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de A1C3.13. fundacionales, sirvieron como modelo sobre el que se
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<,
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Prologo

Ricardo Mendoza Gonzalez
Instituto Tecnologico de Aguascalientes (México)

El Congreso Internacional sobre Aplicacion de Tecnologias de la Informacion y
Comunicaciones Avanzadas (ATICA 2023) y la Conferencia Internacional sobre
Aplicacion de Tecnologias de la Informacion y Comunicaciones para mejorar la
Accesibilidad (ATICAcces 2023), tienen como objetivo general el proporcionar un foro
para el fomento de las relaciones entre la universidad y la industria, mediante la reunion
de investigadores, profesionales, educadores y estudiantes, con el proposito de
compartir buenas practicas, generar alianzas y desarrollar ideas innovadoras
relacionadas con las TIC, Ciencias de la Computacion, tecnologias emergentes de la
web, computacion moévil, accesibilidad, calidad de la educacion superior, educacion
virtual (en cualquiera de sus modalidades), inclusion social en la educacidon superior,
emprendimiento y empleabilidad de los egresados.

Sin duda, las ediciones del XIV Congreso ATICA y de la X Conferencia ATICAcces
—organizadas y celebradas en el campus del Tecnoldgico Nacional de México campus
Instituto Tecnoldgico de Aguascalientes (TecNM/ITA)— cumplieron con este objetivo.

Se contd con la participacion de 64 ponentes provenientes de 17 paises: Espaiia,
Colombia, Argentina, Cuba, Republica Dominicana, Panama, Uruguay, Venezuela,
Brasil, Chile, Costa Rica, Ecuador, Honduras, India, Pert, Rumania y M¢éxico.
Adicionalmente, se impartieron cinco conferencias magistrales sobre temas actuales de
la accesibilidad tecnologica, las TIC en la educaciodn, y la Inteligencia Artificial en las
actividades diarias de las personas; las cuales fueron impartidas por profesores expertos
de universidades en Suecia, Espafia y México.

De las ponencias presentadas, 32 analizaron y discutieron tematicas de la Educacion y
las Tecnologias de la Informacion y Comunicaciones (TIC); 20 abordaron temas de
Ciencias de la Computacion y la Inteligencia Artificial; y 12 trataron temas
relacionados con la Accesibilidad Tecnoldgica.

Se tuvo un registro total de 901 asistentes, en su mayoria (630) estudiantes de pregrado
particularmente de la Ingenieria en TIC del TecNM/ITA. Esta estadistica resulta
relevante ya que, para muchos de ellos, su participacion en el congreso representd su
primer acercamiento a la investigacion. Fue muy gratificante observar en los asistentes
constantes reacciones de asombro e interés ante las explicaciones de los ponentes y
conferencistas, sobre todo cuando estos ponentes eran también estudiantes. Era
evidente que, al ver como sus pares se encontraban exponiendo resultados de
investigaciones en temas de tecnologia actual, e incluso emergente, se fomentaban
dichas reacciones, infiriéndose como el complemento perfecto de las explicaciones
cotidianas en las aulas. Es importante mencionar que en muchos de los estudiantes la



experiencia fue contundente, ya que, en las semanas posteriores al evento, varios
estudiantes se acercaron a sus profesores mostrando su interés por colaborar en
proyectos de investigacion e incluso por la realizacion de futuros estudios de posgrado.
Estas situaciones son la recompensa al trabajo no solo de los comités de organizacion,
sino de los mismos ponentes, porque representan la motivacion para continuar con esta
labor.

Cabe mencionar que las ediciones del XIV Congreso ATICA y de la X Conferencia
ATICAcess representan la segunda ocasion en la que ATICA se organiza en territorio
mexicano; ademdas fueron el marco de la inauguracion de la primera Unidad de
Accesibilidad Tecnoldgica (UAT) en el Sistema Nacional de Tecnoldgicos de México,
el cual cuenta con 254 campus en todo el pais. La UAT del TecNM/ITA es uno de los
logros derivados del desarrollo del proyecto ERASMUS+, Edutech “Asistencia
Tecnologica a la Accesibilidad en la educacion superior virtual”. Estos factores
propiciaron la presencia del director general del Tecnologico Nacional de México
(TecNM), Ramoén Jiménez Lopez, quien celebro que el campus Aguascalientes sea sede
de congresos internacionales que acerquen las tecnologias de la ciencias y
comunicaciones a las personas con discapacidad o que cuenten con alguna condicién
de vida vulnerable, permitiendo conocer las buenas practicas de otras instituciones, asi
como las herramientas de actualidad que permitan humanizar el proceso educativo.

El contenido de este libro materializa las palabras del Maestro Jiménez Lopez y el
objetivo del evento, y representa el punto de partida para futuros trabajos de
investigacion y desarrollos tecnoldgicos en favor de las personas, asi como la
inspiracion para la organizacion de mas eventos similares.

Felicitaciones y agradecimiento totales a quienes hicieron posible este evento, a la
Universidad de Alcald, al Programa ERASMUS+ de la Union Europea, a los miembros
del Comité de Honor, del Comité Cientifico, del Comité Organizador, a los editores,
autores de trabajos y a todos los asistentes que dieron vida al congreso ATICA 2023 y
a la conferencia ATICAccess 2023.

Ricardo Mendoza Gonzalez
Departamento de Sistemas y Computacion
Instituto Tecnologico de Aguascalientes, México
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Abstract. Internet penetration in the world is increasing every year, and
universities are taking advantage by providing digital services to their
communities. Approximately 66.3% of the world's population and 33.9% of
Africa's population have access to the Internet. However, 15% of the world's
population lives with some form of disability and cannot equally enjoy the web.
In Africa, there are approximately 80 million people with disabilities. Equal
access to the web is a human right under the Convention on the Rights of Persons
with Disabilities (CRPD) and a key aspect of achieving the Sustainable
Development Goals. The purpose of this study is to raise awareness about web
accessibility in central Africa region with the hoped to promote digital inclusion
of all citizens, leaving no one behind. The main research objective is to determine
the level of compliance of universities in the Central African Monetary and
Economic Community (CEMAC) against Web Content Accessibility Guidelines
(WCAG) 2.1. This is accomplished by evaluating web accessibility of home
pages of 45 higher education institutions of CEMAC, selected from Webometrics
portal, with automated tools (Mauve++ and Lighthouse). The results show that
universities from CEMAG region do not comply with WCAG 2.1 Level AA and
that stakeholders need to make great efforts to reverse this situation.

Keywords: Web accessibility, WCAG 2.1, evaluation tools, people with
disabilities, universities, CEMAC.

1. Introduction

The number of Internet users is growing every year. Currently, 66.3% of the world's
population and 39.7% of Africa’'s population have access to the Internet [1]. In this era
of the information society, universities around the world have embraced the web to
provide information services such as e-learning, e-administration, digital repositories
of their scholarly production, etc. The importance of access to digital services through
the Web was demonstrated during the containment of the Covid-19 pandemic [2]; those
universities that could not provide online education had difficulty continuing.
According to the United Nations Convention on the Rights of Persons with Disabilities
(CRPD), the Internet should be accessible to everyone. Worldwide, 15% of the
population live with some form of disability that poses barriers to equal use of the Web
[3]; about 80 million of them live in Africa [4].

There are differences in web accessibility performance between developed and
developing countries, with the former performing better [5]. The web accessibility
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status of developing countries in the Central African region is not widely known due to
a lack of research [4]. This is the reason for this research, which aims to shed some light
on the level of compliance with the Web Content Accessibility Guidelines (WCAG) by
universities in Cameroon, Central African Republic, Chad, Congo, Equatorial Guinea
and Gabon. This main objective can be broken down into the following specific
objectives:
o Evaluate the web accessibility compliance of universities in the Central
African Monetary and Economic Community (CEMAC) against WCAG
2.1 using automated evaluation tools.
e Aggregate web accessibility scores by country and compare their
performance.

The rest of the article is structured as follows: Background, describes the background
information needed to understand web accessibility, its standards and regulations and
the status of adoption; Methodology, presents the methodology carried out to evaluate
and validate accessibility on websites from CEMAC; Results and Discussions, presents
and discusses the results on web accessibility performance in CEMAC; and finally,
Conclusions, presents the conclusions based on the results and possible future work that
could derive from this research.

2. Background

2.1. Web Accessibility Evaluation

The main source of web accessibility standards is the World Wide Web Consortium
(W3C). The W3C has been publishing WCAG [6] since 1999. In 2008, WCAG version
2.0 was published and in 2012 it became the ISO/IEC 40500:2012 standard. However,
this study will evaluate web accessibility against WCAG 2.1, which was released on 5
June 2018 and is the current recommendation of the W3C. WCAG 2.2 has also become
a proposed recommendation [7], but no tool has implemented it yet.

Enforcement of web accessibility is increasing around the world in the form of
guidelines, laws and recommendations [8]. The most important current web
accessibility legislation is the Americans with Disabilities Act (ADA) and Section 508
from the United States of America; the Accessibility for Ontarians with Disabilities Act
(AODA) from Canada; the European Accessibility Act (EEA) and the European
Standard EN 301549 from the European Union.

Web accessibility can be evaluated in three ways: by subject matter experts, by
automated evaluation tools, and by the interactions of people with disabilities. The
most widely used method, which is less affected by subjective opinions, is automated
evaluation by online tools. However, a combination of automated and manual
evaluation is sometimes necessary, as these automated tools do not detect all possible
web accessibility issues [9].

2.2. About Central African Monetary and Economic Community

The CEMAC is made up of six neighbouring countries: Cameroon, Central African
Republic, Chad, Congo, Equatorial Guinea and Gabon. All these countries share the



same currency, the CFA franc (XAF), and the free movement of goods and people [10].
Its main mission is to promote the harmonious development of its member states within
a common market. All countries in the CEMAC region have signed and ratified the
CRPD [11], but there is no information on specific web accessibility legislation from
these countries.

2.3. Related Works

Many researchers have studied the web accessibility of universities around the world.
Most of these research studies have shown that universities are not compliant with the
WCAG guidelines and that great efforts need to be made in this direction. To conduct
these studies, most of the authors used automated web accessibility evaluation tools
(AWAET), although some others used manual evaluation.

Mafez-Carvajal et al [12] carried out a study to evaluate top university websites in
Spain, Chile and Mexico and concluded that the three countries analysed had low levels
of web accessibility on the selected websites.

Ismail et al [13] analysed the accessibility of Indian university websites using AWAET
(Achecker and WAVE); the results showed poor compliance with WCAG 2.0
guidelines.

Ismailova et al [14] evaluated the accessibility of top university websites in
Kyrgyzstan, Azerbaijan, Kazakhstan and Turkey. The evaluation was done using the
Achecker tool against WCAG 2.0 and conformance levels A, AA and AAA. The study
revealed that Turkish web developers pay more attention to web accessibility, although
the four countries did not perform well.

Campoverde-Molina et al [15] carried out a systematic literature review on the
accessibility of universities worldwide. The study includes 42 papers, most of which
evaluated websites against ISO/IEC 40500:2012 and Section 508. It was found that
most universities have significant accessibility issues.

With a focus on African universities, some research is worth mentioning. For
example, Verkijika et al [16] conducted a study on the accessibility of South African
university websites using AChecker and TAW tools. They found that all the universities
evaluated had accessibility errors and did not comply with WCAG 2.0 guidelines. A
similar study was conducted by Kiruki et al [17], which consisted of evaluating the
accessibility and usability of library websites for students with visual and physical
disabilities in public universities in Kenya. The study sample included 91 students with
physical disabilities, 86 students with visual disabilities, 133 library staff, six university
librarians, six systems librarians and six disability mainstreaming staff. The results
indicated that people with physical and visual disabilities in public university libraries
in Kenya are excluded from accessing and using relevant websites.

Another study was carried out by Ohaju [18] by comparing the web accessibility of
universities from Europe and Africa against WCAG 2.0. The study used six AWAETS
(CheckMyColours, TAW, WAVE, AChecker, W3C HTML validator and CSS
validator) for evaluation. The study included 16 universities and the results concluded
that European universities performed better, particularly the University of Szczecin in
Poland.

Agangiba et al [19] carried out an assessment of the accessibility of the websites of
higher education institutions in Ghana for the visually impaired. The results showed



that most of these websites were not perceptible and operable, thus creating barriers to
access for the visually impaired. The results also identified critical accessibility errors
in the websites.

3. Methodology

In order

to verify the compliance of the CEMAC universities with the WCAG 2.1

guidelines, the procedure described in Figure 1 was followed.

Phase 1: Webometrics

45 universities from African countries that belong to CMAC community

¥

Perform web accessibility evaluation with AWAET tools (Achecker+ and

Phase 2: Evaluation with AWAET Tools

Mauve++)

\ 4

Present and discuss the results obtained from phase 2, aggregated by country.

Phase 3: Results and Discussions

\ g

Establish conclusions from the findings of step 3 and propose future works derived from

Phase 4: Conclusions and Future Works

this research.

Fig. 1. Methodology used in this research.

The depicted methodology on Figure 1 comprises the following steps:

1.

Select a list of universities from CEMAC and their corresponding websites
from Webometrics [20]. The Shanghai ranking list was another option, but
Webometrics was chosen because of its good division of information by
continent, which makes it very easy to find information about universities
in a particular region.

Select an AWAET and perform a web accessibility check on the websites
of selected universities. The chosen AWAET should be WCAG 2.1
compliant and provide a high number of free scans. Based on these
requirements, AChecks and Mauve++, among others, were selected [21].
The AChecks tool can perform free web accessibility evaluations using
AChecker and Tingtun for WCAG 2.0 and Lighthouse for WCAG 2.1.
Mauve is another tool that can also perform evaluations for WCAG 2.0 and
2.1; it provides two options, fast static web page evaluation and slower
accurate server-side evaluation. For this research, web accessibility



evaluations will be performed against WCAG 2.1 and conformance Level
AA, so Lighthouse and Mauve ++ will be chosen. Mauve will perform
static web page evaluations. The threshold for a site to be considered
accessible in this research is set at 85; therefore, Lighthouse and Mauve++
web accessibility scores should be 85 (or above) out of 100. Universities
whose websites cannot be evaluated by the selected AWAET will be
removed from the sample.

3. To present and discuss the results of phase 2 in accordance with the
objectives of the study. The data will be aggregated by country using the
statistical tool Tableau Public. The aggregated data consists of statistical
calculations related to web accessibility scores, such as the mean
accessibility score of each country, the median, lower and upper scores for
each country, the number of universities per country, the score interval for
most universities of a given country and the entire CEMAC.

4. Draw conclusions from the findings of step 3 and suggest future work that
can be derived from this research.

4. Results and Discussion

Table 1 shows the selected universities from the CEMAC region, and their
corresponding web accessibility score derived from phases 1 and 2 of Figure 1. Some
universities were excluded because their websites were not accessible. The final sample
consisted of 39 universities and only one (Université de Moundou) reached the
threshold of 85 points. The scores shown are the average of the scores provided by the
Lighhouse and Mauve++ tools. The names of the universities are hyperlinked to their
websites. The Université de Moundou in Chad has the highest score and the Institut de
Formation et de Recherche Démographiques Cameroun has the lowest.

These web accessibility scores are very poor and show that universities in the
CEMAC region are not paying attention to web accessibility and therefore people with
disabilities are facing barriers in accessing their websites. Internet use has become such
an integral part of people's daily lives around the world, and the poor web accessibility
performance of universities in the CEMAC region highlights the potential exclusion of
people with disabilities from accessing their websites.

There were no web accessibility statistics available for countries in the CEMAC
region. Therefore, these results can serve as a baseline for the situation of web
accessibility in the universities of Cameroon, Central African Republic, Chad, Congo,
Equatorial Guinea and Gabon.

Accessibility includes people with a wide range of visual, hearing, physical, speech,
cognitive, language, learning and neurological disabilities. A truly accessible website
should be perceivable, operable, understandable, and robust. Failure to meet WCAG
2.1 conformance Level AA means that CEMAC's websites have serious accessibility
barriers and are not usable and understandable. Not usable means that user interface
components and navigation from these websites are not operable; and not
understandable means that information and user interface operation are not
understandable.



Table 1. Universities of CEMAC and their web accessibility scores by country, based on
AChecker+ and Mauve++

Cameroon Chad

Université de Dschang 71.50 | EcoleNationale d'Administration | 65.50
Tchad

University of Buea 64.50 | Université Emi Koussi 77.50

Université de Ngaoundéré 69.50 | Université de Moundou 85.00

Université de Yaounde | 66.00 | Institut Universitaire des Sciences | 83.00
et Techniques dAbeche

University of Maroua 81.00 | Central Africa Republic

Université de Douala 72.50 | Université de Bangui | 7350

Université de Bamenda 73.50 | Congo

Université Catholique d'Afrique 73.00 | Denis sassou Nguesso University | 80.00

Centrale

Université de Yaoundé 11 70.50 | Equatorial Guinea

ICT University 67.50 | Universidad Nacional de Guinea 84.00
Ecuatorial

Institut de Formation et de 55.00 | Unversidad Afroamericana de | 80.50

Recherche Démographiques Africa Central

Cameroun

Saint Monica Higher Institute 76.50 | Gabon

Bamenda University of Science and | 67.00 | Université de Masuku 75.00

Technology

Université Protestante d'Afrique 80.00 | Ecole de Management du Gabon 81.00

Centrale

Catholic University Institute of 79.00 | BBS School Gabon 80.50

Buea CUIB

Catholic University of Cameroon 80.50 | Ecole de Mines et de la 75.00
Métallurgie de Moanda E3MG

Ecole Nationale d'Administration et | 83.50 | Institut National des Sciences de | 69.00

de Magistrature ENAM Gestion Gabon

Fomic Polytechnic 73.00 | Institut des Techniques Avancées | 74.00

National Polytechnic Bamenda 66.50 | Institut National de la Poste 65.00

(National Polytechnic Bambui)

Institut Universitaire de la Cote 70.00 | Universite des Sciences de la 62.00
Sante

Saint Lawrence University SLU 66.50 | Normale Superieure de Libreville | 75.50

Cameroon

Institut Universitaire Bengono 71.50

Toure Genevieve IUBTG

Table 2 presents information on web accessibility derived from phase 3 of Figure 1.
The aggregation by country was done using the statistical tool Tableau Public. Most
universities scored between 73 and 80. As the number of universities from each country
in the sample is different, the web accessibility score of CEMAC (73.44) is calculated
as a weighted average of the country scores. This confirms that universities from
CEMAC still need to make great efforts to improve web accessibility and comply with
the mandates of the CRPD, which their countries have ratified.
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http://uss-universite.ga/
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https://www.slu-edu.org/
https://www.slu-edu.org/
https://enslibreville.org/
https://iubtgedu.org/
https://iubtgedu.org/

Table 2. Web Accessibility of CEMAC aggregated by country.

Mean Median Min/Max Lower/Upper | Universities
Hinge

Cameroon 71.75 71.50 55.00/83.50 67.00/76.50 22.00
Central African 73.50 73.50 73.50/73.50 73.50/73.50 1.00
Republic
Chad 77.75 80.25 65.50/85.00 71.50/84.00 4.00
Congo 80.00 80.00 80.00/80.00 80.00/80.00 1.00
Equatorial 82.25 82.25 80.50/84.00 80.50/84.00 2.00
Guinea
Gabon 73.00 73.00 62.00/81.00 69.00/75.50 9.00
CEMAC 76,36 75.63 55.00/85.00 73.00/80.00 39
CEMAC 73.44
Weighted Mean
5. Conclusions

The evidence presented here confirms that web accessibility is still a challenge in

the CEMAC region and globally, as shown in the literature review. The main
contribution of this study is to provide statistics on web accessibility that can serve as
a baseline for future studies on web accessibility at universities in Cameroon, Central
African Republic, Chad, Congo, Equatorial Guinea and Gabon.

In the future, this study can be extended by evaluating the web accessibility of the

top 100 universities in Africa and comparing their performance with the top 100
universities in other continents, based on the Webometrics ranking.
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