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Abstract

The COVID-19 pandemic forced educational institutions to close and led to a radical transformation of the global educa-
tion system. This process of change had to take place in a short period of time and, as a result, methodologies and learning
tools were adapted. The closure of educational institutions and the disruption to learning impacted all students. However,
vulnerable students, including those with disabilities, were particularly affected due to the lack of preparedness for inclusive
learning during the rapid transition to emergency online learning. One of the many challenges faced by educational institu-
tions during this transition was ensuring web accessibility for students with disabilities. However, it appears that some of the
positive changes that took place in the education system during the pandemic, such as the enhancement of web accessibility,
have been declining recently. The aim of this article is to review how a group of universities responded to the closure caused
by the pandemic from the point of view of web accessibility, whether they improved the accessibility of their websites and
whether this improvement has been maintained over time. To achieve this, the web accessibility of the home pages of selected
universities around the world was evaluated against Web Content Accessibility Guidelines 2.1, for the period from 2018 to
2024. The results show that there was an improvement in web accessibility immediately after the COVID-19 outbreak, but
this trend has not been maintained.

Keywords Web accessibility - Higher education institutions - COVID-19 pandemic - Coronavirus pandemic - Social
exclusion - Persons with disabilities, WCAG 2.1

1 Introduction

During the COVID-19 pandemic, organisations worldwide
turned to the Internet to provide services to citizens [1, 2].
In some countries, essential procedures such as interacting
with the administration, health services, or banks, were only
avaiable online [3, 4]. Companies and individuals had to
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adapt to this situation during and after the pandemic through
digitalisation [1, 5].

The percentage of the population with access to the Inter-
net is increasing, although 33.7 % of the world’s population
still does not have access to the Internet [6]. Therefore, a
significant proportion of the population experienced serious
barriers in coping with the exceptional situation imposed
by the COVID-19 pandemic lockdown [7, 8]. The closure
of COVID-19 presented an unprecedented challenge, par-
ticularly for higher education institutions, which had to turn
to online platforms to continue their activities. This shift to
online learning further highlighted the existing barriers that
persons with disabilities face in accessing online education
[9, 10].

Accessing the Web is not equal to everyone. About 16 %
of the world’s population, estimated at 1.3 billion people,
live with some form of disability and this value is increas-
ing, in part due to the ageing of the population and the
prevalence of non-communicable diseases [11]. Hence, web
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accessibility needs to be monitored to raise awareness for
continuous improvement.

There are more reasons to monitor web accessibility.
First, the performance of the Digital Accessibility Rights
Evaluation Index (DARE) [7] has not improved significantly
in recent years, although it is rising slightly [12]. Second,
non-compliance with the Web Content Accessibility Guide-
lines (WCAG) has led to lawsuits, such as those against the
University of California Berkeley [13] and Harvard Univer-
sity [14]. Third, the 2023 Digital Accessibility Index shows
that only 3 % of the Web is accessible to persons with dis-
abilities [15]. The key findings of this report are that around
56 % of images on corporate websites are not accessible to
persons with visual impairment, 64 % of pages have links
that are not clear to persons with some visual and cognitive
impairments, and 25 % of forms lack clear labels. Fourth,
the 2024 report of The WebAIM Million report shows that
by February 2024, 95.9 % of the pages analyzed have some
WCAG failure. [16].

Monitoring the evolution of web accessibility perfor-
mance is of special importance for higher education. Quality
education is one of the United Nations Sustainable Devel-
opment Goals (UN-SDGs) [17]; because education enables
upward socio-economic mobility and is a key to escaping
poverty. In the information society, equal access to the Web
is essential for inclusive and quality education. Improving
web accessibility compliance can improve the web experi-
ence for all users, whether they have a disability or not [18,
19]. Furthermore, achieving the UN-SDGs requires good
web accessibility policies and compliance [20].

An open question is whether the efforts made by universi-
ties to cope with the COVID-19 pandemic have continued
after the pandemic has ended. This is the motivation for
this research: its aim is to verify, from the point of view
of web accessibility, how a group of universities responded
to the constriction caused by the pandemic, whether they
improved the accessibility of their web pages, and whether
this improvement has been maintained over time. The review
is based on the WCAG 2.1 [21] of the World Wide Web
Consortium (W3C). Although WCAG version 2.2 was
released in October 2023, no automated web accessibility
evaluation tools (AWAETSs) have implemented it yet [22].

As this research aims to assess web accessibility over
a period of time, it needs to make use of a digital preser-
vation project called the Internet Archive,! which is dedi-
cated to preserving the websites of organisations around the
world. The archived home pages of selected universities are
retrieved from the Internet Archive’s Wayback Machine for
all the years from 2018 to 2024.

! https://archive.org/
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Laws and international treaties such as the Convention on
the Rights of Persons with Disabilities (CRPD) [18] enforce
the implementation of web accessibility. The CRPD has con-
ceptualised the accessibility of information and communi-
cation technologies (ICTs) as a prerequisite for the enjoy-
ment of human rights and has led to a number of reforms
in national legal frameworks worldwide. Many studies have
evaluated the level of compliance of websites of different
organisations. Most of these evaluations are very punctual
in time, but this study evaluates the performance of web
accessibility over a period of seven years (2018 to 2024):
the two years before the COVID-19 pandemic, the two years
during the pandemic and the two years after its end. This
general objective is broken down into the following specific
objectives:

e To determine the web accessibility scores of selected web
pages before, during and after the COVID-19 pandemic;

e To evaluate the evolution of web accessibility errors of
selected web pages during the period from 2018 to 2024;

e To measure the level of implementation of Accessible
Rich Internet Applications (ARIA) [23], on selected web
pages during the period from 2018 to 2024.

Web accessibility can be evaluated in three main ways: by
experts in the field, by AWAETS, and by user testing. The
most widely used method, which is less affected by subjec-
tive opinions, is the use of AWAETs. However, a combina-
tion of automated and manual evaluation is recommended,
as these AWAETS do not detect all possible web accessibility
issues [24]. Nevertheless, to ensure that this study can be
reproduced by other researchers, only AWAETS are used.

The remainder of this article is structured as follows.
Section 2 describes the background information needed
to understand web accessibility, its regulation around the
world, and its relationship to the COVID-19 pandemic. Sec-
tion 3 presents the methodology used to collect web acces-
sibility information for the period before, during and after
COVID-19. Section 4 presents the web accessibility results
obtained from selected universities around the world in a
way that is understandable to the audience, according to the
objectives. Section 5 discusses the results and section 6 pre-
sents the conclusions, highlighting possible future work that
could be derived from this study.

2 Background

2.1 Web accessibility regulation and legislation
worldwide

The W3C periodically publishes WCAG, which remains
the standard for evaluating web accessibility [25]. In 2008,
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WCAG version 2.0 was released and in 2012 it became the
ISO/IEC 40500:2012 standard [26]. WCAG 2.0 states that a
web page is accessible if it is perceivable, operable, under-
standable and robust. In June 2018, WCAG 2.1 was released
[21]. To achieve these four principles, WCAG 2.1 provides
13 guidelines, 78 testable criteria and 3 levels of conform-
ance (A, AA and AAA) [27]. WCAG 2.2 was also released
in October 2023; however, no AWAET has implemented it
yet.

The most important current web accessibility laws [28]
are the Americans with Disabilities Act (ADA) and Sec-
tion 508 from the United States of America, the Acces-
sibility for Ontarians with Disabilities Act (AODA) from
Canada, and the Web Accessibility Directive (WAD) and
the European Accessibility Act (EEA) from the European
Union. Some countries around the world have also made
web accessibility mandatory by law and have established
web accessibility certification programmes [29].

Web accessibility is already regulated in many coun-
tries around the world. Each country follows a normative
hierarchy structure similar to Kelsen’s pyramid [30]. In the
European Union, for example, this hierarchy is organised
from top to bottom in the national constitution, European
Union directives, international treaties, national laws and
regulations. Accessibility regulation around the world could
be placed at any level of this hierarchy [31]. For example,
in Ecuador it is in the form of a regulation, “Reglamento
Técnico Ecuatoriano RTE INEN 288" [32], in the European
Union it is in the category of a directive [33], “Directive
(EU) 2016/2102 on the accessibility of the websites and
mobile applications of public sector bodies", in countries
such as the United States, Australia, Argentina, Israel, Can-
ada, Republic of Korea, Switzerland and others, it is in the
form of a law. This law could be about persons with dis-
abilities in general, like the “Section 508 Amendment to the
Rehabilitation Act of 1973 from United States of America"
[34] or the “Disability Discrimination Act 1992 from Aus-
tralia" [35], or strictly related to web accessibility in par-
ticular, like “Ley de Accesibilidad de la Informacién en las
Péaginas Web de Argentina" [36]. However, some countries,
such as Taiwan, Hong Kong, India and others, still regu-
late web accessibility in the form of policies, which may be
translated into legislation in the future. Regrettably, numer-
ous countries still lack any governmental policy regarding
web accessibility [28].

2.2 COVID-19 and web accessibility

The COVID-19 pandemic crisis highlighted the importance
of the Web as a means of communication between govern-
ments and their citizens. The imposition of quarantine dur-
ing the pandemic forced human interaction to take place
through ICT. Several universities and educational centres

continued to offer their courses online, through the Web.
However, some institutions were unable to do it due to eco-
nomic reasons or the digital divide.

The post-COVID-19 era has normalised the Web as
the main way for citizens to interact with e-government,
e-health, e-education, e-commerce and e-entertainment ser-
vices; it has also highlighted the importance of web acces-
sibility in achieving the UN-SDGs and emphasised that the
development must be inclusive. Of the 17 UN-SDGs that
make up this agenda, there are several that contain specific
references to persons with disabilities. These are: UN-SDG 4
on inclusive and quality education; UN-SDG 8 on economic
growth, full employment and decent work; UN-SDG 10 on
the reduction of inequalities; UN-SDG 11 on inclusive and
sustainable cities and communities; and finally UN-SDG 17
on the implementation of the agenda and the necessary alli-
ances [37].

2.3 Related works

Web accessibility of universities is a trendy topic and many
researchers have conducted studies on it. The scope of this
brief literature review is limited to the period from 2018 to
2024. In a previous work [38], we summarized 42 scientific
papers about accessibility evaluation of university websites.
Some of these studies have focused on evaluating general
web accessibility issues of universities around the world
[38—44]. However, the focus of this literature review will be
on the core issue of this research, which is to determine to
what extent web accessibility and its relationship to COVID-
19 has been researched and what aspects are still missing
and need to be addressed.

Acosta et al. [45] carried out an evaluation of the web
accessibility of the universities of the European Union in
times of COVID-19. The aim of this work was to evaluate
the accessibility of the websites of the 1,584 best universi-
ties in the European Union according to the Webometrics
ranking [46], using Pally, an AWAET based on WCAG 2.1.
The results of the statistical analysis showed that the position
in the ranking of European Union universities was not an
indicator of the level of accessibility of their websites. It was
also shown that the percentage of WCAG 2.1 compliance
failures was very similar to the percentage of HTML coding
standard failures. This study highlights the urgent need to
include accessibility features in to the websites of European
Union universities; therefore, web designers, developers and
authorities of educational institutions must reflect and take
decisions to eliminate accessibility barriers and deficiencies
in their websites, since the right of access to education of
persons with disabilities is being violated.

Doush et al. [47] carried out an evaluation of the web
accessibility of Palestinian universities during the COVID-
19 pandemic against WCAG 2.0. They found that the most

@ Springer



Universal Access in the Information Society

violated guideline was empty link, which is related to suc-
cess criterion 2.4.4 Link purpose. The second most violated
error was linked image missing alternative text, which is
related to success criterion 1.1.1 Non-text content. The
obtained results show that the websites of selected university
do not comply with WCAG 2.0 Level A.

Ennam [48] conducted and assessed the COVID-19 pan-
demic forced transition to distance e-learning in Moroccan
universities. About 274 students were interviewed to col-
lect and analyse their perceptions, reactions and attitudes
towards the COVID-19. Much of the data collected testified
to the inadequacy of online teaching/learning, mainly due to
low web accessibility/affordability.

Russ et al. [49] investigated the problems faced by stu-
dents and teachers during the abrupt transition to online
education during the COVID-19 lockdown. They reviewed
and analysed 14 papers on e-learning accessibility published
over the past 11 years, in order to translate their findings into
actionable recommendations for improving the accessibility
of platforms at the time of the COVID-19 crisis, as well as
for future pandemics. Their findings highlighted the need
to build organisational cultures of accessibility, with sup-
port for educators as accessible content creators, and to raise
awareness of the many types of disabilities that can affect
students and how accessible content can prevent widening
opportunity gaps.

Laamanen et al. [44] conducted an empirical study on the
accessibility of Finnish higher education web pages. The aim
was to examine the accessibility of all Finnish higher educa-
tion landing pages based on WCAG 2.1 using a combination
of two AWAETSs. The results showed that the web pages of
higher education institutions were not accessible and that
there were enormous differences between the institutions.

Finally, an interesting study that deserves to be men-
tioned, despite the fact that it has nothing to do with univer-
sities and COVID-19, is a study carried out by Lazar et al.
[50]. They evaluated the potential implementation of new

Fig. 1 Phases of the applied

research methodology Phase 1:

Review bibliography
on web accessibility
and COVID-19

Phase 6:

Establish conclusions
from obtained results
and recommend
future works
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metrics in AWAET for managers. Its significance in relation
to this study is that they also used digital preservation, via
the Wayback Machine, to automatically crawl and evaluate
websites from the past in order to provide feedback to man-
agers about the accessibility of their organisations’ websites.

In summary, this literature review on web accessibility
and COVID-19 shows that most of these articles are cat-
egorized as cross-sectional studies, as there were focused on
assessing the status of web accessibility in universities at a
particular point in time. Those articles that analyzed a time
period were basically a literature review of articles published
on the subject during that same time period. Other articles
presented the analysis of data collected by surveys. There-
fore, there is still a gap of research for performance indica-
tors of web accessibility of universities from past periods in
general and during the COVID-19 pandemic in particular.
Therefore, our study tries to fill this gap by performing a
longitudinal study that shows the web accessibility perfor-
mance of selected universities from 2018 to 2024, in order to
observe its evolution before, during and after the COVID-19
pandemic.

3 Materials and methods

The method used to determine the web accessibility perfor-
mance of universities from five continents around the world
for the period from 2018 to 2024 is divided into six phases,
as shown in Fig. 1.

3.1 Phase 1:review bibliography on web
accessibility and COVID-19

We conducted a comprehensive bibliographic review of
research related to web accessibility of universities’s web-
sites and COVID-19 in Scopus, Web of Science and Google
Scholar. The aim of this review was to find out what has

Phase 2: Phase 3:

Choose the automated
web accessibility
evaluation tool to be

Select universities to
evaluate their web
accessibility from

=

2018 to 2024 used
Phase 5: Phase 4:
Present results and Perform web
provide discussions accessibility
aligned to the evaluation from 2018
objectives to 2024
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been done and what aspects still need to be researched. The
search results were filtered by years between 2018 and 2024.

3.2 Phase 2: select universities to evaluate their
web accessibility from 2018 to 2024

We chose a set of 25 universities from around the world.
Six universities were pre-selected as this work is part of a
project with them as partners. The rest of the universities
were randomly selected. The source of the universities was
Webometrics [46], although ShangaiRanking was also an
option, but Webometrics was preferred because it is easy
to search by continent. The procedure for random selec-
tion consisted of creating a random calculation in Micro-
soft Excel that ranged between number one and five, being
five the maximum number of universities on each continent.
Once the universities were selected, a web archive repository
was needed to be able to retrieve websites from the past. The
Wayback Machine holds historical website information for
many organisations around the world and was chosen as the
source of information for this research.’

3.3 Phase 3: choose the automated web
accessibility evaluation tool to be used

Many tools can be used to evaluate web accessibility [51].
In this research, Mauve++> and WAVE* were selected.
Mauve++ was selected among them because of its ability to
perform server-side rendering evaluations. In this research,
server-side rendering was used because it provides more
accurate evaluations. Using the Server Side Rendering Vali-
dation, the validation tool does not parse the static web page
code, but it uses Selenium to load the HTML and CSS code
in a headless version of the Chrome browser. In this way, it
simulates the loading phase as if the page were open in the
user’s browser and then performs the validation on the DOM
of the resulting page obtained by also performing the scripts
included in it. Mauve++ supports WCAG 2.1 (conformance
levels A, AA and AAA). Mauve++ provides two evaluation
results, by technology and by success criteria. This research
considered only the results by success criteria.

The WAVE tool was chosen for the evaluation of web
accessibility errors presented in the web page and the level
of ARIA implementation. Having good ARIA implementa-
tion is an indication that the organisation and its web devel-
opers have considered the need for robustness of the website
so that it can communicate the roles, states and properties of
user interface elements to assistive technologies.

2 https://archive.org/
3 https://mauve.isti.cnr.it/

4 https://wave.webaim.org/

There was a need to set a threshold score for a university
website to be considered accessible; in this research this
score was set to 80 for WCAG 2.1 and conformance level
AA. Here we considered that 20 % of non WCAG conform-
ance cause 80 % of web accessibility barriers encountered
by persons with disabilities. This is an arbitrary score set for
this research based on Pareto’s principle [52, 53]. In order
to categorise performance over the years, this research sets
three levels of performance (poor, partial and good). Scores
below 50 were considered poor performance, scores between
51 and 80 were considered partial performance, and scores
above 80 were considered good performance.

3.4 Phase 4: perform web accessibility evaluation
from 2018 to 2024

The evaluations were carried out on the archived home pages
of the selected universities using the Wayback Machine of
the Internet Archive’s Wayback Machine,’ which is a digital
preservation repository that holds copies of websites from
previous years for many websites on the Internet. The home
pages of the selected universities were evaluated for the
period from 2018 to 2024. In this research, 2018 to 2019
represents the pre-COVID-19 period, 2020 to 2021 repre-
sents the COVID-19 period, and 2022 to 2024 represents the
post-COVID-19 period. This research used the last backup
of the year for the university’s website as the primary source
for evaluation, i.e. the last backup of December; however,
if this backup was not available, the source was the next
backup going backward through the months of the year.

3.5 Phase 5: present and discuss results aligned
to the objectives

We present the results and discussion in relation to the
objectives of this research. To improve the readability of the
results presented, the names of the universities were short-
ened as shown in the Table 1, composed of the short name
of a university followed by the country code. The results
are grouped and presented by continent to facilitate under-
standing and to avoid overwhelming the reader with a lot of
information in one place. Finally, these results are discussed,
including a final comparison of web accessibility perfor-
mance by continents. The content of this phase is presented
in Section 4 and Section 5.

3 https://archive.org/
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Table 1 Short names of

: ot - . University Continent Short name
universities that participates in
the evaluation Alexandria University (Egypt) Africa ALEXU-EG

Kenyatta University (Kenya) Africa KU-KE
University Cheikh Anta Diop de Dakar (Senegal) Africa UCAD-SN
Universite de Dschang (Cameroon) Africa DSCHANG-CM
University of Johannesburg (South Africa) Africa UJ-ZA
Carnegie Mellon University (United State) America CMU-US
Instituto Tecnoldgico de Aguas Calientes (Mexico) America TECNM-MX
Universidad del Azuay (Ecuador) America UAZUAY-EC
Universidad Politécnica Salesiana de Ecuador (Ecuador) America UPS-EC
Universidad Veracruzana (Mexico) America UV-MX
Gulf University for Science and Technology (Kuwait) Asia GUST-KW
Pekin University (China) Asia PK-CN
Tel Aviv University (Israel) Asia TAU-IL
University of Calcuta (India) Asia CALUNIV-IN
Zhengzhou University (China) Asia Z7U-CN
Ostfold University College (Norway) Europe HIOF-NO
National Technical University of Ukraine (Ukraine) Europe KPI-UA
Universidade Aberta (Portugal) Europe UAB-PT
Universidad de Alcala (Spain) Europe UAH-ES
Universidad de Alicante (Spain) Europe UA-ES
Australian National University (Australia) Oceania ANU-AU
Fiji National University (Fiji) Oceania FNU-FJ
National University of Samoa (Samoa) Oceania NUS-WS
University of Papua New Guinea (Papua New Guinea) Oceania UPNG-PG
University of Waikato (New Zealand) Oceania WAIKATO-NZ

3.6 Phase 6: establish conclusions from obtained
results and recommend future work

We draw conclusions from the results presented in phase
4 and the discussion made in phase 5. Finally we suggest
future work that could be derived. The content of this phase
is presented in Section 6.

4 Results

What follows are the results of the web accessibility scores,
errors and ARIA implementations of selected universities
from around the world for the period from 2018 to 2024.
These results are derived from phase 4 of the methodology
shown in Fig. 1 and are presented grouped by the continent
that the universities belong, in alphabetic order.

The values from 2018 to 2019 represent the pre-
COVID-19 period; 2020 to 2021 represent the COVID-19
pandemic period; and 2022 to 2024 represent the post-
COVID-19 pandemic period. A total of 175 evaluations (25
universities by 7 years) were conducted using two AWAETS.

The Mauve++ tool was used to determine the web
accessibility score, and WAVE was used to collect web
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accessibility errors and the number of ARIA implementa-
tions. These results are grouped by continent and presented
in alphabetical order. The web accessibility score is repre-
sented by the acronym AC, the errors by ER and the ARIA
by AR. The names of the universities are also replaced by
the corresponding short names presented earlier in Table 1.

4.1 Africa

Table 2 presents the results of web accessibility scores,
errors and ARIA of universities from Africa, for the period
from 2018 to 2024. This table comprises five columns; the
first column is the short name of the university being evalu-
ated, the second column is the archived URL of the its home
page, the third column is the web accessibility score of that
home page, the fourth column is the number of web acces-
sibility errors encountered, the fifth column is the number
of ARIA implementations found and the sixth column is the
number of contrast errors. The archived URL is the one that
appears in the “timestamp” of the page file in the Internet
Archive. For example, the first URL has 20181228231929,
which means it was archived in December 28, 2018 at
23:19:29. This table structure is the same for all continents
and will be used in Tables 3, 4, 5 and 6.
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Table 2 Web accessibility data from selected African universities for the period from 2018 to 2024

University Archived URL AC ER AR CE
DSCHANG-CM https://web.archive.org/web/20181228231929/https://www.univ-dschang.org/ 73 40 4 77
https://web.archive.org/web/2019120215364 1/https://www.univ-dschang.org/ 72 62 4 78
https://web.archive.org/web/20201201022504/https://www.univ-dschang.org/ 74 62 8 81
https://web.archive.org/web/20211227101524/https://www.univ-dschang.org/ 74 62 8 81
https://web.archive.org/web/20221219103237/https://www.univ-dschang.org/ 74 62 8 77
https://web.archive.org/web/20231226065840/https://www.univ-dschang.org/ 72 62 4 77
https://web.archive.org/web/20240307113557/https://www.univ-dschang.org/ 73 62 8 77
ALEXU-EG https://web.archive.org/web/20181230213719/http://www.alexu.edu.eg/index.php/en/ 79 35 29 11
https://web.archive.org/web/20191225000658/http://www.alexu.edu.eg/index.php/en/ 80 22 29 10
https://web.archive.org/web/20201128174953/http://www.alexu.edu.eg/index.php/en/ 63 19 30 10
https://web.archive.org/web/20211105065623/http://www.alexu.edu.eg/index.php/en/ 75 13 82 44
https://web.archive.org/web/20221225222058/http://www.alexu.edu.eg/index.php/en/ 75 13 79 44
https://web.archive.org/web/20231217043214/http://www.alexu.edu.eg/index.php/en/ 81 13 79 12
https://web.archive.org/web/20240216221424/http://www.alexu.edu.eg/index.php/en/ 80 13 79 12
KU-KE https://web.archive.org/web/20181231125629/https://www.ku.ac.ke/ 71 21 58
https://web.archive.org/web/20191231032956/https://www.ku.ac.ke/ 71 19 50
https://web.archive.org/web/20201230152506/https://www.ku.ac.ke/ 71 17 17 67
https://web.archive.org/web/20211229051321/https://www.ku.ac.ke/ 70 30 20 73
https://web.archive.org/web/20221230170639/https://www.ku.ac.ke/ 72 20 13 54
https://web.archive.org/web/20231229172436/https://www.ku.ac.ke/ 67 18 7 44
https://web.archive.org/web/20240319160708/https://www.ku.ac.ke/ 71 20 12 36
UCAD-SN https://web.archive.org/web/20181221000218/https://www.ucad.sn/ 94 12 2 65
https://web.archive.org/web/201912202008 17/https://www.ucad.sn/ 94 13 0 70
https://web.archive.org/web/202012311643 14/https://www.ucad.sn/ 94 13 6 82
https://web.archive.org/web/20211227062225/https://www.ucad.sn/ 95 14 5 70
https://web.archive.org/web/20221222053315/https://www.ucad.sn/ 67 36 3 55
https://web.archive.org/web/2024032006554 1 /https://www.ucad.sn/ 67 42 3 54
https://web.archive.org/web/2024032006554 1 /https://www.ucad.sn/ 67 37 3 54
UJ-ZA https://web.archive.org/web/20181226084511/https://www.uj.ac.za/ 66 84 117 70
https://web.archive.org/web/20191117090002/https://www.uj.ac.za/ 71 81 79 40
https://web.archive.org/web/20200104074807/https://www.uj.ac.za/ 66 81 61 13
https://web.archive.org/web/20211230193407/https://www.uj.ac.za/ 72 3 63 35
https://web.archive.org/web/20221230191639/https://www.uj.ac.za/ 72 4 59 24
https://web.archive.org/web/20231231030356/https://www.uj.ac.za/ 76 6 67 27
https://web.archive.org/web/20240322015053/https://www.uj.ac.za/ 76 6 67 26

AC Accessibility, ER Errors, AR ARIA

Most of the web accessibility scores of African universi-
ties are lower than 80, which is the established threshold,
which means that either they are partially or poorly acces-
sible. From the five universities evaluated, only one can
be considered as having good level of web accessibility as
achieved scores higher than, and for three consecutive years.
The values of ARIA implementation are low, although web
accessibility errors prevail throughout the period.

Figure 2 shows the performance of African universities
in the form of a line chart for the period from 2018 to 2024.
An increase in web accessibility score or ARIA represents

a good performance, while an increase in errors represent a
decrease in performance.

Most of these universities show low performance over the
years, and only the University Cheikh Anta Diop de Dakar
(UCAD-SN), Senegal, maintained a good web accessibility
performance from 2018 to 2021; however, its performance
decreased after the end of COVID-19. The performance of
the University of Johannesburg (UJ-ZA), South Africa, was
good before the start of the COVID-19 pandemic; although
it has made good efforts to reduce the number of errors,
ARIA and web accessibility have not improved.
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4.2 America

Table 3 shows the results of web accessibility scores,
errors and ARIA of universities from America for the
period from 2018 to 2024. Most of the web accessibility
scores of American universities are lower than 80, which is
the established threshold. The values of ARIA implemen-
tation are also low and only one university, out of five, the
Universidad de Veracruz (UV-MX), Mexico, has improved
in ARIA implementation. However, American universities
present a number of web accessibility errors.

Figure 3 shows the performance of American universi-
ties in the form of a line chart for the period from 2018
to 2024. In general, the performance of web accessibility
remained low during this period. An increase in perfor-
mance was observed during the COVID-19 pandemic, but
it decreased after the end of the pandemic. The performance
of the Universidad Politécnica Salesiana de Ecuador (UPS-
EC), was good before the start of the COVID-19 pandemic,
but it decreased immediately afterwards and has remained
partial since then.

A decrease in web accessibility errors is observed at the
beginning of COVID-19, but increases immediately after its

Table 3 Web accessibility data for selected American universities for the period from 2018 to 2024

University Archived URL AC ER AR CE
UAZUAY-EC https://web.archive.org/web/20181227133847/https://www.uazuay.edu.ec/ 62 9 0 29
https://web.archive.org/web/20191206233042/https://www.uazuay.edu.ec/ 96 18 5 19
https://web.archive.org/web/20201231035228/https://www.uazuay.edu.ec/ 83 8 29 27
https://web.archive.org/web/20211231100239/https://www.uazuay.edu.ec/ 79 17 35 31
https://web.archive.org/web/2022121415171 1/https://www.uazuay.edu.ec/ 91 10 26 18
https://web.archive.org/web/20231231073205/https://www.uazuay.edu.ec/ 70 20 168 69
https://web.archive.org/web/20240319181109/https://www.uazuay.edu.ec/ 71 20 141 13
UPS-EC https://web.archive.org/web/20181128075156/https://www.ups.edu.ec/ 91 12 17 44
https://web.archive.org/web/2019090622503 1/https://www.ups.edu.ec/ 91 12 18 44
https://web.archive.org/web/20200815104542/https://www.ups.edu.ec/ 89 17 18 51
https://web.archive.org/web/20211224053728/https://www.ups.edu.ec/ 77 73 1
https://web.archive.org/web/20221231234737/https://www.ups.edu.ec/ 75 73 1
https://web.archive.org/web/20181128075156/https://www.ups.edu.ec/ 91 12 17 44
https://web.archive.org/web/20240322005419/https://www.ups.edu.ec/ 2 73 1
TECNM-MX https://web.archive.org/web/2019082705135 1/https://aguascalientes.tecnm.mx/ 63 78 4 13
https://web.archive.org/web/20190827051351/https://aguascalientes.tecnm.mx/ 63 78 4 13
https://web.archive.org/web/20201113061106/https://aguascalientes.tecnm.mx/ 76 6 132 15
https://web.archive.org/web/20211231061209/https://aguascalientes.tecnm.mx/ 74 9 75 0
https://web.archive.org/web/20221205215902/https://aguascalientes.tecnm.mx/ 73 14 90 0
https://web.archive.org/web/20231116004746/https://aguascalientes.tecnm.mx/ 41 47 220 13
https://web.archive.org/web/20240222100421/https://aguascalientes.tecnm.mx/ 41 45 284 15
UV-MX https://web.archive.org/web/20181221014215/https://www.uv.mx/ 66 31 105 22
https://web.archive.org/web/20191231044632/https://www.uv.mx/ 56 19 186 31
https://web.archive.org/web/20201231070138/https://www.uv.mx/ 56 19 241 26
https://web.archive.org/web/20211231061226/https://www.uv.mx/ 57 19 241 26
https://web.archive.org/web/20230101000113/https://www.uv.mx/ 59 48 314 29
https://web.archive.org/web/20231218023802/https://www.uv.mx/ 64 0 64 31
https://web.archive.org/web/20240328235917/https://www.uv.mx/ 71 0 71 31
CMU-US https://web.archive.org/web/20181230195600/https://www.cmu.edu/index.html/ 68 5 26 6
https://web.archive.org/web/20191231015825/https://www.cmu.edu/index.html/ 67 6 21 4
https://web.archive.org/web/20201231141925/https://www.cmu.edu/index.html/ 66 6 24 3
https://web.archive.org/web/20211231140748/https://www.cmu.edu/index.html/ 74 6 24 2
https://web.archive.org/web/20221231141112/https://www.cmu.edu/index.html/ 66 2 22 0
https://web.archive.org/web/20231226082213/https://www.cmu.edu/index.html/ 67 1 22 0
https://web.archive.org/web/20240321153954/https://www.cmu.edu/index.html/ 67 1 22 0
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end. ARIA implementation also increases during this period.
The Instituto Tecnolégico de Aguas Calientes (TECNM-
MX), Mexico, did not have archived data from the Wayback
Machine for 2018.

4.3 Asia

Table 4 shows the results of web accessibility scores, errors
and ARIA of universities from Asia for the period from 2018
to 2024. Most of the web accessibility scores of Asian uni-
versities are lower than 80, which is the established thresh-
old. The values of ARIA implementation are also low and

only one university, out of five, the Tel Aviv University
(TAU-IL), Israel, has improved in both ARIA implementa-
tion and web accessibility scores. Asian universities present
significant number of web accessibility errors. We did have
issue to open the archived URL of University of Calcutta
(CALUNIV-IN), India, for 2024, therefore we performed the
web accessibility evaluation directly from the online URL
at 27 of March 2024.

Figure 4 shows the performance of Asian universities
in the form of a line chart for the period from 2018 to
2024. The Tel Aviv University (TAU-IL), Israel, stands
out, although in terms of web accessibility performance

Table 4 Web accessibility data from selected Asian universities for the period from 2018 to 2024

University Archived URL AC ER AR CE
ZZU-CN https://web.archive.org/web/20181224023028/http://english.zzu.edu.cn/ 74 20 0 0
https://web.archive.org/web/20191214105222/http://english.zzu.edu.cn/ 74 20 0 0
https://web.archive.org/web/20201204143659/http://english.zzu.edu.cn/ 74 20 0 0
https://web.archive.org/web/20211231162205/http://english.zzu.edu.cn/ 55 7 11 15
https://web.archive.org/web/20220929045127/http://english.zzu.edu.cn/ 54 7 11 15
https://web.archive.org/web/20231220160329/http://english.zzu.edu.cn/ 56 7 11 12
https://web.archive.org/web/20240213023634/http://english.zzu.edu.cn/ 56 11 12
PK-CN https://web.archive.org/web/20181231071736/https://english.pku.edu.cn/ 80 67 0 26
https://web.archive.org/web/20191231150501/https://english.pku.edu.cn/ 80 66 0 26
https://web.archive.org/web/20201202140717/https://english.pku.edu.cn/ 80 66 0 26
https://web.archive.org/web/20211231054258/https://english.pku.edu.cn/ 65 66 0 26
https://web.archive.org/web/20221231204235/https://english.pku.edu.cn/ 64 19 93 6
https://web.archive.org/web/20231231223910/https://english.pku.edu.cn/ 70 19 101 0
https://web.archive.org/web/20240322051342/https://english.pku.edu.cn/ 70 19 101 0
CALUNIV-IN https://web.archive.org/web/20181228123634/https://www.caluniv.ac.in/ 68 14 7 9
https://web.archive.org/web/20191125100532/https://www.caluniv.ac.in/ 70 8 7 7
https://web.archive.org/web/20201205035036/https://www.caluniv.ac.in/ 70 14 8 14
https://web.archive.org/web/20211231161648/https://www.caluniv.ac.in/ 73 10 8 13
https://web.archive.org/web/20221231220412/https://www.caluniv.ac.in/ 64 13 11 38
https://web.archive.org/web/20230920175550/https://www.caluniv.ac.in/ 45 33 8 98
https://web.archive.org/web/20240331003525/https://www.caluniv.ac.in/ 41 32 8 91
TAU-IL https://web.archive.org/web/20181205201557/https://english.tau.ac.il/ 96 30 443 66
https://web.archive.org/web/20191231150505/https://english.tau.ac.il/ 97 1 387 56
https://web.archive.org/web/20201228223107/https://english.tau.ac.il/ 97 1 725 64
https://web.archive.org/web/20211231021425/https://english.tau.ac.il/ 97 1 478 73
https://web.archive.org/web/20221228175235/https://english.tau.ac.il/ 96 3 443 74
https://web.archive.org/web/20231220030625/https://english.tau.ac.il/ 74 5 419 37
https://web.archive.org/web/20240324084129/https://english.tau.ac.il/ 71 3 43 37
GUST-KW https://web.archive.org/web/20181215224741/https://www.gust.edu.kw/ 76 42 2 11
https://web.archive.org/web/20191231041608/https://www.gust.edu.kw/ 73 44 2 11
https://web.archive.org/web/20201231065525/https://www.gust.edu.kw/ 76 44 2 9
https://web.archive.org/web/20211231113048/https://www.gust.edu.kw/ 75 44 2 11
https://web.archive.org/web/20221219181512/https://www.gust.edu.kw/ 74 45 2 11
https://web.archive.org/web/20230902003948/https://www.gust.edu.kw/ 76 29 39 1
https://web.archive.org/web/20240319034614/https://www.gust.edu.kw/ 75 30 41 1
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before and during the COVID-19 pandemic, although it
has decreased after the end of the pandemic. For the rest
of the Asian universities evaluated, some maintained their
web accessibility performance during the COVID-19 pan-
demic, while others experienced a decline. After the end
of the COVID-19 pandemic, all these Asian universities
experienced a decline in web accessibility performance,
although their performance remained partial throughout
the period. The implementation of ARIA did not improve
in these universities during this period, but a decrease in
the number of errors was observed.

4.4 Europe

Table 5 shows the results of web accessibility scores, errors
and ARIA of universities from Europe for the period from
2018 to 2024. Most of the web accessibility scores of Euro-
pean universities are lower than 80, which is the established
threshold. Two universites out of five, Universidad de Ali-
cante (UA-ES), Spain, and National Technical University of
Ukraine (KPI-UA), have good web accessibility scores. The
values of ARIA implementation are also low and only one
university, out of five, Universidad de Alicante (UA-ES), has
improved on ARIA implementation. European universities

Table 5 Web accessibility data from selected European universities for the period from 2018 to 2024

University Archived URL AC ER AR CE
HIOF-NO https://web.archive.org/web/20190327125056/https://www.hiof.no/english/ 70 0 19 0
https://web.archive.org/web/20191024205202/https://www.hiof.no/english/ 69 2 24 12
https://web.archive.org/web/20201020040700/https://www.hiof.no/english/ 68 3 23 12
https://web.archive.org/web/20211102180353/https://www.hiof.no/english/ 69 1 20 1
https://web.archive.org/web/20221207032309/https://www.hiof.no/english/ 70 0 19 0
https://web.archive.org/web/20231003083632/https://www.hiof.no/english/ 70 0 21 0
https://web.archive.org/web/20240224205008/https://www.hiof.no/english/ 71 0 14 0
UAB-PT https://web.archive.org/web/20181227032430/https://portal.uab.pt/en/ 58 48 10 1
https://web.archive.org/web/20190929121319/https://portal.uab.pt/en/ 58 47 10 2
https://web.archive.org/web/20201203100507/https://portal.uab.pt/en/ 59 50 7 1
https://web.archive.org/web/20211209133428/https://portal.uab.pt/en/ 61 46 8 1
https://web.archive.org/web/20220901090229/https://portal.uab.pt/en/ 58 54 8 0
https://web.archive.org/web/20231003153004/https://portal.uab.pt/ 58 55 8 1
https://web.archive.org/web/20240329212415/https://portal.uab.pt/?1lang=en/ 57 55 8 0
UA-ES https://web.archive.org/web/20181215224634/https://www.ua.es/ 96 58 39 62
https://web.archive.org/web/20191230161215/https://www.ua.es/ 99 41 77 64
https://web.archive.org/web/20201129061445/https://www.ua.es/ 75 0 129 2
https://web.archive.org/web/20211231050554/https://www.ua.es/ 76 0 130 2
https://web.archive.org/web/20221231113851/https://www.ua.es/ 76 0 130 2
https://web.archive.org/web/20231231005944/https://www.ua.es/ 76 0 146 1
https://web.archive.org/web/20240322000039/https://www.ua.es/ 76 0 146 2
UAH-ES https://web.archive.org/web/20181216055323/https://uah.es/es/ 62 2 26 18
https://web.archive.org/web/20191231083137/https://www.uah.es/es/ 63 0 27 14
https://web.archive.org/web/20201231042958/https://www.uah.es/es/ 65 0 29 100
https://web.archive.org/web/20211231054841/https://www.uah.es/es/ 63 0 27 14
https://web.archive.org/web/20221222052938/https://www.uah.es/es/ 62 1 95 10
https://web.archive.org/web/20231229025419/https://www.uah.es/es/ 69 1 130 10
https://web.archive.org/web/20240314171313/https://www.uah.es/es/ 65 1 128 10
KPI-UA https://web.archive.org/web/20180919234229/https://kpi.ua/en/ 99 3 0 27
https://web.archive.org/web/20190904070049/https://kpi.ua/en/ 99 3 0 26
https://web.archive.org/web/20201216150428/https://kpi.ua/en/ 95 2 69 44
https://web.archive.org/web/20211211132947/https://kpi.ua/en/ 98 1 72 44
https://web.archive.org/web/20221122000720/https://kpi.ua/en/ 86 33 8 9
https://web.archive.org/web/20231225092415/https://kpi.ua/ 97 2 8 26
https://web.archive.org/web/20240317145049/https://kpi.ua/en/ 60 2 1

AC Accessibility, ER Errors, AR ARIA
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present very low web accessibility errors. We did have issue
to open archived URL of Universidade Aberta (UAB-PT),
Portugal, for 2024, therefore we performed the web acces-
sibility evaluation directly from the online URL at 27 of
March 2024.

Figure 5 shows the performance of European universi-
ties in the form of a line chart, for the period from 2018
to 2024. At the beginning of COVID-19, the Universidad
de Alicante (UA-ES), Spain, experienced a decrease of the
good performance it had before the beginning of the pan-
demic and it has remained partial since then. The National
Technical University of Ukraine (KPI-UA) stands out with
a good performance before and during the COVID-19 pan-
demic, but it also dropped to partial performance when
the pandemic ended, and an increase in web accessibility
errors is observed since then. Most of these universities have
reduced the number of errors in their web pages, but have
not improved their ARIA implementations.

4.5 Oceania

Table 6 presents the results of web accessibility scores,
errors and ARIA of universities from Oceania, for the period
from 2018 to 2024. Most of the web accessibility scores of
Oceanian universities are higher than 80, which is the estab-
lished threshold. However, the values of ARIA implementa-
tion are is low. Oceanian universities present a number of
web accessibility errors.

Figure 6 shows the performance of Oceanian universi-
ties in the form of a line chart for the period from 2018 to
2024. Australian National University (ANU-AU), Australia,
University of Waikato (WAIKATO-NZ), New Zealand, Fiji
National University (FNU-FJ), Fiji and National University
of Samoa (NUS-WS) had good performance before and
during the COVID-19 pandemic, but it dropped to partial
performance when the pandemic ended. The University of
Papua New Guinea (UPNG-PG) had partial performance
before, during and after the COVID-19 pandemic. The
number of errors on these sites did not improve during this
period, but there was a slight increase in the use of ARIA
features.

Figure 7 shows the web accessibility performance of
selected universities grouped by continent in the form of a
line chart for the period from 2018 to 2024. First, it can be
seen that the web accessibility score in 2024 is lower than
in 2018 on all continents. Second, web accessibility errors
fluctuate up and down throughout the period for all conti-
nents except Asia, which shows a steady decrease in errors.
Third, the performance of ARIA in general improves stead-
ily throughout the period for all continents, especially for the
Americas and Europe. Fourthly, contrast errors are higher in
Africa than in any other continent, and in Asia they increase
steadily throughout the period.
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Figure 8 shows the six most frequent web accessibility
issues, out of a total of 12, recorded for selected universities
from all continents, in the form of a bar chart for the period
2018 to 2024. The values are the sum of each type of web
accessibility problem registered from 2018 to 2024. On the
one hand, low contrast, lack of alternative text on images
and empty links are the top three recurring issues across
all continents. On the other hand, empty headings, empty
buttons and empty form labels are recurring issues that
vary between continents. Other common web accessibility
problems recorded are: broken ARIA reference, missing lan-
guage, marquee, missing form label and missing page title.
However, these problems did not occur on all continents at
the same time, so they were excluded.

Figure 9 shows the six most frequent web accessibility
problems at selected universities on all continents in the
form of a bar chart for the period 2018 to 2024. Low contrast
ranks first, followed by missing alternative text on images,
empty links, empty headings, empty form labels and empty
buttons. The values are the sum of each type of web acces-
sibility problem registered from 2018 to 2024.

5 Discussion

The websites of African universities show partial perfor-
mance in web accessibility scores, low performance in errors
and ARIA. Low scores in web accessibility and errors mean
that these universities do not comply with the WCAG guide-
lines and present barriers for persons with disabilities to
access their websites. Moreover, low performance in ARIA
means that African universities may not be compatible with
assistive technology for persons with disabilities.

The websites of American universities show partial per-
formance in web accessibility scores, low performance in
errors and ARIA. Low scores for web accessibility and
errors mean that these universities do not comply with the
WCAG guidelines and present barriers for persons with dis-
abilities to access their websites. Low performance in ARIA
means that American universities may not be compatible
with assistive technology for persons with disabilities.

The websites of Asian universities show partial perfor-
mance in web accessibility scores, and low performance
in errors and ARIA. Low scores for web accessibility and
errors mean that these universities do not comply with the
WCAG guidelines and present barriers for persons with dis-
abilities to access their websites. Low performance in ARIA
means that Asian universities are not compatible with assis-
tive technology for persons with disabilities.

The websites of European universities show partial per-
formance in web accessibility scores, low performance in
ARIA and good performance in errors. Low performance
in web accessibility means that these universities do not
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Table 6 Web accessibility data from selected Oceanian universities for the period from 2018 to 2024

University Archived URL AC ER AR CE
ANU-AU https://web.archive.org/web/20181231055008/https://www.anu.edu.au/ 94 11 4 0
https://web.archive.org/web/20191231073852/https://www.anu.edu.au/ 94 9 4 0
https://web.archive.org/web/20201231070742/https://www.anu.edu.au/ 93 15 10 0
https://web.archive.org/web/20211231172627/https://www.anu.edu.au/ 94 10 14 1
https://web.archive.org/web/20221231142435/https://www.anu.edu.au/ 74 13 12 1
https://web.archive.org/web/20231231001959/https://www.anu.edu.au/ 72 14 10 0
https://web.archive.org/web/20240322004929/https://www.anu.edu.au/ 74 16 36 0
FNU-FJ https://web.archive.org/web/20180919220230/http://www.fnu.ac.fj/new/ 92 6 54 14
https://web.archive.org/web/20191018021803/https://www.fnu.ac.fj/new/ 92 6 55 14
https://web.archive.org/web/20221231222504/https://www.fnu.ac.fj/ 87 21 11 3
https://web.archive.org/web/20211231055052/https://www.fnu.ac.fj/ 87 18 8 3
https://web.archive.org/web/20221231222504/https://www.fnu.ac.fj/ 87 21 11 3
https://web.archive.org/web/20231231070033/https://www.fnu.ac.fj/ 89 18 11 3
https://web.archive.org/web/20240322101338/https://www.fnu.ac.fj/ 89 18 8 3
WAIKATO-NZ https://web.archive.org/web/20181206172040/https://www.waikato.ac.nz/ 94 9 12 0
https://web.archive.org/web/20191231155502/https://www.waikato.ac.nz/ 95 2 31 0
https://web.archive.org/web/20201227113310/https://www.waikato.ac.nz/ 93 2 54 1
https://web.archive.org/web/20211231102130/https://www.waikato.ac.nz/ 92 2 85 2
https://web.archive.org/web/20221227193523/http://www.waikato.ac.nz/ 92 2 80 1
https://web.archive.org/web/20240322004232/https://www.waikato.ac.nz/ 91 2 96 1
https://web.archive.org/web/20231004010608/https://www.waikato.ac.nz/ 91 2 88 1
UPNG-PG https://web.archive.org/web/20181204021845/http://upng.ac.pg/site 87 6 6 34
https://web.archive.org/web/20191223121923/http://upng.ac.pg/site/ 88 5 6 31
https://web.archive.org/web/2020120105023 1/https://www.upng.ac.pg/ 74 4 13 3
https://web.archive.org/web/20211209125941/https://www.upng.ac.pg/ 73 6 32 7
https://web.archive.org/web/20221218044445/https://www.upng.ac.pg/ 72 5 30 10
https://web.archive.org/web/20231231114903/https://www.upng.ac.pg/ 75 4 31 9
https://web.archive.org/web/20240321114706/https://www.upng.ac.pg/ 75 4 31 12
NUS-WS https://web.archive.org/web/20180611130233/https://www.nus.edu.ws/s/index.php 89 10 6 55
https://web.archive.org/web/20191029211648/https://www.nus.edu.ws/s/index.php 86 32 0 69
https://web.archive.org/web/2020082317545 1 /https://nus.edu.ws/ 58 27 3 28
https://web.archive.org/web/20211224233415/https://nus.edu.ws/ 67 17 107 92
https://web.archive.org/web/20221212001228/https://nus.edu.ws/ 65 18 274 110
https://web.archive.org/web/2023121020224 1/https://nus.edu.ws/ 67 18 131 182
https://web.archive.org/web/20240317084919/https://nus.edu.ws/ 73 18 119 9

AC Accessibility, ER Errors, AR ARIA

comply with the WCAG guidelines and present barriers
for persons with disabilities to access their websites. Good
performance in web accessibility errors means that these
universities are making efforts to improve web accessibility.
Low performance in ARIA means that European universities
are not compatible with assistive technologies for persons
with disabilities.

The websites of Oceanian universities score well on
web accessibility and poorly on ARIA and errors. High
scores for web accessibility mean that these universities
comply with the WCAG guidelines and do not present
many barriers for persons with disabilities to access their
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websites. Low performance in ARIA means that African
universities are not compatible with assistive technology
for persons with disabilities.

Overall, there is a progressive decrease in web acces-
sibility performance (AC) from 2018 to 2024 for all conti-
nents, as well as the prevalence of web accessibility errors
(ER). However, the implementation of ARIA (AR) has, on
the contrary, increased since 2018, except for the Asian
continent, which shows a sharp decrease in performance
from 2023. This can be better appreciated in Fig. 7, which
shows the web accessibility performance of universities
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from all continents in the form of a line chart for the
period from 2018 to 2024.

This longitudinal study also shows that digital pres-
ervation of web pages provides researchers with a good
source of information to understand the evolution of web
accessibility in universities around the world years before
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the start of the COVID-19 pandemic, during its duration,
and years after its end. The ability to analyse web acces-
sibility scores, errors and ARIA on web pages from the
past provides indicators that organisations can use in their
scorecards when conducting performance evaluations.
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The differences in the web accessibility performance
of different universities from different continents are due
to differences in the commitment, implementation capac-
ity and results in web accessibility of universities and the
associated countries and supranational organisations to
which they belong. Nevertheless, the results of this longi-
tudinal study can provide managers with a better under-
standing of what needs to be done to improve web acces-
sibility by relating these web accessibility indicators to
other performance variables and finding their correlations.

The six most common web accessibility issues illus-
trated in Figs. 8 and 9 mean that persons with disabilities
have difficulty perceiving, navigating and understanding
the content of the websites of selected universities from
five continents. As such, this highlights non-compliance
with the WCAG principles [21]. persons with visual
impairment are most affected as low contrast error is the
number one problem, which is consistent with the findings
of the 2023 Digital Accessibility Index [15].

This study alone cannot clarify the reason for the decline
in the universities’ web accessibility compliance perfor-
mance after the end of the COVID-19 pandemic. Further
studies are needed as other factors may be involved, such
as legislation, regulations, policies, programs, organisation,
processes, resources, etc. These factors are examined nation-
ally by the Digital Accessibility Rights Evaluation Index
(DARE Index); therefore, a correlation study between the
web accessibility of universities and the DARE Index of the
countries to which they belong could provide more informa-
tion on the factors behind the decline in web accessibility
performance of universities after COVID-19.

6 Conclusions and future works

The COVID-19 outbreak increased the web accessibility
performance of many of the universities evaluated in this
study. Regrettably, after the COVID-19 pandemic ended,
this performance was found to have declined, in some cases
to levels lower than before the outbreak. This behaviour sug-
gests that the closure during the COVID-19 pandemic may
have led stakeholders to consider web accessibility, but fur-
ther studies should be conducted to verify that this was not
due to other factors. In any case, web accessibility remains
a challenge after the COVID-19 pandemic.

The lack of positive web accessibility performance by
universities around the world is significant. Persons with
visual impairment are most affected, as low contrast errors
and lack of alternative text on images remain the main barri-
ers to equal web access for persons with disabilities. Univer-
sities provide knowledge to society and should be committed
to facilitating universal access in the information society.
As institutions of advanced learning, universities should be
concerned with the equal access and active participation of
potentially all citizens in the Information Society.

The fact that the web accessibility of the universities
selected in this study changed immediately after the end of
the COVID-19 pandemic confirms that web accessibility is
an ongoing issue. Therefore, this study emphasises the need
to approach web accessibility in a proactive rather than reac-
tive mode in order to ensure continuous improvement. In this
way, the web of higher education institutions will always be
perceivable, usable, understandable and robust, in line with
the principles of WCAG, Article 9 of the CRPD and Goal
4 of the UN-SDGs.

The reasons for this drop in web accessibility scores
after the end of the COVID-19 pandemic need to be inves-
tigated. However, on the one hand, it may be due to a
decline in the following three variables of the DARE index
[12], which are country commitments (laws, regulations,
policies and programs), country implementation capac-
ity (organisation, processes, resources) and actual digital
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accessibility outcomes for persons with disabilities in 10
areas of products and services [12]. However, there are no
data available for the DARE index from 2020, and its evo-
lution from 2018 to 2020 is positive. On the other hand,
the decline in web accessibility performance in the post-
COVID-19 era may also be due to a lack of funding; the
World Bank’s index of government expenditure on educa-
tion has declined globally since 2018 [54]. However, the
available data go up to 2021, so this hypothesis needs to
be analysed and confirmed by further studies in the future.

This study has a number of limitations. Firstly, it does
not evaluate the accessibility of all the universities of the
five continents of the world, but focuses on a selection of
universities. Therefore, the results should be taken as indi-
cators of web accessibility performance in a given period.
Secondly, the variables analysed in the study, web acces-
sibility scores, errors, contrast errors and ARIA imple-
mentation, are not separated because the main objective
of the study is to evaluate the trend of web accessibility
performance over a period of time. Therefore, the study is
not intended to highlight which specific WCAG principle
or technique is being violated the most, as there are other
studies that do this. This study is more focused on provid-
ing web accessibility performance indicators to stakehold-
ers to help them understand the importance of continu-
ous improvement of web accessibility in higher education
institutions. Finally, this study is not intended to explain
the reason for the decline in web accessibility compliance
performance of higher education institutions after the end
of the COVID-19 pandemic. There may be other factors at
play that require further correlational studies.

This study can be extended in the future by conducting
a hybrid evaluation, combining AWAETSs and manual vali-
dation by web accessibility experts to improve the accu-
racy of the results. Furthermore, this research could also
be extended by including more universities and variables
in the study, such as the Human Development Index (HDI)
and the DARE, government spending on education, and
analysing their correlations with web accessibility scores.
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