., Iglesias, A. & Moreno, L. (2012). Is Moodle Accessible for Visually Impaired People?
In J. Filipe & J. Cordeiro (Eds.), Web Information Systems and Technologies. WEBIST 2011.
Lecture Notes in Business Information Processing, 101, (pp. 207-220). https://doi.org/10.1007/978
-3-642-28082-5_15.

Chatzoglou, E., Fishstrom, S., Payne, S. B., Andress, T. T. & Vaughn, S. (2023). The footprint of the
COVID-19 pandemic in reading performance of students in the U.S. with and without disabilities.
Research in Developmental Disabilities, 140, 104585. https://doi.org/10.1016/j.ridd.2023.104585.

Contreras, M. 1., Duryea, S. & Martinez, A. C. (2023). The effect of the pandemic on the transition
to tertiary education in Chile: A focus on students with disabilities. International Journal of
Educational Development, 100, 102779. https://doi.org/10.1016/j.ijjedudev.2023.102779.

Dziedzic, K. (2021). Measuring Student Involvement When Taking Tests in E-learning Courses.
IJREL, 7, 1-17. http://doi.org/10.31261/IJREL.2021.7.1.09.

Dziedzic, K., Gudkéw, M. & Wisniewski, T. (2020). The “Quizer” e-learning platform as a tool
for creating interactive quizzes with multiplayer functionality. JCSZ, 15, 196-201. https://doi.
org/10.35784/jcsi.1610.

Fernandez-Diaz, E., Maldonado, M. C. J. & Sanchez, P. P. 1. (2019). Web Accessibility. The new
era of WCAG 2.1, the transition to future WCAG 3.0. Gecontec-Revista Internacional De Ges-
tion Del Conocimiento Y La Tecnologia, 7(2), 42—65. https://www.upo.es/revistas/index.php/
gecontec/article/view/4069.

Fernandez-Gutiérrez, M., Gimenez, G. & Calero, J. (2020). Is the use of ICT in education leading to
higher student outcomes? Analysis from the Spanish Autonomous Communities. Computers &
Education, 157,103969. https://doi.org/10.1016/j.compedu.2020.103969.

Filipe, F., Pires, I. M. & Gouveia, A. J. (2023). Why Web Accessibility Is Important for Your Institu-
tion. Procedia Computer Science, 219, 20-27. https://doi.org/10.1016/j.procs.2023.01.259.
Germano, R. S. & Silveira, 1. F. (2022). WCAG-Easy Tool A tool based in the WCAG to learn web
accessibility. In A. Rocha, B. Bordel, F. G. Penalvo & R. Goncalves (Eds.), 7" Iberian Con-
ference on Information Systems and Technologies (CISTI), (pp. 1-6). https://doi.org/10.23919/

CISTI54924.2022.9820012.

Kabyshev, M. V. & Kovalchuk, S. V. (2019). Development of personalized mobile assistant for chronic
disease patients: diabetes mellitus case study. Procedia Computer Science, 156, 123-133. https://
doi.org/10.1016/j.procs.2019.08.187.

Krolak, A. & Zajac, P. (2022). Analysis of the accessibility of selected massive open online courses
(MOOC:s) for users with disabilities. In C. Stephanidis & M. Antona (Eds.), Universal Access
in the Information Society, (pp. 1-13). https://doi.org/10.1007/s10209-022-00927-2.

Laabidi, M., Jemni, M., Jemni Ben Ayed, L., Ben Brahim, H. & Ben Jemaa, A. (2014). Learning
technologies for people with disabilities. Journal of King Saud University - Computer and
Information Sciences, 26, 29-45. https://doi.org/10.1016/j.jksuci.2013.10.005.

Lee, Y. (2023). ICT use, internal communication satisfaction, and engagement of working-from-home
employees: The moderating role of affiliative tendency. Computers in Human Behavior, 138,
107472. https://doi.org/10.1016/j.chb.2022.107472.

Mackowski, M. S., Brzoza, P. F. & Spinczyk, D. R. (2018). Tutoring math platform accessible for visu-
ally impaired people. Computers in Biology and Medicine, 95, 298-306. https://doi.org/10.1016/].
compbiomed.2017.06.003.

Madhesh, A. (2023). Quality of life of higher education students with disabilities at Shaqra University.
Research in Developmental Disabilities, 138, 104520. https://doi.org/10.1016/j.ridd.2023.104520.

Mon, A. & René Del Giorgio, H. (2021). Evaluation of Information and Communication Technolo-
gies towards Industry 4.0. Procedia Computer Science, 180, 639—648. https://doi.org/10.1016/].
procs.2021.01.286.

IJREL.2023.9.2.06, p. 22/25


https://doi.org/10.1007/978-3-642-28082-5_15
https://doi.org/10.1007/978-3-642-28082-5_15
https://doi.org/10.1016/j.ridd.2023.104585
https://doi.org/10.1016/j.ijedudev.2023.102779
http://doi.org/10.31261/IJREL.2021.7.1.09
https://doi.org/10.35784/jcsi.1610
https://doi.org/10.35784/jcsi.1610
https://www.upo.es/revistas/index.php/gecontec/article/view/4069
https://www.upo.es/revistas/index.php/gecontec/article/view/4069
https://doi.org/10.1016/j.compedu.2020.103969
https://doi.org/10.1016/j.procs.2023.01.259
https://doi.org/10.23919/CISTI54924.2022.9820012
https://doi.org/10.23919/CISTI54924.2022.9820012
https://doi.org/10.1016/j.procs.2019.08.187
https://doi.org/10.1016/j.procs.2019.08.187
https://doi.org/10.1007/s10209-022-00927-2
https://doi.org/10.1016/j.jksuci.2013.10.005
https://doi.org/10.1016/j.chb.2022.107472
https://doi.org/10.1016/j.compbiomed.2017.06.003
https://doi.org/10.1016/j.compbiomed.2017.06.003
https://doi.org/10.1016/j.ridd.2023.104520
https://doi.org/10.1016/j.procs.2021.01.286
https://doi.org/10.1016/j.procs.2021.01.286

Adaptation of the E-Learning Exercise Creator...

Persson, H., Ahman, H., Yngling, A. A. & Gulliksen, J. (2015). Universal design, inclusive design,
accessible design, design for all: different concepts-one goal? On the concept of accessibility-
historical, methodological and philosophical aspects. In C. Stephanidis & M. Antona (Eds.),
Universal Access in the Information Society, 14, (pp. 505-526). https://doi.org/10.1007/s10209-
014-0358-z.

Petrovic, V. V., Milsevic, H. & Gavrilovic, S. (2014). E-learning using software moodle. In J. Beseda
& Z. Machat (Eds.), Disco 2014: Media Literacy Education From Pupil To Lifelong Learning,
(pp- 297-304), ISBN 978-80-86302-45-4.

Quizer. (n.d.). Quizer Platforma e-learningowa dla firm: Strona Gtoéwna. https://quizer.pl/ (accessed
03.11.2023).

Rizk, J. & Hillier, C. (2022). Digital technology and increasing engagement among students with
disabilities: Interaction rituals and digital capital. Computers and Education Open, 3, 100099.
https://doi.org/10.1016/j.cae0.2022.100099.

Romero Marifio, B. D., Rodriguez-Fortiz, M. J., Hurtado Torres, M. V. & Haddad, H. M. (2018). Ac-
cessibility and activity-centered design for ICT users: ACCESIBILITIC ontology. IEEE Access,
6, 60655-600665. https://doi.org/10.1109/ACCESS.2018.2875869.

Rosa, D. & Obillos, J. P. (2016). Experiences, perceptions and attitudes on ICT integration: A case
study among novice and experienced language teachers in the Philippines. International Journal
of Education and Development using Information and Communication Technology, 12(3), 37-57,
ISSN: ISSN-1814-0556. https://api.semanticscholar.org/CorpusID:63769927.

Sanchez, L. A. V., Idrobo, D. I. G., (...) & Gomez-Jaramillo, S. (2022). Guide for Website Design for
Higher Education Institutions Based on the WCAG 2.1 Standard Applied to Visual Disabilities.
Academia Y Virtualidad, 15(1), 105-118. https://doi.org/10.18359/ravi.5601.

Seale, J. K. & Cooper, M. (2010). E-Learning and accessibility: An exploration of the potential role
of generic pedagogical tools. Computers & Education, 54(4), 1107-1116. https://doi.org/10.1016/].
compedu.2009.10.017.

Stofkova, J., Stofko, S. & Loucanova, E. (2017). Possibilities of using e-learning system of educa-
tion at universities. In INTED2017 Proceedings, 11th International Conference on Technology,
Education and Development (INTED), 6965—-6972. https://doi.org/10.21125/inted.2017.1618.

Ulbricht, V., Flores, A. R. B, (...) & Ribas, A. (2011). The Visually Impaired and Distance Education.
Revista Educaonline, 5(3), 1-18, ISSN 1983-2664.

Val, J.-H., Rashid, A. T. & Elder, L. (2010). Using mobile phones to improve educational outcomes:
An analysis of evidence from Asia. International Review of Research in Open and Distributed
Learning, 11(1), 117-140. https://doi.org/10.19173/irrodl.v11il.794.

Yang, M., Lowell, V., Long, Y. & Farmer, T. (2023). Designing for Accessibility in Online Learn-
ing: A Design Case. Journal of Postsecondary Education and Disability, 36(1), 75-87. https://
digitalcommons.odu.edu/stemps_fac_pubs/240.

1IJREL.2023.9.2.06, p. 23/25


https://doi.org/10.1007/s10209-014-0358-z
https://doi.org/10.1007/s10209-014-0358-z
https://quizer.pl
https://doi.org/10.1016/j.caeo.2022.100099
https://doi.org/10.1109/ACCESS.2018.2875869
https://api.semanticscholar.org/CorpusID:63769927
https://doi.org/10.18359/ravi.5601
https://doi.org/10.1016/j.compedu.2009.10.017
https://doi.org/10.1016/j.compedu.2009.10.017
https://doi.org/10.21125/inted.2017.1618
https://doi.org/10.19173/irrodl.v11i1.794
https://digitalcommons.odu.edu/stemps_fac_pubs/240
https://digitalcommons.odu.edu/stemps_fac_pubs/240

Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski
Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski

Dostosowanie kreatora ¢wiczen e-learningowych do potrzeb osob
z niepelnosprawnos$ciami utrudniajacymi dostep do edukacji

Streszczenie

Niniejszy artykut dotyczy implementacji wytycznych WCAG 2.1 w kursach elearningowych.
Baza do wprowadzenia komponentu WCAG byla platforma elearningowa Quizer, umozliwiajaca
tworzenie interaktywnych kursow multimedialnych. W sktad platformy wchodza dwa podstawowe
narzedzia: kreator ¢wiczen i prezenter ¢wiczen.

Po przeprowadzeniu analizy kreatora ¢wiczen na platformie Quizer, opracowano koncepcje
kursow i zaimplementowano komponent umozliwiajacy tworzenie kursow e-learningowych zgodnych
z wytycznymi WCAG 2.1 i1 przeznaczonych dla 0séb z niepetnosprawno$ciami. Zaprezentowano
réwniez technologie wykonania tego komponentu. Oméwiono takze funkcje i zasadnos¢ poruszania
si¢ po kursach z wykorzystaniem klawiatury oraz przedstawiono zastosowanie czytnikow ekranu.

Badania dotyczace poprawnosci implementacji standardu WCAG 2.1 w kursach elearningowych
byly przeprowadzane z uzyciem quizéw z zakresu cyberbezpieczenstwa. Porownano réwniez wyniki
koncowe quizéw przygotowanych wedhug wytycznych WCAG i bez WCAG. W badaniach wzigli
udziat studenci kierunku informatyka Politechnik Lubelskiej. Wyniki badan wskazuja na zasadnos¢
stosowania wytycznych WCAG w projektowaniu tresci edukacyjnych dla studentow z niepetno-
sprawno$ciami w celu wyréwnania ich szans edukacyjnych.

Stowa kluczowe: e-learning, kreator ¢wiczen, kursy multimedialne, WCAG 2.1

Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski

Adaptar el creador de los ejercicios e-learning a las necesidades
de las personas con discapacidad con dificil acceso a la educacion

Resumen

Este articulo se refiere a la implementacion de las pautas WCAG (Web Content Accessibility
Guidelines) 2.1 en los cursos de aprendizaje electronico. La base para la introduccion del compo-
nente WCAG fue la plataforma de e-learning Quizer que permite la creacion de cursos multimedia
interactivos. La plataforma consta de dos herramientas basicas: creador de ejercicios y presentador
de ejercicios.

Después de analizar el creador de ejercicios en la plataforma Quizer, se desarrollé un concepto
y se implement6 un componente para permitir la creacion de cursos de aprendizaje electronico de
acuerdo con las pautas de WCAG y dedicados a las personas con discapacidad. También se presentd
la tecnologia de creacion de este componente. Igualmente se discuto la funcion y la conveniencia de
navegar por los cursos usando el teclado asi que el uso de lectores de pantalla.

La investigacion sobre la correccion de la implementacion del estindar WCAG en los cursos
de aprendizaje electronico se llevd a cabo con el uso de pruebas de ciberseguridad. Los estudiantes
de Informatica de la Universidad Tecnoldgica de Lublin participaron en el estudio. Los resultados
de la investigacion indican la conveniencia del uso de las pautas WCAG en el disefio del contenido
educativo para los estudiantes con discapacidades y el igualamiento de las oportunidades educativas.

Palabras clave: e-learning, creador de ejercicios, cursos multimedia, WCAG
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Adaptation of the E-Learning Exercise Creator...
Kummrod 3ensuc, Mapuun bapuy, Toman BurineBcku

AnmanTanusi KpeaTopa ynpaKHeHHii 3J1eKTPOHHOTO 00y4YeHHUsl K MOTPeGHOCTAM
JIIofIeid ¢ OrpaHNYeHHBIMH BO3MOKHOCTSIMH € 3aTPYTHEHHBIM T0CTYTIOM
K 00pa3oBaHMIO

AHHOTANUSA

Ora crarhs Kacaercs peannzanuu pexkomenaamii WCAG (Web Content Accessibility Guidelines)
2.1 B kypcax anekTpoHHOro ooyuenus. OcHoBoil 11 BHeapenus komnonenta WCAG crana miar-
(opma r1eKTpoHHOT0 00ydyeHHs1 Quizer, O3BOJISIONIAs CO3/IaBaTh MHTEPAKTUBHBIC MYJIBTHMEINITHBIC
Kypcesl. [Tnatrdopma cocTONT U3 ABYX OCHOBHBIX MHCTPYMEHTOB: CO3JaHHsl YIIPAKHEHHUH U TIPEACTaB-
JICHUSI YIIPAKHEHHUH.

ITocne ananusa Koncrpykropa ynpaxkHeHuil Ha miatrdopme Quizer 6bi1a pa3paboTaHa KOHIETI-
LM ¥ PEaTM30BaH KOMIIOHEHT, MO3BOJIAIONINIT CO3aBaTh KYpPChI JJIEKTPOHHOTO 00y4YEHHS B COOTBET-
ctBuH ¢ pexomeHaaunsmu WCAG u npeaiHasHaueHHbIE 115 JII0ASH ¢ OrpaHHYeHHBIMH BO3MOYKHOCTS-
M. Takxke OblTa pecTaBIeHa TEXHOJIOTHs M3TOTOBIICHHS 9TOT0 KOMIIOHEHTa. Takxke 00CyKIalTcs
(YHKIMH ¥ TPaBOMEPHOCTh HaBHTAIMHU MO KYypPCcaM C IIOMOIIBIO KJIABHATYPhI ¥ UCIIOIL30BAHHS
IIPOrpaMM YTEHHMS C SKpaHa.

HccnenoBanue npaBuiibHOCTH peannzanuu cranaapra WCAG B 2JIeKTPOHHBIX YUeOHBIX Kypcax
MIPOBOMIIOCH C HCTIOJIb30BaHMEM Pa3paboTaHHBIX TECTOB B 0Onacti KubepoOesonacHocTH. bouti cpas-
HEHbI TAK)Ke OKOHYATEJIbHBIC PE3YJIBTAThl TECTOB, IIPUTOTOBIEHHBIX B COOTBETCTBUU C PEKOMEH AL -
smu WCAG n 6e3 WCAG. B uccrienoBanuy NpUHSUTN y4acTHe CTYyACHTHI (haKyibreTa nHGOpMaTHKU
JIr00MMHCKOTO MOTUTEXHIUYECKOTO YHUBEpCUTETa. Pe3ynbTaThl NCCIeJOBaHNSI CBUAETEILCTBYIOT
0 IpaBOMEPHOCTH ucnosb3oBanus pekomennanuii WCAG npu pa3zpabotke 006pa3oBaTeIbHOTO
KOHTEHTA IS CTYJICHTOB.

KaroueBsle CJI0Ba: JEKTPOHHOE 00ydYeHHe, CO3JaHue YIIPaKHEHHH, MyITbTUMETUHHbIE KyPCHI,
WCAG
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