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Abstract—The sudden transfer of in-class education to remote teaching and
learning due to the COVID-19 pandemic was stressful for all, particularly for the
differently abled students. It seems that most of them were literally abandoned
and missed out on their education. The learning results of those who were
enabled to remotely learn significantly decreased, undermining their already low
self-esteem. Even hybrid education challenged the inclusiveness in primary and
secondary schools, disabling children with special needs to learn and actively
participate in education. On the other hand, remote education enabled modern-
ization of traditional education that will soon become part of the new normal. The
main prerequisite to incorporating remote learning and teaching as a complemen-
tary part of education is to adapt it to all students, regardless of their abilities. Our
major motivation presented in this paper was to resolve the dilemma of whether
the essential groundwork for the inclusiveness of remote education exists. The
research behind it examined the accessibility of learning management systems,
audio and video teleconferencing applications, and massive open online courses,
which are crucial to the move from onsite to online education. Four impairments:
motor, vision, hearing and cognitive were carefully explored in line with WCAG
2.1 recommendations. The current state of the synergy between the components
was assessed carefully and thoroughly. For each of the four impairments, the
compliance with WCAG 2.1 is presented in detail and discussed. Based on the
research findings, recommendations for making remote learning more accessible
to students with special needs are proposed, with the goal of enabling everyone to
receive a broad education without discrimination based on disability.

Keywords—accessibility, remote learning applications, inclusive education,
WCAG

1 Introduction

In 2021, UNICEF reported that since March 2020, around 170 million out of 1.6
billion pupils worldwide were completely absent from school [1, 2]. Furthermore,
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45 million children have missed three-quarters of the previous and current academic
year [2]. A joint survey by UNESCO, UNICEF and the World Bank revealed that over
90% of the countries switched to remote learning, involving radio, TV, and the Inter-
net [3]. In all these reports, special-needs students were almost completely neglected.
They are only mentioned in the joint survey [3], which is related to the development of
dedicated applications intended to enable communication between students and peda-
gogical professionals. Additional efforts associated with the creation of an alternative
approach that increases information access and equal opportunity to education seem
to be ignored. This motivated us to examine whether remote education restricts equal
educational opportunities to students with disabilities.

To avoid the threat of disabling education for their students, most schools, partic-
ularly upper secondary and higher education, immediately moved from traditional
in-class education to online teaching and learning by the end of March 2020 [2]. This
was not a victimless activity. The replacement of face-to-face education by remote
activities has considerably affected the schools, the teachers, and the students.

Schools had to immediately adapt their existing infrastructure to support online edu-
cation. For many higher education schools, this was not a challenging task because
they had already strongly supported online education relying on learning management
systems [4]. However, many schools had no experience in providing remote education
[5] and were obliged to decide which learning management system (LMS) would most
effectively support access to existing learning resources, assignments, tests, and prac-
tical exercises without delay. The second crucial decision was the selection of a corre-
sponding audio and video teleconferencing (AVT) tool, which is compatible with the
selected LMS and enables smooth, scalable, and technically undemanding communica-
tion. To support the assessment, schools were supposed to determine how to organize
the exams and to provide the best protection against students’ scams, including secure
browsers and monitoring via video chat or via video streaming applications. After fin-
ishing the selection process, schools had to train teachers to use these services within a
very short period of time [6].

Teachers, who play a critical role in the educational process, were forced to rein-
vent themselves and adapt their teaching methods to the new environment [7]. They
were supposed to learn how to use the technology to successfully create an active
online learning environment. Their responsibility was to develop many techniques that
stimulate interactivity during lectures, to transform the teaching and learning habits,
facilitating the creation of a pleasant environment that motivates students to persist,
and to find attractive ways to initiate collaboration [8]. Moreover, they had to engage
parents, whose main role was to support the remote attendance of lectures and learn-
ing of their children, and to monitor their involvement in alternative education [9].
Many parents were not ready to take on these new responsibilities, either because they
didn’t know how to use technology or because the pandemic forced them to have more
responsibilities.

The major goal of education is to prepare students for a life of learning and gaining
new knowledge and skills [10]. To cope with the pandemic, learners had to accept new
technological activities even when their home infrastructure was insufficient to enable
access to remote learning resources [11]. An additional effort was to find a good moti-
vation to persist with the imposed school rules [12]. Students’ duty to focus on-screen
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for hours, to learn and prepare their assignments without the support of teachers and
schoolmates, affected their learning achievements [13]. The greatest challenge of the
online environment was to suppress the impression of being left alone [14, 15].

The impact of the school closure due to COVID-19 was stressful for everyone, but
especially for students with special needs. For decades, pre-school and school children
have been supported by teaching assistants, whose role was to contribute to the inclu-
sion of children with different disabilities in mainstream schools [16]. In many inclu-
sive schools that were not closed due to the COVID-19 pandemic, teaching and learning
continued through the implementation of a hybrid mode, which combines online learn-
ing with a face-to-face model [17]. Younger students attended the lectures at school and
then continued at home, relying on online education. Their socio-emotional and aca-
demic learning outcomes depended on the devotion of their teachers and particularly
on the active engagement of their parents, who had to balance their own responsibilities
and struggle with the new role imposed by remote learning [18]. The teachers’ and par-
ents’ sacrifice was crucial and valuable because the consequences of disregarding the
educational needs and emotional balance of disabled children are irreversible.

According to a UNICEF report [2], students with disabilities who were forced to
shift to online education were literally abandoned [2]. This resulted in the exclusion
of many impaired students from education [19]. In parallel, the results of those who
were enabled to remotely learn significantly decreased [20], which additionally under-
mined their already low self-esteem [21]. All these proofs were the motivation to check
whether the essential groundwork for remote education exists. It depends on the acces-
sibility of the applications enabling online teaching, learning and assessment, as pre-
sented in Figure 1.

LMS Teaching and
Assessment

AVT Teaching

MOOC Leaming

Fig. 1. Synergy of applications enabling efficient online teaching, learning, and assessment

The development of accessible online environments is usually evaluated with
these two guidelines and standards: Web Content Accessibility Guidelines 2.1 [22],
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and Section 508 of the Vocational Rehabilitation Act of 1973, upgraded in 2017
[23]. As stated by [24], the main goal of the Web Content Accessibility Guide-
lines (WCAG) is “to ensure that Web content is accessible to as many people as
possible”. It was approved by the ISO/IEC/TC Information Technology Technical
Committee in 2012 [25].

In university settings, prior to COVID-19, we experienced several challenges related
to students with various disabilities. Students with motor disabilities, such as cerebral
palsy or polio, had many problems during time-limited examinations. To enable them
to have equal conditions, all the time limits were either relaxed or completely removed.
On the second midterm exam in the Introduction to Computer Science course, they
were supposed to show mastery of image editing and desktop publishing. The lack
of alternative input methods apart from the mouse was the major reason for dropping
out of the faculty after the first semester, even if they were successful in the theoret-
ical courses. We had several students with impaired hearing and vision. They were
supported by their teachers, assistants, and mates, but no accessibility options were
activated in the labs. Deaf and blind students have never even tried to enroll in engi-
neering studies, primarily because the faculty does not offer teaching in sign language
and books written in Braille script. Several students with dyslexia have successfully
studied, with great support from the teaching staff.

During COVID-19, it was crucial to promptly switch to remote teaching and learn-
ing. All the students with impaired hearing and vision were in their final year of stud-
ies. They were offered an alternative way to access their lectures and study materials.
The exams were organized outside of the regular exams on a person-to-person remote
communication basis. It was time-consuming for their teachers, but in the absence of
any accessible solution, this was the only way to enable them to successfully finish the
enrolled courses and graduate. Since there were no other students with these disabili-
ties, the corresponding accessible solutions were not added to the faculty learning man-
agement system Moodle and the audio and video conferencing tool BigBlueButton.

Based on the facts elaborated in the beginning of this section and the experience
with differently abled students, we were motivated to find the answers to the following
research questions:

RQ1: Are students with various disabilities restricted from continuing their education
during the emergent remote education circumstances triggered by COVID-19?

RQ2: Is there an essential groundwork for inclusive online education?

RQ3: Are the existing applications intended for remote education compliant with the
web accessibility guidelines?

The rest of the paper is structured as follows: The second section highlights the
related work and background knowledge. It emphasizes the transition to remote edu-
cation, its challenges, and barriers. In addition, it also introduces the most widely used
accessibility options. Due to its international recognition and wider applicability to
wider categories of disabilities, the assessment of accessibility options of the three
mutually interconnected applications is conducted using Web Content Accessibility
Guidelines 2.1 [22]. This approach is explained in the third section. The results of the
assessment are presented in the fourth section, where we carefully explore teaching and



learning components aiming to evaluate how much they accommodate the educational
needs of students with motor, vision, hearing, and cognitive impairments. Within the
fifth section, research questions are answered. Based on the findings of the research, the
paper concludes with recommendations on how to make online learning more acces-
sible to students with special needs, allowing for a broad education for all without
discrimination.

2 Related work and background

The ongoing pandemics triggered a rapid shift to online and remote education,
exposing some of the shortcomings of traditional learning platforms and infrastruc-
tures as well as new opportunities for developing sustainable and accessible solutions.
The body of knowledge has evidenced a significant growth in terms of the quantum of
published papers related to COVID-19 and online learning implications. A thematic
recommendation for future sustainable programs and the teachers’ perspective in terms
of distress, loneliness, and happiness during the COVID19 outbreak were addressed
in [26, 27, 28, 29]. Another investigation of teachers’ opinions was conducted by [30],
whereas the digital activism of students in the COVID19 era was explored in [31].

However, the research is very scarce towards examining the challenges of disabled
learners during the pandemics, including an accessibility investigation of the learning
platforms. As indicated by [32], accessibility issues for learners with hearing impair-
ments were hampering continued learning and impacted learners’ well-being and
confidence. In [33], the authors highlighted the need for a teacher support system to
strengthen the online class competency of special education teachers and recommended
a continuum of learning opportunities to foster effective communication.

Accessibility challenges and barriers to the successful design and exploitation of dig-
ital resources in the emerging remote education context are explored by [34]. Among
different findings and considerations, the creation and the utilization of open educa-
tional resources were identified as a necessary step to bridge the accessibility-related
obstacles of digital teaching in inclusive education settings. Interactive teaching strate-
gies advocating for compassion and accessibility and using open educational resources
to promote equity in education were suggested by [35]. The application of accessibil-
ity review methodologies with transversal actions in the creation and management of
learning resources and MOOCs (Massive Open Online Courses) is suggested in [36].
The authors claim that this approach could ensure inclusive and equitable quality edu-
cation for all. An analysis to explore design criteria for learning applications that favor
the learning process and meet the needs of people with disabilities, equal opportunities,
and universal accessibility was conducted by [37]. In another work [38], the e-learning
experiences of deaf learners during the pandemics are investigated. The findings from
this study identified several relevant issues, where the inaccessibility of content from
the learning systems was one of them.

A universal design-based framework for addressing accessibility issues in learning
platforms and for making online learning more equitable and inclusive is proposed
by [39]. The author believes that such an approach can contribute to achieving a new
normal post-pandemic and involves designing inclusive learning opportunities for all
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learners. An exhaustive survey of relevant papers was performed by Russ and Hamidi
[40], aiming to shed light on the accessibility of learning platforms at the time of the
COVID-19 crisis. Among the numerous findings, the authors also emphasize how
accessible content can prevent increasing opportunity gaps.

When it comes to the accessibility of video conferencing tools, an evaluation study
to test the accessibility of Zoom, Google Meet, and MS Teams with visually impaired
users was conducted by [41]. The findings showed that, although Zoom was preferred,
none of the tools were found to be fully accessible via keyboard and screen reader.
Furthermore, an investigation of the accessibility properties of Zoom to improve equity
in the classroom was performed by Dolamore [42]. This study recommends that the
spotlight feature and backchannel button can further enhance the accessibility of the
learning experience for all learners, claiming that incorporating these features is critical
for creating a more inclusive learning environment.

3 Overview of WCAG 2.1 and its impact on accessible
education

Online learning can impose unique challenges on students with disabilities, many
of which rely on physical and occupational therapy, after-school programs, and other
support services that are difficult to replicate online. This was the major reason for
the World Wide Web Consortium (W3C) to create an exhaustive list of guidelines for
web developers who build accessible web pages for people with disabilities [22]. The
referenceable technical standards in the form of guidelines and resources are united
within WCAG: Web Content Accessibility Guidelines [22], which is expected to ensure
a single standard for web and mobile accessibility.

WCAG 2.1 is a wide collection of recommendations intended to assess and enable
better accessibility of web content that was approved by the ISO standard /ISO/IEC
40500:2012. 1t is hierarchically organized, starting with the four layers of guidance that
encompass: principles, guidelines, success criteria, and techniques. Web accessibility,
which is crucial for online higher education of special-needs students, is further divided
into four principles: perceivable, operable, understandable, and robust (See Figure 2).
Each principle has guidelines that suggest the success criteria corresponding to the four
principles.



[ Perceivable ] [Understandable]

Text alternatives' Readable

Time-based media

Predictable

Adaptable

Input assistance

Distinguishable

Keyboard accessible

Compatible

Enough time
Seizure and reactions

Navigable

Input modalities

[ Operable ] [ Robust ]

Fig. 2. The four principles of WCAG 2.1

The guidelines are divided based on their success criteria. Due to their volume, they
are not presented in the hierarchical tree. They are testable, so they will be examined
in detail in the following section. Success criteria progress from the lowest level of
conformance (A) to the highest level of conformance (AAA).

WCAG 2.1 presents a range of techniques, divided into sufficient, advisory, and
failures. Sufficient techniques cover the essential ways to meet the success criteria,
whereas advisory techniques are recommendations to improve accessibility, while fail-
ures present the major accessibility barriers. The upgraded version of WCAG 2.2 was
drafted in May 2021, and it is still under review [43].

As mentioned in the introduction, this paper is concerned with the following four
impairments: motor, vision, hearing, and cognitive. The explanation of WCAG 2.1 lev-
els of guidance and the corresponding success criteria for each of the selected impair-
ments will be presented in more detail in the following subsections.

3.1 Motor impairment

Remote learning is challenging for students with motor skills disorders, who are
frequently incapable of making purposeful movements with precision due to tremors
or muscle slowness. For example, dyspraxia, which affects 5-6% of people, limits
their fine and gross motor skills [44]. Although most schools have developed robust
e-learning programs, especially due to the COVID-19 pandemic, many students still
struggle with executive functioning and technology skills needed to succeed during
online instruction. Among others, they may require a lot of supervision to stay on
task. This is also due to technical difficulties that might appear during Zoom classes
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(e.g., video is blocky and keeps freezing, application crashes, audio problems, etc.), and
since in many families, parents cannot be around all the time with their school children,
this can be quite overwhelming [45].

Applications suitable for students with motor impairment must meet the following
operable guidelines:

1. Keyboard accessibility (guideline 2.1)

Students with tremors or muscle slowness usually have difficulty using the mouse
for navigating through the web. Therefore, it is preferred to provide them with the use
of'a keyboard. All the four success criteria of this guideline: keyboard (success criterion
2.1.1), no keyboard trap (2.1.2), keyboard (exception) (2.1.3), and character key short-
cuts (2.1.4) are important for motor-impaired students.

2. Enough time (guideline 2.2)

Students with motor impairments need more time to read, react, and complete activ-
ities than average students. Although all the success criteria are important for them,
our experience of examining two students with mild cerebral palsy indicates that they
needed fewer time constraints. The success criteria that we used within our examina-
tion site was timing adjustable (2.2.1). For more severe problems, no timing (2.2.3) is
a better solution.

3. Input modalities (guideline 2.5)

Some webpages use complex and timed motions, demanding a precise and instan-
taneous reaction. Similarly, to the need for more time, an alternative method of input
should be provided to enable students with motor impairments to interact with the con-
tent via single untimed pointer gestures. Three of the success criteria within this guide-
line are important for motor-impaired students: pointer cancelation (2.5.2), motion
actuation (2.5.4), and target size (2.5.5).

All user interfaces should be understandable per se for all the students. For the motor
impaired, predictable content is a complement to guideline 2.2, so the final desired fea-
ture of the learning application is:

4. Predictable (guideline 3.2)

This parameter provides an easy way to determine how to complete the tasks using
the fewest keystrokes. In other words, predictability will reduce the risk of acciden-
tal change in the context. The two critical criteria are focus (3.2.1) and input (3.2.2).
A recent study four-times

3.2 Vision impairment

A recent report by the American Foundation of the Blind [46] estimated that more
than half a million US students have some vision difficulties, one tenth of them being
blind. The World Health Organization [47] calculates that approximately 1 billion peo-
ple have moderate or severe vision problems, with a four-times [48] higher prevalence
in countries with low or middle income. According to [49], the two main difficulties



vision-impaired students experience are related to accessing and using the online tools.
Inaccessibility is considered to be the main problem for acute vision impaired users
because WCAG 2.1 guidelines do not consider the accessibility of learning materi-
als that are uploaded in the learning repositories. Consequently, it is crucial to under-
stand the needs of visually impaired users in order to design an effective and accessible
e-learning environment [49]. A survey of vision impaired students revealed that the
ratio of accessing teaching materials via laptop computers and via smartphones was 2:1
[50]. The preference for larger displays is mainly because the essential concepts like
tables, graphics, disabled, and visualization elements are stored and presented as raster
graphics, better known as bitmaps [51]. Raster graphics disable students with low vision
to scale illustrations, including diagrams, restricting their perception, and understand-
ing of what is being taught. Armstrong listed three obstacles related to this division:
visual presentation of the learning materials, inappropriate design of web-based content
and lack of play and experimentation in a computer environment [52]. These obstacles
confirm the doubt that online learning can cause digital marginalization and dichotomy
of students with vision disabilities, who, as a result, lose their self-confidence due to
emotional blocks that hinder their participation in online education [53]. The univer-
sal solution for vision-impaired students is text alternatives [54]. They unite non-text
content in the form of pre-recorded or synthetized speech to present the content and
speech recognition applications intended to interpret written commands, notices, and
automatic assessments into spoken content [55].

The following text is focused on the most convenient WCAG 2.1 guidelines and
success criteria that an online environment should provide. A perceivable principle is
crucial for both vision and hearing-impaired students. Namely, most content is avail-
able either in a visual or an audio format. To avoid the barrier of disabling access to
educational content for students with severe perception disabilities, online content must
be alternatively presented to enable recognition and understanding. Within this princi-
ple, four guidelines are important for students with vision deficiency:

1. Text alternatives (guideline 1.1)

Text alternatives provide an alternative way of presenting the visual content using
large print, speech, Braille display, symbols, and a simpler language. Non-text content
includes time-based media. Their minimum requirement is descriptive identification.
This guideline consists of only one criterion: non-text content (1.1.1).

2. Time-based media (guideline 1.2)

Pre-recorded audio content is an appropriate alternative for the vision impaired with
no hearing or cognitive problems. They encompass several success criteria that are
important for the vision impaired: audio only (1.2.1), captions (1.2.2), limited audio
description (1.2.3), live captions (1.2.4), complete audio description (1.2.5), extended
pre-recorded (1.2.7), and live audio only (1.2.9).

3. Adaptability (guideline 1.3)

Adaptability embraces various ways to present the content, including simpler screen
layout, content presentation in different screen sizes without losing context, as well as
content interpretation with speech. This approach is the most effective way of presenting
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visual content for students who have sight problems. The recommended success criteria
should be “programmatically determined” (W3C, 2018). The success criteria related
to seeing disability are: info and relationships (1.3.1), meaningful sequence (1.3.2),
sensory characteristics (1.3.3), and orientation (1.3.4).

4. Distinguishable (guideline 1.4)

Students with visual impairment need to distinguish the main or core content from
the web page background. To fulfill the guidelines, web-accessible content should con-
form to most of the proposed success criteria: color (1.4.1), contrast (minimum) (1.4.3),
text resize (1.4.4), text images (1.4.5), contrast (enhanced) (1.4.6), text images (no
exception) (1.4.9), reflow (1.4.10), non-text contrast (1.4.11), text spacing (1.4.12), and
content on hover or focus (1.4.13)

Operability is almost as important to students with vision deficiency as it is to stu-
dents who have motor impairment. Here are the main guidelines suitable for these
students:

5. Keyboard accessibility (guideline 2.1)

The content becomes functionally available by allowing students with vision impair-
ments to access all parts of the onscreen content and use the keyboard to activate it. The
corresponding success criteria for them are: keyboard (2.1.1), no keyboard trap (2.1.2),
and keyboard (exception) (2.1.3).

6. Enough time (guideline 2.2)

Students with vision impairments need more time to read or use the content. Imposed
time limits should be avoided as much as possible. To fulfill this goal, time adjustable
(2.2.1), no timing (2.2.3), interruptions (2.2.4), and timeouts (2.2.6) are the necessary
success criteria.

7. Navigable (guideline 2.3)

Navigable features help students with vision (2.4.7) to easily understand where
they are on the webpage and to easily go through the content. They include page titles
(2.4.2), focus content (2.4.3), link purpose (in context) (2.4.4), multiple ways (2.4.5),
headings and labels (2.4.6), focus visible (2.4.7), and section headings (2.4.10).

8. Input modalities (guideline 2.5)

Input modalities are important to provide vision impaired students with alterna-
tive input devices, including mice, touch screens, and particularly assistive technolo-
gies, such as speech-to-text, that enable students to verbally express their choices. For
vision-impaired students, the following success criteria are required: pointer gestures
(2.5.1), pointer cancellation (2.5.2), and label in name (2.5.3).

Understandable features are divided into three groups of guidelines: readable, pre-
dictable, and input assistance.



9. Readable (guideline 3.1)

Text content readability and the ability to understand the educational content are
related to add-ons that are used to interpret the presented text and content as speech.
Therefore, all the suggested success criteria: language of page (3.1.1), language of parts
(3.1.2), unusual words (3.1.3), abbreviations (3.1.4), and particularly reading level
(3.1.5) and pronunciation (3.1.6) should be taken into consideration when creating the
educational content intended for vision-impaired students.

10. Predictable (guideline 3.2)

Completion of tasks using the fewest keystrokes can also be beneficial to students
with minor or severe vision deficits. All the five success criteria: on focus (3.2.1), on
input (3.2.2), consistent navigation (3.2.3), consistent identification (3.2.4), and change
on request (3.2.5) will prevent the accidental change of the content.

11. Input assistance (guideline 3.3)

Input assistance is a complementary quality of readability and predictability that
provides visual clues to people using specific national conventions, like national tele-
communication standards. Therefore, they are not additionally examined in this paper.
Robust content is explained as content that “can be interpreted by a wide variety of
user agents, including assistive technologies” [56]. Robustness consists of one guide-
line only: compatibility, referring to the possibility to access digital content on dif-
ferent infrastructures, including devices, browsers, operating systems, and assistive
technology.

12. Compatible (guideline 4.1)

Compatibility as a crucial software quality criterion is the main parameter that sup-
ports the unification of assistive technologies with the visible onscreen content. Parsing
(4.1.1) and status messages (4.1.3) are the main compatible success criteria intended
for the vision impaired.

3.3 Hearing impairment

Hearing impairment affects 430 million people worldwide, including 34 million
children, the majority of whom are from low-or middle-income countries [57]. The
hearing impaired mostly rely on the use of technology such as hearing aids or cochlear
implants [58]. In the online environment, their challenges arise. Due to their inability
to clearly understand others, these students hardly concentrate, frequently become tired
or stressed, and avoid participating in the discussions. Moreover, the distortion of the
sound and the noise from unmuted microphones additionally affect their participation
in online meetings, making them feel more marginalized. To overcome the drawbacks
imposed by this impairment, online learning materials should provide real-time text
captioning for all audio, video, and multimedia presentations that are placed on learn-
ing platforms or websites [58]. Many innovative technologies have been invented to
support the learning of hearing-impaired students, like speech-to-text recognition [59],
virtual reality [60], 3D audio [61], and AAC [62].
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According to WCAG 2.1, accessibility of web content for students with hearing
impairments should embrace the following five guidelines:

1. Time-based media (guideline 1.2)

For students who are hearing impaired, pre-recorded video content (1.2.1),
pre-recorded captions in synchronized media (1.2.2), and sign language (1.2.6) can
significantly facilitate the acquisition of new knowledge and the visual interpretation of
verbally presented content.

2. Adaptable (guideline 1.3)

Although online content is predominantly visual, and audio content is supported
with subtitles, a simpler layout can additionally facilitate awareness. To achieve this
goal, it is sufficient to support information and relationships (1.3.1).

3. Distinguishable (guideline 1.4)

Distinguishable content is valuable for students with hearing problems because they
need to use and read the content from a webpage with appropriate foreground sound.
If they are not completely deaf, audio control (1.4.2) and low or no background audio
(1.4.7) will help them listen to the audio content more clearly without additional sound
distractions.

4. Enough time (guideline 2.2).

Students with hearing impairments who communicate using sign language need
more time to read information printed in text. Control over time limits is also important
if a sign interpreter clarifies audio content for them. The most important success cri-
teria of this guideline for hearing impaired students are: timing adjustable (2.2.1) and
re-authenticating (2.2.5).

5. Predictable (guideline 3.2)

Similarly, for the vision impaired, completion of tasks using the fewest keystrokes
can be beneficial to students with minor or severe hearing problems. Again, all the
five success criteria: on focus (3.2.1), on input (3.2.2), consistent navigation (3.2.3),
consistent identification (3.2.4), and change on request (3.2.5) are important to prevent
the accidental change of the context, particularly when the explanation of the intended
modification is orally presented.

3.4  Cognitive impairment

“Cognitive impairment” refers to problems people have with cognitive functions
such as thinking, reasoning, memory, or attention [63]. Even though they don’t need
special tools when they navigate and browse web pages, they typically need more
time to interpret the content. Therefore, it is important to develop a regular school and
classroom community that fits, nurtures, and supports the educational and social needs
of every student [64]. Students with cognitive impairments have some characteristics
that affect their classroom performance. Based on the study Instructional Strategies for



Students with Cognitive Impairments Study Guide [65], the challenges they face are
short attention span, little endurance, low motivation, getting tired easily, poor memory
skills, and trouble forming thoughts into words to communicate their needs and wants.
Accessibility of webpages for students with cognitive impairments is a greater chal-
lenge compared to other types of disabilities. Since this impairment is considered to be
the least understood, most of the data found or published is from a clinical point of view
that is not related to website accessibility. Due to this lack of data, WCAG 2.1 has man-
aged to help users with cognitive impairments through success criteria that will make
a web page accessible for them. The following paragraphs present them in more detail.

6. Adaptable (guideline 1.3)

Our personal experience with students with mild cognitive impairment is that they
communicate better with images. They prefer to add icons to input fields so they can
understand the purpose of the fields visually. The most important success criteria for
this type of impairment are to identify input purpose (1.3.5) and input purpose (1.3.6).

7. Enough time (guideline 2.2)

Students with various cognitive impairments, such as dyslexia, need more time to
read and comprehend the content of a webpage. They tend to read the information by
pausing the content of a webpage. All the six success criteria: time adjustable (2.2.1),
no timing (2.2.2), pause, stop, hide (2.2.3), interruptions (2.2.4), re-authentication
(2.2.5), and timeouts (2.2.6) are important for them.

8. Navigable (guideline 2.4)

Students with cognitive impairment prefer organized content to easily navigate
through the web and to have an intuitive overview of the site rather than reading and
traversing through several web pages. To achieve this objective, these seven success
criteria must be considered: bypass blocks (2.4.1), page titles (2.4.2), link purpose (in
context) (2.4.4), multiple ways (2.4.5), headings and labels (2.4.6), location (2.4.8), and
link purpose (link only) (2.4.9).

9. Readable (guideline 3.1)

Cognitively impaired students need additional content to help them understand dif-
ficult and complex text that appears on screen. Similarly, for the vision impaired, the
content should obey all the success criteria: language of page (3.1.1), language of parts
(3.1.2), unusual words (3.1.3), abbreviations (3.1.4), and particularly reading level
(3.1.5) and pronunciation (3.1.6).

10. Predictable (guideline 3.2)

The intuitive structural order of repeated components makes students more comfort-
able, and they can easily find the things on each page. Out of the five success criteria
belonging to this guideline, these three: focus (3.2.1), consistent navigation (3.2.3), and
change on request (3.2.5) are important for students with cognitive impairment.
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11. Input assistance (guideline 3.3)

Students with cognitive impairment need the notices for the errors occurring on a
webpage due to their activities, so they will be able to understand what they should do to
correct that error. In other words, students should be provided with clear, unambiguous
labels and instructions so they can enter information correctly. All the six success cri-
teria: error identification (3.3.1), labels of instruction (3.3.2), error suggestion (3.3.3),
error prevention (legal, financial, data) (3.3.4), help (3.3.5), and error prevention (all)
(3.3.6) completely or in parts, will assist all the impaired students, but particularly the
students with cognitive deficiencies.

4 Assessing the conformance of learning platforms
to WCAG 2.1

After making a thorough review of several technical journals [66], marketplaces
[67], and knowledge sharing platforms [68], we decided to evaluate the following
learning management systems: Blackboard Learn (blackboard.com/), D2L Brightspace
(d2l.com/), Instructure Canvas (instructure.com/canvas), and Moodle (moodle.org/).
Blackboard and D2L are proprietary, while Canvas and Moodle are open source.

This section will explore how much the functionalities of most popular learning
management systems, the most frequently used audio and video telecommunication
tools, and the most popular massive open online courses conform to WCAG 2.1 guide-
lines. The bigger the conformance, the more successful is the replacement of traditional
education with completely online teaching, learning, and assessment.

For this analysis, we followed the method of functional analysis, proposed by
Lowgren and Stolterman [69]. The main purpose of this method is to summarize and
structure the available functional information and to decide where more information is
needed in a particular context, which in our case is accessibility. Hence, the idea behind
function analysis is to express what the future product should do in terms of func-
tions in order to meet certain requirements or criteria. Moreover, Landqvist [70] defines
function analysis as a process for summarizing and structuring given information and
determining where further information is required.

4.1  Accessibility of learning management systems

This section is centered on the analysis of the degree of accessibility of learning
management systems from the point of view of WCAG 2.1 guidelines across the four
types of impairments.

Students with motor impairment. The conformance of selected guidelines and
success criteria for motor-impaired students is presented in Table 1. Blackboard has
a specialized product, Ally, created for students with various disabilities. According
to Ally’s checklist [71], the conformance to WCAG 2.1 level AA is complete. On the
other hand, with a more thorough examination, it shows that only 18.18% of the suc-
cess criteria selected in the previous section conform to WCAG 2.1. D2L Brightspace
explicitly declares full conformance with WCAG 2.1 level AAA. The Brightspace core


http://blackboard.com/
http://d2l.com/
http://instructure.com/canvas
http://moodle.org/

list shows that 63.64% of the success criteria, important to motor impaired students, are
fully supported by this LMS.

Table 1. Comparison of the conformance of selected LMS to WCAG 2.1
for motor impaired students

Motor Impairment
N Success Blackboard D2L Instructure
Guideline Criterion Learn Brightspace Canvas Moodle
Keyboard Supports Partially Partially Partially
(2.1.1) supports supports supports
No keyboard | Not considered | Supports Supports Supports
trap (2.1.2)
Keyboard - - -
accessible Keyboard Not considered | Not considered | Not considered | Not
2.1 (exception) considered
(2.1.3)
Character Not considered | Supports Not considered | Supports
key shortcuts
(2.1.4)
Timing Supports Supports Supports Supports
. adjustable
éﬂ;);lgh time 22.1)
' No timing Not considered | Not considered | Not considered | Not
(2.2.3) considered
Pointer Not considered | Supports Supports Supports
cancelation
(2.5.2)
:rrllcr::il:ilities Motion Not considered | Supports Supports Not
2.5) actuation applicable
’ (2.5.4)
Target size Not considered | Not considered | Not considered | Not
(2.5.5) considered
On focus Not considered | Supports Supports Supports
Predictable (3.2.1)
(32) On input Not considered | Supports Supports Supports
(3.2.2)

Henceforth, this was the major reason it was awarded the best solution for students
with special needs [72]. Instructure Canvas has recently published a report presenting
the conformance to WCAG 2.1 levels A and AA [73].
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Fig. 3. Success criteria for people with motor impairment and their presence in the selected
learning management systems

Statistical distribution of the compliance with the selected success criteria related
to motor impairment is presented with the chart on Figure 3. It uses the keywords:
“not applicable”, “partially supports” and “supports,” according to WCAG 2.1 recom-
mendations. Whenever none of the following three compliance categories was indi-
cated for the selected success criteria, we decided to mark it as “not considered”. It
shows that D2L Brightspace is the most suitable LMS for the motor impaired, while
Blackboard Learn supports only 2 out of 11 selected success criteria, neglecting all the
remaining ones.

The only success criterion for the motor impaired that is inferior to Brightspace is
the lack of character key shortcuts, making Canvas a very accessible LMS for these
students. Moodle is the only LMS on our list with a WCAG 2.1 Level AA accreditation
badge for 2021 and 2022. According to their accessibility conformance report [74],
the fulfillment of accessibility success criteria is equal to Canvas, with an alteration
between character key shortcuts and motion actuation.

All the assessed LMSs have not taken these three success criteria into consideration:
keyboard (exception) (2.1.3), no timing (2.2.3) and target size (2.5.5). They all belong
to the highest-level AAA, which is not recommended as a general policy for entire sites
according to WCAG 2.1. If they are excluded from the list of compulsory criteria for
motor-impaired students, then the examined LMSs have a very high level of accessibil-
ity intended for students with motor impairment. It ranges between 25% for Blackboard
Learn and a remarkable 93.75% for D2L Brightspace.

Vision impaired students. Because most of the content is presented in textual and
graphical formats, vision-impaired students are the most affected by complete online
learning. Therefore, the list of WCAG 2.1 guidelines and the corresponding success
criteria that are presented in Table 2 is huge. Therefore, for better presentation of the
findings, we have divided them into 3 parts.
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Also, to avoid repetition, all the common success criteria from the previous table
were omitted. The repeated 7 features were included in the estimation of WCAG 2.1

conformance for vision impaired students.

Table 2b. Comparison of the conformance of selected LMS to WCAG 2.1 guidelines
(2.2,2.4, and 2.5) for vision impaired students.

Vision Impairment

(2.5.3)

supports

Guideline Success Criterion Blackboard . D2L Instructure Moodle
Learn Brightspace Canvas
Interruptions Supports Not considered | Not considered | Not
Enough time | (2.2.4) considered
(2.2) Timeouts (2.2.6) | Not considered | Not considered | Not considered | Not
considered
Page titles (2.4.2) | Supports Partially Not applicable | Supports
supports
Focus content Not considered | Partially Supports Supports
(24.3) supports
Link purpose (in | Not considered | Supports Supports Supports
context) (2.4.4)
Navigable Multiple ways Not considered | Not considered | Supports Not
(2.4) (2.4.5) considered
Headings and Supports Not considered | Partially Not
labels (2.4.6) supports considered
Focus visible Not considered | Not considered | Supports Not
(2.4.7) considered
Section headings | Not considered | Not considered | Not considered | Not
(2.4.10) considered
Pointer gestures Not considered | Supports Supports Supports
2.5.1)
Input - .
. Pointer Not considered | Supports Supports Supports
modalities cancelation (2.5.2)
(2.5) =
Label in name Not considered | Supports Partially Supports




Table 2¢. Comparison of the conformance of selected LMS to WCAG 2.1 guidelines
(1.4,2.2,2.4) for vision impaired students

Vision Impairment
D2L Instruct
Guideline Success Criterion Blackboard . fstructure Moodle
Learn Brightspace Canvas
Pointer cancelation | Not considered | Supports Supports Supports
(2.5.2)
Label in name Not considered | Supports Partially Supports
(2.5.3) supports
Language of page | Supports Supports Supports Supports
(3.1.1)
Language of parts | Supports Not considered | Not applicable | Not
(3.1.2) considered
Unusual words Not considered | Not considered | Not considered | Not
Readable (3.1.3) considered
(3.1 Abbreviations Not considered | Not considered | Not considered | Not
(3.1.4) considered
Reading level Not considered | Not considered | Not considered | Not
(3.1.5) considered
Pronunciation Not considered | Not considered | Not considered | Not
(3.1.6) considered
Consistent Not considered | Supports Supports Not
navigation (3.2.3) considered
Predictable Cons;sten? Not considered | Supports Supports Not .
(3.2) identification considered
' (3.2.4)
Change on request | Supports Not considered | Not considered | Not
(3.2.5) considered
. Parsing (4.1.1) Supports Not considered | Supports Supports
Compatible - -
Status messages Not considered | Not considered | Supports Not
(4.1) .
(4.1.3) considered

Similar to motor impairment, statistical analysis was made related to compliance
of the selected success criteria that are important for vision impaired students. It is
presented in Figure 4.
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Fig. 4. Success criteria for people with vision impairment and their presence in the selected
learning management systems

The percentage of fully supported success criteria ranges from 30.77% for Black-
board, 34.62% for D2L and Moodle, to 48.08% for Canvas. Partial support of an addi-
tional 3.85% was found for Moodle, 9.62% for Canvas and 17.31% for D2L. In total,
D2L, with 51.82%, and Canvas, with 57.69% coverage, are the most suitable LMSs for
vision impaired students. Still, the average of 47.60% of completely ignoring success
criteria is disturbing. Among the assessed LMSs, Blackboard (69.23%) and Moodle
(59/62%) overlook more than half of the suggested success criteria.

Combined with the average of 7.69% of not applicable criteria, the impression of the
authors of this paper is that vision impaired students have serious obstacles to attend-
ing online education without additional extracurricular assistance outside the learning
management systems.

Hearing impaired students. The list of selected success criteria for hearing impaired
students consists of 13 WCAG 2.1 standards. The majority of them are applicable to
students with motor and vision difficulties. Therefore, Table 3 presents only the hearing
impairment specific success criteria.

Table 3. Comparison of the conformance of selected LMS to WCAG 2.1 for
hearing impaired students

Guideline Success Criterion Blackboard . D2L Instructure Moodle
Learn Brightspace Canvas
_ Video only (1.2.1) | Not considered | Not applicable | Not applicable | Supports
Time-based - B .
media (1.2) Sign language Not considered | Not considered | Not 4 Not .
(1.2.6) considered applicable
Audio control Not considered | Not applicable | Supports Supports
Distinguishable | (1.4.2)
(1.4) Background audio | Not considered | Not considered | Not Not
(1.4.7) considered applicable
Enough time Re-authenticating | Not considered | Not considered | Not Partly
(1.2) (2.2.5) considered supports
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Fig. 5. Success criteria for people with hearing impairments and their presence in the selected
learning management systems

Statistical analysis is presented in Figure 5. Hard of hearing and deaf students seem
to be ignored by most LMSs that either do not consider WCAG 2.1 recommendations
or declare that they are not applicable. Concerning hearing deficiency, Moodle is unde-
niably the best LMS, fully supporting 53.85% and partially supplementary 1.92% of
all the chosen success criteria. D2L and Canvas support 46.15% of these criteria, while
Blackboard has a low conformance level of 30.77%. The authors’ impression is that
LMSs rely on the hypothesis that the learning content is presented in a written format,
and therefore LMS creators do not pay additional attention to accommodating hear-
ing-impaired students. This fact is supported by the results of the experiment conducted
by Lachner et al. [75], who suggest that written explanations are more effective than
oral explanations.

Cognitively impaired students. Students with cognitive impairment do not nec-
essarily have intellectual problems. For example, we have witnessed several students
with bipolar disorder whose results were exceptional. One of them was always frus-
trated whenever the screen was packed with too much information. This is a unique
case, which motivated us to extend the list of impairments to include the cognitive
one. To accommodate such students, LMSs should conform to a total of 30 success
criteria belonging to 6 guidelines. Table 4 presents only those that were not previously
examined.

As presented in Figure 6, the average percentage of not considered success criteria of
all LMSs is 60.00%, much higher than for any of the previously evaluated impairments.
Respectively, the level of support is low, ranging from 30.00% for Moodle, 33.33% for
Blackboard and D2L, to a modest 40.00% for Canvas.
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Table 4. Comparison of the conformance of selected LMS to WCAG 2.1 for cognitively
impaired students.

Cognitive Impairment

Guideline Success criterion Blackboard . D2L Instructure Moodle
Learn Brightspace Canvas
Identify input Not considered | Supports Supports Not
Adaptable purpose (1.3.5) considered
(1.3) Input purpose Not considered | Not considered | Not considered | Not
(1.3.6) considered
Time adjustable Supports Supports Supports Supports
(2.2.1)
Enough time | No timing (2.2.2) | Supports Supports Supports Not
(2.2) evaluated
Pause, stop, hide | Not considered | Not considered | Not considered | Not
(2.2.3) considered
Bypass blocks Supports Supports Supports Supports
(24.1)
Navigable Location (2.4.8.) | Not considered | Not considered | Not considered | Not
(2.4) considered
Link purpose Not considered | Not considered | Not considered | Not
(2.4.9) considered
Error Not considered | Supports Supports Supports
identification
(3.3.1)
Labels of Supports Supports Partially Supports
instruction (3.3.2) supports
Input Error suggestion | Not considered | Not considered | Supports Not
assistance (3.33) considered
(3:3) Error prevention | Not considered | Not considered | Supports Not
(3.3.4) considered
Help (3.3.5) Not considered | Not considered | Not considered | Not
considered
Error prevention | Not considered | Not considered | Not considered | Not
(all) (3.3.6) considered
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Fig. 6. Success criteria for people with cognitive impairment and their presence in the selected
learning management systems

By merging the selected success criteria for the four impairments: motor, vision,
hearing, and cognition, the supremacy of D2L Brightspace, reported by SIIA CODIE,
is not confirmed. It is noticeable from the chart in Figure 7. Namely, this LMS has
full support of 34.67%, compared to 45.33% of Instructure Canvas. One of the possi-
ble reasons for the inconsistency of the results is that in the assessment presented in
this paper, all the success criteria were considered equally important. This premise is
not completely valid, because some interface components, particularly the perceivable
ones, are inevitable for some impairments. For example, without Braille or speech as
a text alternative (guideline 1.1), blind students will never be able to participate in
online education.
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Fig. 7. Merged success criteria for all impairments and their presence in the selected learning
management systems
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4.2 Accessibility of audio and video teleconferencing tools

The major focus of this research was the following AVTs: BigBlueButton or BBB
(bigbluebutton.org/), Blackboard Collaborate (blackboard.com), Google Meet (apps.
google.com/meet/), Microsoft Teams (teams.microsoft.com) and Zoom (zoom.us), due
to their acceptance for events the authors of this paper participated in since March
2020. Their accessibility is part of the complementary W3C convention called RTC
Accessibility User Requirements [76]. It was created in 2017 but became important
due to the shift to remote communication. Unlike WCAG 2.1, RTC does not offer any
guidelines that are explicitly testable.

The accessibility of BigBlueButton (BBB) is certified according to WCAG 2.0 AA
[77]. Unfortunately, the tutorials for using BBB are not accessible, restricting their
use as a complementary tool for lecturing and examinations. Blackboard Collaborate
has several features that support students with motor, vision, and hearing impairments
[78]. The greatest benefit of using this AVT is its support for the JAWS screen reader
[79]. The main problem is that it can be accessed by Windows operating system users
only. Google Meet offers support for vision and hearing-impaired students’ keyboard
shortcuts [80]. Microsoft Teams provides a large list of supported accessibility features,
including screen reader support [81], whereas Zoom has the same accessibility options
as Google Meet, and it is conformant to WCAG 2.1 AA [82].

BigBlueButton has a large list of so-called LMS integrators [83]. They are either
integrated with the LMS platforms or available as plugins. Blackboard Collaborate is
merged with Blackboard Learn and its accessible version, Ally, providing all the incor-
porated accessible features of both [84]. Blackboard Collaborate is compatible with the
four examined LMSs [85]. Due to its popularity, many LMSs have their own plugins for
Google Meet, including Blackboard, D2L, Canvas, and Moodle. These plugins allow
teachers to create a Google Meet room without leaving the LMS. The only prerequisite
is that all participants, including the teachers and the students, must have an active
Google account. Apart from the four selected LMSs in our study, Microsoft Teams [86]
is compatible with Schoology (schoology.com). Zoom can be easily integrated with a
variety of LMSs via CirQlive MEETS [86].

4.3  Accessibility of massive open online courses

The third component of the online education synergy is massive open online courses
(MOOCs). Like AVTs, the selection was made according to their influence on the
courses created at the universities the authors are affiliated with. Coursera (coursera.
org), edX (edx.org), MIT OpenCourseWare (ocw.mit.edu/), and OpenLearning (open-
learning.com) are all supported.

Coursera [87] offers various accommodations for students with hearing impairments
in the form of multilingual subtitles. Most courses are supported by four different screen
readers, intended for Windows, Mac OS, and mobile operating systems, Android, and
i0S. Coursera enables several additional accommodations for learning disabilities. A
great advantage of the edX accessibility [88] options is the transmission of page text
towards the Braille display device. edX can accommodate motor-disabled students
who provide eye-gaze-activated technology instead of traditional input devices. MIT
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OpenCourseWare, a MOOC offered by MIT, the leading engineering university in the
world, offers many remote teaching tools for disabled students [89]. A great advantage
of this MOOC is the complementary video lectures, which facilitate access to teaching
materials for vision-impaired students. Their activities are harmonized with the online
conferencing tool Zoom, enhanced with closed captioning and automatic transcription
of the meetings. OpenLearning has a large list of accessibility options [90] offered to
students with vision and hearing problems. This MOOC instructs course creators on
how to make accessible documents, spreadsheets, presentations, and other accessible
content with Google and Adobe Acrobat.

5 Research findings

In order to answer the research questions defined in the introduction of the paper, a
thorough assessment of the accessibility of e-learning components in line with WCAG
2.1 recommendations was performed. The findings of the detailed analyses are pre-
sented in the following subsections.

5.1  Are students with various disabilities restricted from continuing their
education during the emergent remote education circumstances triggered
by COVID-19?

The reports presented in the introduction of this paper, as well as the estimates of
the number of impaired students presented throughout the second section, show that
the majority of students from low and middle-income countries were left out, unable
to study. Their fundamental human right to education was violated [2]. Students from
English-speaking and high-income countries, particularly those who are enrolled in
socially responsible universities in rich countries, have already experienced the advan-
tages of online education. Their education has not been significantly affected by the
pandemic [91].

There are still no reports about the number of impaired students who failed or
decided to withdraw from the classes they enrolled in prior to the corona pandemic.
Many students with various disabilities have given up studying due to the obstacles
caused by online teaching, learning, and assessment. For them, teachers’ presence and
interventions are the decisive factors to persist. Even the most person-centered acces-
sibility technologies cannot replace an empathetic teacher who is ready to spend hours
upon hours demystifying the lecture and encouraging students to dive into knowledge.

5.2 Is there an essential foundation for inclusive online education?

The assessment presented in this paper covered the guidelines and the corresponding
success criteria that should be respected to bypass the problems that obstruct students
with motor disabilities from accessing learning resources; the accessibility prerequi-
sites of services intended for the vision and hearing impaired, including deaf-blind stu-
dents; and finally, the embedded add-ons for cognitive impairment. The synergy of the
three e-learning components was carefully and thoroughly examined with the specific
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WCAG 2.1 success criteria, whose presence determines the degree of conformance
with the broader topic.

The essential groundwork for inclusive online education already exists. The observed
LMSs, including the open-source Canvas and Moodle and non-commercial versions of
AVTs, support this inclusiveness. For the essential students’ demands, they are quite
useful. Language drawbacks can be solved by nationally supported localization of the
crucial accessible tools, at least the text-to-speech and speech-to-text applications [92].
Teachers should slightly sacrifice part of their spare time and encourage their disabled
students to persist, knowing that any sacrifice leading to student satisfaction and better
academic success is valuable.

5.3  Are the existing applications intended for remote education compliant
with the web accessibility guidelines?

The learning management systems that were evaluated met the fundamental suc-
cess criteria for students with motor impairment. To enable full participation of
vision-impaired students in remote curricular and extracurricular activities, LMSs must
be additionally upgraded with many success criteria that are currently ignored or omit-
ted. Moreover, they do not sufficiently accommodate hearing impaired students, sup-
porting additional written explanations. Finally, they still miss many add-ons intended
for students with cognitive impairment.

People with various impairments can use audio and video teleconferencing tools
that are WCAG 2.1 compliant, enabling full access to all their functionalities. They
are created to enable mutual online communication for all purposes, despite their
abilities [93]. Moreover, they are fully compatible with LMS platforms. Their integra-
tion has superior accessibility compared to its constituents (AVTs and LMSs), because
some missing features of one component can be compensated for by the second one.
Another interesting fact arising from this evaluation is that Blackboard Collaborate
and Microsoft Teams are compatible exclusively with the LMSs selected in our study,
confirming the validity of our selection.

MOOC:s pay a lot of attention to various disabilities. Despite this initial impression,
only OpenLearning addresses all the four disabilities examined in this paper. These
MOOCs have specific accessibility opportunities for students with motion sensitiv-
ity and cognition disabilities, in addition to tools for low-vision and hard-of-hearing
students. Although the importance of accessibility to online educational resources has
been widely explored [94], there is still a limited discussion and investigation into the
accessible design of MOOC courses. MOOCs do not collect accessibility information
from their learners, which leads to a missed opportunity to obtain comprehensive user
feedback and to deliver a personalized learner experience. We believe that would help
them to better support and improve accessibility over time. According to Ferguson,
Sharple, and Beale [95], MOOC development should follow a path of meeting social
needs while leveraging technological advances, and future research and development
agendas must include cutting-edge accessibility profiling standards.



6 Conclusions and recommendations

The design of sustainable and accessible online learning environments is of para-
mount importance for making information easily available to students with disabilities
so that they can effectively utilize the underlying services and resources. The results
of this review concerning the LMSs indicate that they enable sufficient techniques
intended for students with motor, vision, hearing, and cognitive disabilities. On the
other hand, AVTs additionally reinforce inclusive education because all the popular
tools embed their own inclusive tools. Moreover, all the examined MOOCs are pow-
ered by many inclusive add-ons, enabling additional help for impaired students. This
is very optimistic news that supports the prospective remote teaching and learning
intended for students with special needs. Unfortunately, numerous weaknesses can
severely obstruct that intention.

The first weakness of the accessible applications embedded in the learning man-
agement systems is that they are primarily intended for Windows OS users whose
native language is English. For example, the widely used screen reader JAWS is
Windows-compatible only, and it enables text-to-speech interpretation in English,
Dutch, German, Spanish, and French [79]. Similarly, NVDA access is available for
Windows users only [96]. Its main advantage is the multilingual support, with 50 lan-
guages. Conversely, VoiceOver with Braille is intended for Apple users and for English
only [97]. Localized multilingual cross-platform applications should be of the highest
priority for software developers who create or intend to create accessible applications.

The second barrier restricting inclusive online education is pricing. Although many
add-ons are free, the most powerful tools, such as the adaptable recorded speech
communication device Logan® ProxTalker® Mid-Tech AAC [98], cost more than
3000 USD. The economic consequences of the coronavirus pandemic are disastrous,
so the majority of disabled students cannot afford this luxurious gadget. Even the
mind-mapping tools for cognition-impaired students, like the visual thinking tool Inspi-
ration 10 [99], with an annual price of 67 EUR, are not affordable to many disabled
students. Open source and cloud applications might contribute to overcoming this prob-
lem. Since quality education is a national priority, its development should be supervised
and supported by the national ministries of education.

The last, and probably the most embarrassing problem, is teachers’ lack of experience
in supporting students to learn at a distance [100]. Teachers in developing countries had
to figure out how to help disabled students on their own [100]. Empathy prevailed, and
all the demands of motor and cognitively disabled students were immediately resolved
by modifying the LMS and AVT. Hearing impaired students had supplementary tuto-
rials that helped them understand the recorded lectures. Additionally, it was recom-
mended to empower the presentations with notes that explain the content. So far, we
have never had a student with a severe vision disability. The responsive design of the
used LMS and AVT was sufficient to assist students with a decreased ability to see. The
responsibility of national ministries of education is to continuously support the lifelong
learning of all teaching staff. Preparation for remote education should be regarded as
more important than other retraining activities.
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Given the current trend toward online education, which was additionally empha-
sized during the COVID19 outbreak, an optimal interaction of technological and peda-
gogical standards is needed to ensure that the synergy of learning management systems,
teleconferencing tools, and MOOCs can become both a productive and joyful experi-
ence for people with motor and sensory impairments. National ministries of education
should be aware that online applications are and will remain an inseparable part of
modern education, both in normal and emergency remote education settings. Therefore,
all the efforts should be directed towards empowering the schools with the necessary
accessible tools available in the countries’ official languages. Otherwise, differently
abled students will fall behind their peers, and the gap between rich and poor economic
growth will become deeper.
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