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Resumen

We need to make every

single thing accessible

to every single person with

a disability.

Stevie Wonder (Lewis, Chamel, Mohsenin, Ots, y White, 2018, pag. 275)

Los juegos serios, incluyendo las simulaciones interactivas, son un poderoso medio de
apoyo al aprendizaje de los estudiantes universitarios (Martin y Betrus, 2019). Entre
los principales beneficios de las simulaciones estd el de aclarar conceptos y mejorar la
comprension de los diferentes temas que se imparten en las instituciones de ensenanza
superior. Varios autores estan de acuerdo en que los juegos serios mejoran la capacidad
de comprension de los estudiantes a medida que aprenden (Cheng, Chen, Chu, y Chen,
2015).

La Organizacion de las Naciones Unidas considera que la Educacion para Todos
(EPT) involucra el acceso a la educacion para todas las personas incluidas a las personas
con discapacidad. De igual forma, la Organizacion Mundial de la Salud (OMS) en su
reporte sobre la discapacidad (World Health Organization [WHO|, 2017) revela que
més de mil millones de individuos sobrellevan algin tipo de discapacidad, este valor
representa el 15 % de la poblacién mundial.

Asimismo, existen millones de juegos serios basados en la Web, de diferentes tema-
ticas. Este estudio se centra en los juegos serios educativos; no todos los existentes
son accesibles, la accesibilidad se asume como la finalidad de lograr que los juegos se-
rios puedan ser utilizados por el mayor nimero de personas, independientemente de
las capacidades, conocimientos, y caracteristicas de los dispositivos tecnolégicos que se
utilicen para interactuar con las aplicaciones.

En este contexto, el compromiso con este tema de gran interés educativo y social
surge desde el ano 2015 bajo la direcciéon del Dr. Sergio Lujan Mora en calidad de
director de esta tesis.

Por supuesto, el uso de juegos serios puede ser una alternativa a las herramientas di-
décticas actuales (Kazimoglu, Kiernan, Bacon, y Mackinnon, 2012), pero estos recursos



Resumen

deben ser cuidadosamente disenados para que su utilidad sea valorada. Aunque el uso
de los videojuegos ha aumentado en los Estados Unidos y en varios paises europeos, es
necesario evaluar su eficacia, que puede estar sujeta, como ocurre con otros medios, a
un diseno didactico adecuado, su correcta aplicaciéon, asi como a la accesibilidad.

La evaluacion de la accesibilidad de los videojuegos es un factor crucial para pro-
mover la evaluacion de su contenido educativo. Entre los principales beneficios de un
videojuego accesible, se pueden enumerar los siguientes: 1) permite la inclusion de todo
tipo de usuarios; 2) mejora el acceso al contenido educativo; 3) ayuda a lograr mejores
resultados de aprendizaje; 4) permite la reutilizacion del contenido en miltiples dispo-
sitivos; y 5) permite a los usuarios con una discapacidad permanente o temporal recibir
y comprender su contenido educativo, asi como poder utilizarlo correctamente.

Por lo tanto, la accesibilidad es esencial para proporcionar una mejor interaccion
entre los usuarios y los juegos serios. Sin duda, la razén principal para disenar juegos
serios accesibles es proporcionar acceso a un nimero mas significativo de usuarios,
incluidas a las personas con algin tipo de discapacidad.

Por consiguiente, para lograr que los juegos serios basados en la Web sean accesibles
e inclusivos se sugiere aplicar las normas que establece el World Wide Web Consor-
tium |[W3C| (1997). Este estudio se centra en las Web Content Accessibility Guidelines
(WCAG) 2.1 (World Wide Web Consortium [W3C|, 2018), aplicadas a la Web pero
que se adaptan a los juegos serios para reducir las barreras de acceso.

Esta investigacion se orienta en estudiar la accesibilidad en los juegos serios basados
en la Web aplicados al area educativa, ademas, este estudio se enfoca a las personas
interesadas en conocer el estado de la cuestion relacionado con la accesibilidad y los
estandares de las WCAG 2.0 y 2.1 en los juegos serios y la importancia de utilizar estas
normas.

En esta investigacion se propone aplicar un método combinado para evaluar la accesi-
bilidad en los juegos serios, teniendo en cuenta las WCAG 2.1. Se evalué la accesibilidad
de 82 juegos serios, tomados de forma aleatoria, desarrollados en HTML5 por Physical
Education Technology (PhET) Interactive Simulations de la Universidad de Colorado
(Martin y Betrus, 2019).

PhET ofrece simulaciones divertidas, gratuitas e interactivas en Matematicas, Bio-
logia, Quimica, Ciencias de la Tierra y Fisica (Cheng y otros, 2015) que se basan en la
investigacion. Tiene un total de 83 simulaciones desarrolladas en HT'ML5, 57 aplica-
ciones en Java via CheerplJ, 63 simulaciones desarrolladas en Java, y 12 aplicaciones en
Flash. Las aplicaciones pueden ser ejecutadas en linea o descargadas a un ordenador.
Todas las simulaciones incluyen el codigo fuente HTML5 y Javascript de PhET, que
se encuentra en la pagina GitHub de PhET.

Esta investigacion puede servir como guia para que los disenadores y desarrolladores
de juegos serios apliquen las WCAG 2.1 con un nivel aceptable de accesibilidad; ade-
més, este estudio puede aportar referencias para futuros trabajos relacionados con la
accesibilidad en los juegos serios basados en la Web.

En la primera fase se realiz6 una revision de la literatura (Salvador-Ullauri, Acosta-
Vargas, y Lujan-Mora, 2020) que permiti6 identificar el estado actual de los juegos
serios basados en la Web y la accesibilidad, esto posibilité identificar los estudios que
aplican las WCAG 2.1 y los estudios de juegos serios relacionados con las discapacidades
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sensoriales, motoras y cognitivas.

En la segunda fase, en la evaluacion de la accesibilidad de los juegos serios, se aplico
un método combinado de accesibilidad que permiti6 comprobar los estandares de la
WCAG 2.1 (W3C, 2018). El método combinado (Salvador-Ullauri, Acosta-Vargas, Gon-
zalez, y Lujan-Mora, 2020a) fue aplicado a un caso de estudio para probar que se puede
replicar a cualquier juego serio basado en la Web, en esta fase, se cont6 con el aporte de
dos expertos en accesibilidad Web. Finalmente, en la tercera fase se implemento6 la eva-
luacion heuristica (Salvador-Ullauri, Acosta-Vargas, Gonzalez, y Lujan-Mora, 2020b)
de accesibilidad para juegos serios; en la cual se aplicé tres modificaciones al método
de Barrier Walkthrough (BW) propuesto por Brajnik y Lomuscio (2007).

Los resultados de la presente investigacion fueron publicados durante los anos 2016 y
2020, después de pasar por procesos de revision ciega por pares, en revistas y congresos
indexados en Web of Science (WOS) y Scopus. Se han realizado un total de siete
publicaciones principales: tres articulos en revistas de alto impacto con cuartil Q2 con
indice de impacto en Journal Citation Reports (JCR), tres articulos de congreso y un
capitulo de libro. Los articulos publicados se presentan en orden cronolégico:

1. Produccion de videojuegos orientados a la ensenanza mediante lenguajes de pro-
gramacion por bloques aplicables a aulas virtuales mediante SCORM. Capitulo
de libro. Octaedro. 2016.

2. Juego serio movil de calculo binario para personas con discapacidad visual. Con-
ferencia ATICA. 2017.

3. A Serious Game Accessible to People with Visual Impairments. Conferencia
ACM. Indexada en Scopus. 2017.

4. Accessibility Evaluation of Video Games for Users with Cognitive Disabilities.
Conferencia [HSI. Indexada en Scopus. SJR Q3. 2020.

5. Combined Method for Evaluating Accessibility in Serious Games. Revista Applied
Sciences. JCR IF= 2.474. Q2. SJR Q1. 2020.

6. Web-Based Serious Games and Accessibility: A Systematic Literature Review.
Revista Applied Sciences. JCR IF= 2.474. Q2. SJR Q1. 2020.

7. A Heuristic Method for Evaluating Accessibility in Web-based Serious Games for
Users with Low Vision. Revista Applied Sciences. JCR IF= 2.474. Q2. SJR Q1.
2020.

Los articulos uno, dos, tres y cuatro fueron trabajos previos en los que se estudid
el desarrollo de juegos serios y sus problemas de accesibilidad, para las personas con
problemas de visién y problemas cognitivos.

En paralelo, se trabajo en el anélisis de la literatura; nunca se paré de revisar la
literatura existente, que se plasmoé en el trabajo seis, que fue publicado después del
articulo cinco.
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Resumen

Se propuso el método combinado en el trabajo cinco; y posterior a este, un método
heuristico para evaluar la accesibilidad de las personas con baja vision que se plasma
en el siete.

La comprobacion de la accesibilidad de un juego serio basado en la Web es un
reto esencial para los expertos y no expertos en accesibilidad. Los usuarios que sufren
cambios relacionados con la edad, como la baja visiéon, mala audicion y disminucion de
la motricidad, entre otros, presentan barreras para acceder a los juegos serios.

Los principales resultados que se han obtenido de este trabajo son: 1) caracterizar la
accesibilidad de los juegos serios educativos considerando las discapacidades sensoriales,
motrices y cognitivas; 2) proponer un método combinado para la evaluacion de la
accesibilidad aplicando las WCAG 2.1; 3) probar un método heuristico para evaluar
la accesibilidad en juegos serios, caso especifico usuarios con baja vision; 4) compartir
los datos de los experimentos en repositorios abiertos para la réplica y difusion de la
investigacion en accesibilidad en juegos serios.

En este estudio se encontrdé que varios de los juegos serios evaluados no cumplen
los requisitos de accesibilidad establecidos en las WCAG 2.1. El mayor ntimero de los
problemas identificados con relacion a la accesibilidad de los juegos serios indican que es
esencial robustecer las politicas de accesibilidad en cada pais y difundir los lineamientos
para que los juegos serios sean mas accesibles e inclusivos.

Los futuros trabajos deberian seguir analizando la evolucion de la accesibilidad de
los juegos serios, al compartir datos abiertos que permitan identificar el mayor niimero
de barreras de accesibilidad de tal forma que se apliquen los correctivos del caso. Se
recomienda analizar los errores mas frecuentes y aplicar las mejores précticas para
lograr juegos serios mas inclusivos que cumplan con las WCAG 2.1.

Durante el proceso de revision de literatura en un filtrado de cuatro fases con el
método PRISMA se encontrd que no existen herramientas automaticas para la revision
de la accesibilidad en juegos serios. Tampoco se encontraron métodos de evaluacion de
la accesibilidad para los juegos serios basados en la Web. También se identificaron que
varias soluciones de accesibilidad se logran con la aplicacion de tecnologias de asistencia
o rampas digitales especialmente para la discapacidad motora.

Esta investigacion presenta como propuesta un método combinado y un método
heuristico para ayudar en la evaluacién de la accesibilidad de cualquier juego serio
basado en la Web. La propuesta incluye una nueva heuristica con rangos de persistencia
que ayudan a los evaluadores a tener una aproximaciéon mas realista de la severidad
de una barrera o impedimento de accesibilidad entre el juego serio y los usuarios. Se
sugiere replicar estos métodos propuestos para diversos tipos de usuarios considerando
las respectivas barreras de discapacidad.

Como resultado de la investigacion se encontré que ninguno de los juegos selec-
cionados en la muestra alcanz6 un nivel aceptable de accesibilidad. Por lo tanto, los
desarrolladores de los juegos serios y las empresas que estan a la vanguardia de apli-
caciones de juegos serios deben realizar esfuerzos significativos para perfeccionar la
accesibilidad en los juegos serios.

Por ultimo, se anima a los disenadores y programadores de juegos serios a aplicar y
difundir los lineamientos establecidos en las WCAG 2.0 y 2.1 como punto de partida a
la hora de construir aplicaciones inclusivas y accesibles.
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Abstract

Serious games, including interactive simulations, are a powerful means of suppor-
ting college student learning (Martin y Betrus, 2019). Among the simulations’ primary
benefits is to clarify concepts and improve the understanding of the different topics
taught in higher education institutions. Several authors agree that serious games im-
prove students’ comprehension capacity as they learn (Cheng y otros, 2015).

On the other hand, the United Nations Organization considers that Education for
All (EFA) involves access to education for all people, including people with disabi-
lities. Similarly, the World Health Organization (WHO) in the report on disability
(WHO, 2017) reveals that more than one billion individuals live with some disability,
representing 15 % of the world’s population.

Likewise, there are millions of serious games based on the Web, of different themes;
in this study, we focus on the educational serious games; not all the existing ones are
accessible, the accessibility is assumed as the purpose to achieve that the serious games
can be used by the most significant number of people, independently of the capacities,
knowledge, and characteristics of the technological devices that are used to interact
with the applications.

In this context, the commitment to this topic of great educational and social interest
has arisen since 2015 under the direction of Dr. Sergio Lujan Mora as director of this
thesis. Of course, the use of serious games can be an alternative to the current didactic
tools (Kazimoglu y otros, 2012), but these resources must be carefully designed so that
their usefulness is valued. Although the use of video games has increased in the United
States and several European countries, it is necessary to evaluate their effectiveness,
which may be subject, as with other media, to an appropriate didactic design, as well as
to accessibility. The evaluation of the accessibility of video games is a crucial factor in
promoting the evaluation of their educational content. Among the main benefits of an
accessible video game, we can list the following: 1) it allows the inclusion of all types of
users; 2) it improves access to educational content; 3) it helps to achieve better learning
results; 4) it allows the reuse of the content in multiple devices; and 5) it allows users
with a permanent or temporary disability to receive and understand its educational
content, as well as to be able to use it correctly.
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Abstract

Therefore, accessibility is essential to provide better interaction between users and
in serious games. Without a doubt, the main reason for designing accessible serious
games is to provide access to a more significant number of users, including people with
disabilities. Therefore, to make Web-based serious games accessible and inclusive, we
suggest applying the standards set by the W3C (1997); in our study, we will focus on
the Web Content Accessibility Guidelines (WCAG) 2.1; (W3C, 2018), applied to the
Web but adapted to serious games to reduce access barriers.

This research is oriented to study the accessibility in the serious games based on
the Web applied to the educational area; besides, this study is focused on the peo-
ple interested in knowing the state of the matter related to the accessibility and the
standards of the WCAG 2.0 and 2.1 in the serious games and the importance of using
these standards. In this research, we propose to apply a combined method to evalua-
te accessibility in serious games, taking into account WCAG 2.1. We evaluated the
accessibility of 82 serious games, taken at random, developed in HTML5 by Physical
Education Technology (PhET) Interactive Simulations of the University of Colorado
(Martin y Betrus, 2019). PhET offers fun, free, interactive simulations in Mathematics,
Biology, Chemistry, Earth Science, and Physics (Cheng y otros, 2015) that are based
on research. It has 83 simulations developed in HTML5, 57 applications in Java via
CheerpJ, 63 simulations developed in Java, and 12 applications in Flash. The applica-
tions can be executed online or downloaded to a computer. All simulations include the
HTMLS5 source code and PhET’s Javascript, which can be found on PhET’s GitHub
page.

This research can guide serious game designers and developers to apply WCAG 2.1
with an acceptable level of accessibility; furthermore, this study can reference future
work related to accessibility in serious Web-based games.

In the first phase, we performed a literature review (Salvador-Ullauri, Acosta-Vargas,
y Lujan-Mora, 2020), which allowed us to identify the current status of Web-based
serious games and accessibility to identify studies applying WCAG 2.1 and studies of
serious games related to sensory, motor, and cognitive disabilities.

In the second phase, in evaluating the accessibility of serious games, we applied a
combined accessibility method to check the WCAG 2.1 standards (W3C, 2018). The
combined method (Salvador-Ullauri, Acosta-Vargas, Gonzalez, y Lujan-Mora, 2020a)
was applied to a case study to prove that the method can be replicated to any serious
Web-based game; in this phase, we have the contribution of two experts in Web acces-
sibility. Finally, in the third phase, we implemented the heuristic evaluation (Salvador-
Ullauri, Acosta-Vargas, Gonzalez, y Lujan-Mora, 2020b) of accessibility for serious
games; in which three modifications were applied to the Barrier Walkthrough (BW)
method proposed by Brajnik y Lomuscio (2007).

The results of this research were published during 2016 and 2020, after going th-
rough blind peer review processes, in journals and congresses indexed in Web of Science
(WOS) and Scopus. A total of seven main publications have been made: three articles
in high-impact journals with Q2 quartile with impact index in Journal Citation Re-
ports (JCR), three conference articles and a book chapter. The published articles are
presented in chronological order:

1. Production of video games oriented to teaching through block programming lan-



guages applicable to virtual classrooms through SCORM. Book chapter. Octahe-
dron. 2016.

2. Serious mobile game of binary calculus for visually impaired people. ATICA Con-
ference. 2017.

3. A Serious Game Accessible to People with Visual Impairments. Indexed in Sco-
pus. 2017.

4. Accessibility Evaluation of Video Games for Users with Cognitive Disabilities.
Indexed in Scopus. SJR Q3. 2020.

5. Combined Method for Evaluating Accessibility in Serious Games. Applied Scien-
ces Journal. JCR IF= 2.474. Q2. SJR Q1. 2020.

6. Web-Based Serious Games and Accessibility: A Systematic Literature Review.
Applied Sciences Magazine. JCR IF= 2.474. Q2. SJR Q1. 2020.

7. A Heuristic Method for Evaluating Accessibility in Web-based Serious Games for
Users with Low Vision. Applied Sciences Magazine. JCR TF— 2,474. Q2. SJR Q1.
2020.

Articles one, two, three, and four were previous works in which the development of
serious games and their accessibility problems for people with vision and cognitive
problems were studied.

At the same time, work was done on the literature analysis; it never stopped reviewing
the existing literature; this was reflected in work six, which was published after article
five.

The combined method was proposed in paper five. Furthermore, following this is a
heuristic method for accessibility for people with low vision embodied in seven.

Testing the accessibility of a serious Web-based game is an essential challenge for
accessibility experts and non-experts alike. Users who suffer age-related changes, such
as low vision, poor hearing, and decreased motor skills, among others, present barriers
to accessing serious games.

The main results obtained from this work are: 1) to characterize the accessibility of
educational serious games considering the sensory, motor, and cognitive disabilities; 2)
to propose a combined method for the evaluation of accessibility applying the WCAG
2.1; 3) to test a heuristic method to evaluate the accessibility in serious games specific
case users with low vision; 4) to share the data of the experiments in open repositories
for the replication and diffusion of the research in accessibility in serious games.

In this study, we found that several serious games evaluated violate the accessibility
requirements set out in WCAG 2.1. The more significant number of issues identified
regarding the accessibility of serious games indicate that it is essential to strengthen
accessibility policies in each country and disseminate guidelines to make serious games
more accessible and inclusive.

Future work should continue to analyze the evolution of accessibility of serious games
by sharing open data to identify the most significant accessibility barriers so that
appropriate corrections can be applied. We recommend analyzing the most frequent
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errors and applying best practices to achieve more inclusive serious games that comply
with WCAG 2.1.

During the literature review process in four-stage filtering with the PRISMA method,
we found no automatic tools for accessibility review in serious games. We also found
no accessibility evaluation methods for Web-based serious games.

We also identified that several accessibility solutions are achieved using assistive
technologies or digital ramps, especially for motor disabilities. Our proposal presents a
combined method and a heuristic method to assist in the accessibility evaluation of any
serious Web-based game. Our proposal includes a new heuristic with persistence ranges
that help evaluators have a more realistic approach to the severity of an accessibility
barrier or impairment between the serious game and the users. We suggest replicating
these proposed methods for various types of users considering the respective disability
barriers.

As a result of our research, we found that none of the games selected in the sam-
ple reached an acceptable level of accessibility. Therefore, serious game developers and
companies at the forefront of serious game applications should make significant efforts
to improve accessibility in serious games. Finally, we encourage designers and program-
mers of serious games applications to apply and disseminate the guidelines established
in WCAG 2.0 and 2.1 as a starting point when building inclusive and accessible serious
games.
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1 Introduccidn

1.1. Motivacion

La Web ha cambiado la forma en que la gente se comunica y se relaciona con los
demés. La tecnologia ha generado un impacto continuo en la sociedad y el compor-
tamiento de los individuos. El creciente acceso a la Web y la variedad de dispositivos
que nos permiten interactuar con ella han hecho posible que los estudiantes elijan las
herramientas y servicios que mejor se adaptan a sus necesidades, y asi personalizar la
experiencia de aprendizaje (Kompen, Edirisingha, Canaleta, Alsina, y Monguet, 2019).

Los juegos serios son “juegos que no tienen como objetivo principal el entretenimiento,
o la diversion” (Michael y Chen, 2005, pag. 21). Los principales objetivos de los juegos
serios pueden ser, entre otros, la educacion, la formacion, la gestion de los recursos
humanos y la mejora de la salud (Lau, Smit, Fleming, y Riper, 2017). Los juegos
serios basados en la Web constituyen un area en crecimiento gracias a la mejora de los
navegadores y las tecnologias utilizadas en la Web (de Castro Lozano, 2015), que han
reducido la brecha entre las aplicaciones de escritorio y las de la Web. Segiin Statista
(2020), se espera que el mercado de los juegos serios crezca de 3,500 a 24,000 millones
para el ano 2024. La tendencia de los juegos serios basados en la Web presenta varios
beneficios:

1. Reforzar el aprendizaje en los procesos educativos de forma virtual y a distancia
(Kompen y otros, 2019).

2. Usar las aplicaciones sin necesidad de descargar, instalar y configurar.
3. Interactuar con las aplicaciones en cualquier momento y espacio.
4. Actualizar la aplicacion automéaticamente con la tltima version.

5. Usar las aplicaciones con menos problemas técnicos debido a conflictos de software
o hardware con otras aplicaciones.
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Hoy en dia, hay muchos juegos serios basados en la Web, pero los desarrolladores no
suelen preocuparse por su accesibilidad. La accesibilidad (World Wide Web Consortium
[W3C], 2008) tiene como objetivo garantizar que las aplicaciones puedan ser utilizadas
por el maximo nimero de personas, independientemente de sus capacidades y de las
caracteristicas técnicas del equipo utilizado para acceder a la aplicacion. De acuerdo
con las Web Content Accesibility Guidelines (WCAG) 2.1, algunas pautas ayudan a
validar las paginas Web y las aplicaciones, incluyendo los juegos serios, haciéndolas
mas accesibles para todas las personas. En este estudio se identifican y comparan los
articulos relacionados con la accesibilidad en los juegos serios basados en la Web. Se
presenta una revision sistemaética de la literatura (RSL) (Kitchenham, 2004; Petersen,
Feldt, Mujtaba, y Mattsson, 2008) que permite examinar la accesibilidad de los jue-
gos serios. La pregunta de investigacion considerada es: ;Qué estandares de evaluacion
de la accesibilidad han sido utilizados por los desarrolladores para crear juegos serios
basados en la Web? Este estudio define las cadenas de consulta que permiten encon-
trar la investigacion més significativa relacionada con la accesibilidad en los juegos
serios (Aguado-Delgado, Gutiérrez-Martinez, Hilera, De-Marcos, y Oton, 2020). Para
determinar la cadena de consulta, se aplic6 la estructura en términos de poblacién,
intervencion, comparacion y resultado (PICO) (Eriksen y Frandsen, 2018). Esta RSL
permitio: 1) esbozar los problemas relevantes para los juegos serios basados en la Web
y los estudios de accesibilidad; 2) identificar como la accesibilidad esta implicada en los
juegos serios; 3) determinar las pautas de accesibilidad basadas en las WCAG, y 4) iden-
tificar las tecnologias y dispositivos de asistencia utilizados para lograr la accesibilidad
en los juegos serios segtin la discapacidad. Después de un proceso de extraccion de 476
estudios, se seleccion6é una colecciéon de 47 estudios primarios utilizando los Elementos
de Informacion Preferidos para Revisiones Sistematicas conocidos como Preferred Re-
porting Items for Systematic Reviews and Meta-analysis (PRISMA) (Garcia-Holgado
y Garcia-Penalvo, 2018; Prisma-Statement, 2015), y el diagrama de flujo en el proceso
de seleccion. La propuesta presenta, ademas, un método combinado que ayuda a los
expertos en accesibilidad a evaluar los juegos serios. En esta investigacion se parte de
la siguiente pregunta de investigacion: ;Qué métodos de evaluacion de la accesibili-
dad en juegos serios han utilizado los investigadores para evaluar los serious games?
Previamente para identificar el estado de la cuestion para este tema se definieron las
cadenas de busqueda que permitieron encontrar el mayor niimero de tépicos relaciona-
dos con la accesibilidad en juegos serios considerando la discapacidad visual. Se sugiere
replicar este método para usuarios con otros tipos de discapacidad, teniendo en cuenta
las diferentes barreras identificadas. La entidad encargada de regular los estandares
de Internet es el World Wide Web Consortium (Song y otros, 2017; World Wide Web
Consortium [W3C]|, 2015) que se basa en la Web Accessibility Initiative (WAI) (World
Wide Web Consortium [W3C], 2016), y sirve de base para aplicar la evaluacion de la
accesibilidad de los juegos serios.

La Figura 1.1 muestra la btisqueda de Google Trends' relacionada con las aplica-
ciones Web, los juegos serios y las aplicaciones moviles realizadas en la Web en los
ultimos cinco anos. Se encontr6 que los términos “juegos serios” y “aplicaciones Web”
comenzaron a intensificarse a partir de 2019.

https://trends.google.es/trends/
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Figura 1.1: Tendencia de los juegos serios basados en la Web en Google Trends
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La accesibilidad en los juegos serios (Jaramillo-Alcazar y Lujan-Mora, 2017) tiene
por objeto garantizar que los juegos serios puedan ser utilizados por el méximo nimero
de personas para acceder a ellos. Los autores sugieren aplicar los cuatro principios de
las WCAG 2.1. Varios estudios (Aguado-Delgado y otros, 2020; Jaramillo-Alcazar y
Lujan-Mora, 2017) muestran una falta de compromiso por parte de los disenadores
para implementar la accesibilidad. Por esta razon, hay un bajo porcentaje de juegos
serios accesibles. Actualmente, los juegos serios se han incorporado a los procesos de
ensenanza-aprendizaje. Por lo tanto, es esencial garantizar la accesibilidad (Lopez,
Medina, y de Lope, 2016) para que el mayor nimero de personas pueda usarlos.

Los autores Jaramillo-Alcazar, Lujan-Mora, y Salvador-Ullauri (2017) presentan un
analisis de las pautas de accesibilidad para el desarrollo de videojuegos orientados a
las personas que presentan discapacidades cognitivas. Los autores proponen una herra-
mienta de evaluacion para el desarrollo de juegos serios para dispositivos moviles.

Finalmente, los autores Salvador-Ullauri, Lujan-Mora, y Acosta-Vargas (2016a) in-
dican que es un gran desafio implementar juegos serios para apoyar los procesos de
aprendizaje de las personas con discapacidades cognitivas. Los autores evaluaron diez
videojuegos serios utilizando los principios de diseno establecidos por las WCAG 2.0
(W3C, 2008). Los resultados revelaron que las aplicaciones no alcanzan un nivel de
accesibilidad adecuado para ser utilizadas por personas con problemas cognitivos. Sin
embargo, si cumplen con algunos de los requisitos de accesibilidad.

1.2. Objetivos

El objetivo principal de esta tesis es desarrollar un proceso para evaluar la accesibi-
lidad en los juegos serios basados en la Web y aplicar un método manual, debido a que
no se cuenta con herramientas de evaluacién automatica, asi como con algin método
que ayude en el proceso de evaluacion manual. Los objetivos especificos fueron:

Objetivo 1 Caracterizar los problemas mas relevantes sobre juegos serios basados en
la Web y la accesibilidad.

Objetivo 2 Identificar las pautas de accesibilidad que se aplican a los juegos serios
basados en la Web.
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Objetivo 3 Detectar los diferentes enfoques de los juegos serios basados en la Web
para las discapacidades cognitivas, motoras y sensoriales.

Objetivo 4 Identificar las pautas de accesibilidad basadas en las WCAG que se aplican
a los juegos serios para determinar las tendencias y las lagunas en el desarrollo
de los juegos serios.

Objetivo 5 Proponer un método manual para evaluar los juegos serios para usuarios
con baja vision.

1.3. Meétodo de trabajo

Para cumplir con los objetivos 1 y 2 se aplicé una evaluacion manual y automética
de accesibilidad sobre un grupo de videojuegos educativos basados en la Web. Para el
objetivo 3y 4 se aplico una combinacion de las metodologias Kitchenham (Kitchenham,
2004; Kitchenham y otros, 2009) y PRISMA (Moher, Liberati, Tetzlaff, y Altman, 2009;
Urratia y Bonfill, 2010) y con lo cual se realizé una revision sisteméatica de literatura
para la propuesta del método heuristico de accesibilidad en juegos serios.

Finalmente, para el desarrollo del objetivo 5 se utilizé un método manual combina-
do y se aplico una modificaciéon a la metodologia Website Accessibility Conformance
Evaluation Methodology (WCAG-EM) 1.0 aplicado a juegos serios (World Wide Web
Consortium [W3C], 2014).

1.4. Estructura de la tesis

Esta tesis contiene cuatro partes principales: 1) Sintesis, 2) Trabajos publicados, y
3) Conclusiones. La primera seccion contiene el resumen del trabajo realizado e incluye
los siguientes capitulos:

Capitulo 1 Introduccion, contiene: objetivos, método de trabajo, estructura de la tesis
y convenciones de escritura.

Capitulo 2 Publicaciones, contiene: un breve descripcion de las publicaciones realiza-
das en revistas de alto impacto y algunos congresos que sirvieron de apoyo en
esta investigacion.

Capitulo 3 Visibilidad, contiene: perfiles académicos, pagina personal, sitio Web y
reconocimiento.

Capitulo 4 Descripcion del trabajo realizado, contiene: la caracterizacion del problema
de los juegos serios para el area educativa, el estado de la cuestién mediante la
revision de literatura con el método PRISMA y la evaluacion de la accesibilidad
en juegos serios educativos basados en la Web.

La segunda parte contiene los trabajos completos publicados con el propodsito de
cumplir con los objetivos de la presentaciéon de la tesis doctoral por compendio
de articulos y abarca los siguientes capitulos:
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Capitulo 5 Lista de publicaciones, contiene: una breve descripciéon temporal de las
publicaciones realizadas en esta investigacion.

Capitulo 6 Articulo “Produccion de videojuegos orientados a la ensenanza median-
te lenguajes de programaciéon por bloques aplicables a aulas virtuales mediante
SCORM” publicado en el libro Octaedro, incluye la referencia, aporte y el texto
completo.

Capitulo 7 Articulo “Juego serio movil de calculo binario para personas con discapa-
cidad visual” publicado en el Congreso Internacional sobre Aplicaciéon de Tec-
nologias de la Informacion y Comunicaciones Avanzadas (ATICA), incluye la
referencia, aporte y el texto completo.

Capitulo 8 Articulo “A Serious Game Accessible to People with Visual Impairments”
publicado en la Novena Conferencia Internacional sobre Educacion Tecnologia y
Computadoras, incluye la referencia, aporte y el texto completo.

Capitulo 9 Articulo “Accessibility Evaluation of Video Games for Users with Cog-
nitive Disabilities” publicado en la Novena Conferencia Anual Internacional de
Educacion, Investigacion e Innovacion, incluye la referencia, aporte y el texto
completo.

Capitulo 10 Articulo “Combined Method for Evaluating Accessibility in Serious Ga-
mes” publicado en la revista Applied Sciences, incluye la referencia, aporte y el
texto completo.

Capitulo 11 Articulo de revision “Web-based Serious Games and Accessibility: A Sys-
tematic Literature Review” publicado en la revista Applied Sciences, incluye la
referencia, aporte y el texto completo.

Capitulo 12 Articulo “A Heuristic Method for Evaluating Accessibility in Web-based
Serious Games for Users with Low Vision” publicado en la revista Applied Scien-
ces, incluye la referencia, aporte y el texto completo.

La tercera parte contiene dos capitulos:

Capitulo 13 Conclusiones y Contribuciones, contiene: las conclusiones obtenidas y las
contribuciones de esta investigacion.

Capitulo 14 Trabajos futuros y recomendaciones, contiene: los trabajos que pueden
realizarse a futuro y las recomendaciones para el éxito de dichos trabajos.

Capitulo A Apéndice, contiene: varios articulos relacionados que dan soporte a este
trabajo de investigacion.

1.5. Convenciones de escritura

En esta tesis se utiliza el acronimo WCAG 2.0 y 2.1 para hacer referencia a los
estandares de la Web Content Accessibility Guidelines, ademas, se utiliza WCAG-EM
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1.0 para Website Accessibility Conformance Evaluation Methodology.Al hacer referen-
cia al método heurfstico de recorrido de la barrera se usa BW que significa Barrier
Walkthrough.

Los acronimos se construyen con las primeras letras del texto y se acompanan de
la definicién entre paréntesis en la primera vez que aparecen en el texto. Por ejemplo,
BW (Barrier Walkthrough).

Las citas se transcriben en el idioma original de la referencia de donde proceden.

Algunas de las figuras que se incluyen provienen de las publicaciones que conforman
el compendio, las mismas que han sido traducidas al idioma espanol.

Las palabras de un idioma diferente al castellano que se utilizan en algunos parrafos
de texto se representan en letra cursiva. Por ejemplo, Journal Citation Report.

Debido al origen del autor, cuando existen sinénimos se representan en los términos
mas utilizados en Sudamérica (Ecuador). Por ejemplo, computador por ordenador.

Para las cifras numéricas como separador de miles se utiliza la coma y para los
decimales el punto. Por ejemplo; 5,343.58 se lee cinco mil trescientos cuarenta y tres
con cincuenta y ocho.



2 Publicaciones

A lo largo del desarrollo de la presente tesis doctoral, y en relacion con los aportes,
se han realizado las siguientes publicaciones cientificas:

Revistas Tres (Salvador-Ullauri, Acosta-Vargas, Gonzalez, y Lujan-Mora, 2020a; Salvador-
Ullauri, Acosta-Vargas, vy Lujan-Mora, 2020; Salvador-Ullauri, Acosta-Vargas,
Gonzalez, y Lujan-Mora, 2020b)

Congresos Tres (Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora, 2020; Salvador-Ullauri,
Jaramillo-Alcazar, y Lujan-Mora, 2017; Salvador-Ullauri, Jaramillo-Alcazar, y
Lujan-Mora, 2017)

Capitulos de libro Uno (Salvador-Ullauri, Lujan-Mora, y Acosta-Vargas, 2016¢)

2.1. Revistas

Las revistas cientificas donde se han publicado articulos se detallan en la Tabla 2.1,
incluyendo identificador unico, nombre, ISSN, pais, factor de impacto JCR IF (Journal
Citation Report Impact Factor), ranking en la categoria de JCR y factor de impacto
SJR (SCImago Journal Rank). Todos los articulos publicados en revistas que fueron
sometidos a procesos de revisién ciega por pares, corresponden a:

1. “Combined Method for Evaluating Accessibility in Serious Games” (Salvador-
Ullauri, Acosta-Vargas, Gonzalez, y Lujan-Mora, 2020a). Este articulo fue publi-
cado en la revista Applied Sciences. En el capitulo 10 se detalla el contenido del
articulo.

2. “Web-based Serious Games and Accessibility: A Systematic Literature Review”
(Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora, 2020). Este articulo fue publi-
cado en la revista Applied Sciences. En el capitulo 11 se detalla el contenido del
articulo.



2 Publicaciones

Id. | Revista JCRIF | SJR
Multidisciplinary Digital Publishing Institute,
Applied Sciences, ISSN: 2076-3417. United States.
Special Issue Human Factors in the Digital Society.
Vol: 10. Num: 18.

Multidisciplinary Digital Publishing Institute,
Applied Sciences, ISSN: 2076-3417. United States.
Special Issue Human Factors in the Digital Society.
Vol: 10. Num: 21.

Multidisciplinary Digital Publishing Institute,
Applied Sciences, ISSN: 2076-3417. United States.
Special Issue Human-Computer Interaction.

Vol: 10. Num: 24.

J1 2.474-Q2 | 042 - Q1

J2 2.474- Q2 | 0.42 - Q1

J3 2.474- Q2 | 0.42 - Q1

Tabla 2.1: Descripcion de las revistas

3. “A Heuristic Method for Evaluating Accessibility in Web-based Serious Games
for Users with Low Vision” (Salvador-Ullauri, Acosta-Vargas, Gonzalez, y Lujan-
Mora, 2020b). Este articulo se publico en la revista Applied Sciences. En el ca-
pitulo 12 se detalla su contenido.

2.2. Congresos

En las memorias de los congresos se publicaron los articulos que se detallan en la
Tabla 2.2. Se incluye el identificador tinico, nombre, indexaciéon en Scopus o Web of
Science, pais, ciudad y fecha de realizacion del congreso. Todos los congresos fueron
sometidos a procesos de revision ciega por pares. Los articulos publicados en memorias
en orden cronolégico de publicacion corresponden a:

1. “Accessibility Evaluation of Video Games for Users with Cognitive Disabilities”
(Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora, 2020). Este articulo fue publi-
cado en el congreso Cl1.

2. “A Serious Game Accessible to People with Visual Impairments” (Salvador-Ullauri
y otros, 2017). Este articulo fue publicado en el congreso C2.

3. “Juego serio movil de calculo binario para personas con discapacidad visual”
(Salvador-Ullauri y otros, 2017). Este articulo fue publicado en el congreso C3.

2.3. Capitulos de libros

En esta secciéon se lista un capitulo de libro relacionado con la temética en estudio,
publicado por la editorial Octaedro que se encuentra en el puesto nimero 48 de entre

10



2.3 Capitulos de libros

ID | Congreso Pais/Ciudad | Fechas
3rd International Conference on
Intelligent Human Systems Integration Ttalia/ Febrero
C1 | (IHST 2020). Modena 19 - 21,
Indexado en EI-Compendex, Scopus 2020

y publicado en ACM Digital Library.
9th International Conference on

Education Technology and Computers Espaiia/ Diciembre
C2 | (ICETC 2017). Barr’celona 20 - 22,
Indexado en EI-Compendex, Scopus 2017

y publicado en ACM Digital Library.
8th International Congress on

Application of Advanced Information . Octubre
L ) Colombia/
C3 | and Communications Technologies Medellin 25 - 27,
(ATICA 2017). 2017

Publicado en el libro de actas del congreso.

Tabla 2.2: Descripcion de los congresos

272 editoriales a nivel general de acuerdo con el ranking Scholarly Publishers Indicators
(SPI).

1. “Produccion de videojuegos orientados a la ensenanza mediante lenguajes de pro-
gramacion por bloques aplicables a aulas virtuales mediante SCORM” (Salvador-
Ullauri y otros, 2016¢).
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3 Visibilidad

Durante la formacion del doctorado, se impartieron cursos y talleres de actualiza-
cién continua para fomentar la visibilidad de la produccion cientifica que permitieron
incrementar el impacto de los resultados en la comunidad cientifica. Por lo cual fue
esencial la seleccion de revistas y congresos para la presentacion y divulgacion de los
trabajos realizados, los repositorios cientificos y los lugares de indexacion, se detallan
en la Tabla 3.1. Los articulos publicados estan disponibles en varias bases de datos
cientificas entre ellas:

= Scopus muestra 30 articulos como se presenta en la Figura 3.1.
= WOS muestra 18 articulos como se presenta en la Figura 3.2.
» DBLP muestra 8 articulos como se presenta en la Figura 3.3.

A noviembre de 2020, se tiene una estadistica de un total de 90 citas fuertes. En
resumen, se cuentan con 90 citas en Scopus, 35 en WOS y 184 citas en Google Scholar.

3.1. Perfiles académicos

Se han creado los perfiles académicos que se detallan en la Tabla 3.2.

3.2. PAagina personal

La Figura 3.4 presenta una captura de la pagina personal ! que se ha actualizado de
forma permanente con la informacion de la produccion cientifica en orden cronolégico.

http://saccec.com/LuisSalvador/HojaDeVida/Trabajos.html
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3 Visibilidad

1D Repositorio Publicaciones | Otras
cientifico principales publicaciones
RC1 | ACM 2
RC2 | IEEE Xplore 4 2
RC3 | Springer 3 17
RC4 | Revistas cientificas online | 3
RC5 | Editoriales de libros 1
Otros repositorios
RC6 | .00 TP 3 9
digitales-Mendeley
Total 16 28
Tabla 3.1: Repositorios cientificos
Author search  Sources @ m
Salvador-Ullauri, Luis
0] , Alicante, Spain
https://orcid.org/0000-0001-6348-7870 4 View Mendeley profile
£ Edit profile
Metrics overview Document & citation trends Most contributed Topics 2015-2019
30 18 . 52
Documents by author 2 o
E g
99 —
a
Citations by 72 documents o . E/-l M o
2016 m Documents w Citations 2020
5
h-index:
30 Documents Q Preprir?

Figura 3.1: Articulos en Scopus
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3.2 Pagina personal

Web of Science  InCites  Journal Citation Reports  Essential Science Indicators  EndNote  Publons  Kopernic  Master Journal List Luis v Ayuda » Espaiiol v

Web of Science  Clarivate

Buscar Herramientas ~ Biisquedas y alertas » Historial de bisqueda Lista de registros marcados

Salvador-Ullauri, Luis BETA

No reclamado: este es un registro de autor generade algoritmicamente @ ;s usted este autor?
Universitat d'Alacant ResearcherlD de Web of Science: C-3538-2017 @ Si es el autor de este registro, haga clic
Dept Software & Comp Syst en "Reclamar este registro” para

ALICANTE, SPAIN verificar sus documentos. Cuando
actualice su lista de publicaciones en

publons.com, se enviard
automdticamente una solicitud para
actualizar este registro de autor

Nombres alternativos: Salvador-Ullauri, Luis  Antonio Salvador-Ullauri, Luis

Organizaciones: €
20192020  Universitat d'Alacant .

Reclamar este registro
2016-2020  Escuela Politecnica Nacional Ecuador

2018-2018  Ctr Educ Continua EPN

20162017 EPN
Red de citas @

18 publicaciones de la Coleccion principal de Web of|  Ver como conjunto de resultados para exportar, analizar y enlazar al Hrindex
Science texto completo 5
Ordenado por Fecha: la mas reciente primero Filtrar por: ~ AllPublications - 4 1 de 10 Total de veces citado
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La Figura 3.5 presenta una captura de la pagina de Google Académico en donde se
presenta el nimero de las citas alcanzadas y los respectivos indices.

3.4. Perfil en Researchgate

La Figura 3.6 presenta una captura del perfil en Researchgate.
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4 Descripcion del trabajo realizado

I wish for a world that views disability,

mental or physical, not as a hindrance but as unique
attributes that can be seen as powerful

assets if given the right opportunities.

Oliver Sacks (Western Washington University, 2019)

4.1. Caracterizacion del problema

La accesibilidad en los juegos serios (Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora,
2020) tiene por objeto garantizar que este tipo de juegos puedan ser utilizados por
diversidad de personas. En esta investigacion sugerimos aplicar los cuatro principios
de las WCAG 2.1. Varios estudios (Aguado-Delgado y otros, 2020; Jaramillo-Alcazar y
Lujan-Mora, 2017) muestran una falta de compromiso por parte de los disenadores de
aplicaciones destinadas a la educaciéon para implementar la métodos de accesibilidad.
Por esta razon, existe un bajo porcentaje de juegos serios accesibles. Actualmente, los
juegos serios se han incorporado a los procesos de ensenanza-aprendizaje. Por lo tanto,
es esencial garantizar la accesibilidad (Lopez y otros, 2016) para que el mayor numero
de personas puedan usarlos. Los autores Jaramillo-Alcazar y otros (2017) presentan un
analisis de las pautas de accesibilidad para el desarrollo de videojuegos; este estudio esta
orientado a las discapacidades cognitivas. También proponen categorizar las pautas que
deben utilizarse para analizar la accesibilidad de los videojuegos, especialmente de los
juegos serios. Los autores presentan una herramienta de evaluacién para el desarrollo
de juegos serios destinados a dispositivos moviles.

Tras el articulo, los autores (Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora, 2020)
indican que es un gran desafio implementar juegos serios para apoyar los procesos de
aprendizaje de las personas con discapacidades cognitivas. Los autores evaluaron diez
videojuegos serios utilizando los principios de diseno establecidos por las WCAG 2.0
(W3C, 2008). Los resultados revelaron que las aplicaciones no alcanzan un nivel de
accesibilidad adecuado para ser utilizadas por personas con problemas cognitivos. Sin
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embargo, si cumplen algunos de los requisitos de accesibilidad.

4.2. Recopilacion del estado de la cuestién

Las WCAG 2.1 (W3C, 2018) definen como hacer que el contenido del sitio Web sea
més accesible para las personas con discapacidades. La accesibilidad incluye discapaci-
dades visuales, auditivas, fisicas, del habla, cognitivas, del lenguaje, del aprendizaje y
neurologicas. Estas directrices también ayudan a facilitar el acceso a los juegos serios
basados en la Web para los adultos mayores con capacidades cambiantes debidas al
envejecimiento y, a menudo, facilitan la interacciéon con los juegos serios y los usuarios.

4.3. Accesibilidad en juegos serios basados en la
Web

Segtin Park y Kim (2013), la accesibilidad en los juegos serios permite garantizar
que cualquier usuario, bajo cualquier circunstancia técnica, pueda acceder al contenido
mostrado por la aplicacion; por esta razon, en esta investigacion se aplican los criterios
de la WCAG 2.1 (W3C, 2018), especificamente la version oficial del 5 de junio de 2018,
que proporciona recomendaciones para hacer el contenido mas accesible. La WCAG
2.1 consiste en 4 principios, 13 directrices y 78 criterios de cumplimiento, e incluye un
numero indeterminado de técnicas y consejos suficientes. Los cuatro principios son los
mismos que los presentados en WCAG 2.0 (W3C, 2008):

= Principio 1: Perceptible. Todos los usuarios deben ser capaces de percibir el
contenido de forma visual, sonora o tactil.

= Principio 2: Operable. Todos los usuarios deben ser capaces de utilizar y
navegar por los componentes de la interfaz.

= Principio 3: Comprensible. Tanto el contenido como los controles de la interfaz
para su gestion deben ser comprensibles para el usuario.

= Principio 4: Robusto. Todo el contenido debe ser robusto para ser interpretado
de manera fiable por el nimero més significativo de usuarios con tecnologias
actuales y futuras.

Las directrices de la WCAG 2.1 (W3C, 2018) proponen criterios de éxito asociados
a uno de los siguientes niveles de cumplimiento: Nivel “A”: Nivel minimo de accesibi-
lidad, cuando no se alcanza, los usuarios no pueden acceder al contenido de la Web;
Nivel “AA”: Nivel intermedio, implica que es dificil para los usuarios acceder al conte-
nido; Nivel “AAA”: Nivel maximo, cuando los usuarios pueden acceder al contenido sin
dificultad.

Los autores encontraron varios estudios de accesibilidad en simulaciones interactivas
como parte de los juegos serios, que contribuyen a esta investigacion. Todos estos
trabajos fueron seleccionados teniendo en cuenta el interés de la comunidad cientifica
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de integrar a las personas con discapacidades, en el mundo académico, utilizando las
nuevas tecnologias.

Araijo y otros (2017) sostienen que los videojuegos son cada vez méas populares
pero no son accesibles, lo que representa un desafio importante para los expertos en
accesibilidad y los disenadores de juegos. Los autores presentan un estudio sobre las
directrices y recomendaciones existentes en materia de accesibilidad en los videojuegos
y proponen 10 recomendaciones de diseno para las personas con discapacidad visual.

Cairns, Power, Barlet, y Haynes (2019) indican que los videojuegos proporcionan una
salida cultural en la que se puede incluir a mas jugadores e interactuar para realizar
actividades de forma equilibrada entre los diferentes usuarios. Este evento es posible si
creamos entornos de disenno que ofrezcan oportunidades de inclusion.

Los autores sugieren incluir las pautas con un lenguaje de accesibilidad del juego;
proponen 1) incluir una estructura para el vocabulario del juego, 2) capacitar para
enfrentar los desafios del juego, y 3) mejorar la experiencia del jugador. Ademéas, mues-
tran como la incorporacion de las pautas en el desarrollo de los videojuegos proporciona
experiencias accesibles a un ntimero mas significativo de usuarios.

Park y Kim (2013) argumentan que la legislacion de las pautas de accesibilidad
podria garantizar el facil acceso al contenido de la Web, pero no al contenido de los
videojuegos, ya que los contenidos de la Web o de una aplicaciéon moévil consisten en
informacion razonablemente sencilla en comparacion con los contenidos de los videojue-
gos. El contenido del videojuego incluye un ntimero mas significativo de 1) personajes,
2) jugadores, 3) conflictos entre ellos, y 4) actualizacion de un personaje al completar
una misién. Por lo tanto, explican que es necesario analizar y clasificar las pautas de
accesibilidad para evaluar cada videojuego.

Waki, Fujiyoshi, y Almeida (2015) afirman que, actualmente, la falta de accesibilidad
en los juegos digitales impone barreras a las personas con discapacidades. Los autores
proponen un proceso para evaluar un conjunto de pautas integradas. Los resultados
revelaron que el conjunto de pautas integradas permite determinar la accesibilidad de
los juegos digitales y perfeccionar estas pautas.

Westin, Ku, Dupire, y Hamilton (2018) formularon que la accesibilidad en los video-
juegos consiste en eliminar las posibles barreras que impiden a las personas con dis-
capacidad acceder a los videojuegos. Los autores comparan los criterios de la WCAG
2.1 con un conjunto de pautas de accesibilidad para los juegos digitales. Comparan 107
directrices para juegos accesibles.

Wilson y Crabb (2018) indican que los videojuegos, en particular los juegos en dispo-
sitivos moviles, han evolucionado rapidamente en todo el mundo. Uno de los problemas
identificados en este tema es la accesibilidad a la que se enfrentan los usuarios, espe-
cialmente si tienen algin tipo de discapacidad. En conclusion, los autores pudieron
determinar el conocimiento que tenian los participantes de las pautas de accesibilidad
e identificar opiniones sobre la importancia de aplicar las pautas de accesibilidad al
crear contenidos para los juegos moviles.

Spyridonis y Daylamani-Zad (2020) argumentan la falta de compromiso de los dise-
nadores en la aplicacion de los criterios de accesibilidad de la WCAG sobre el diseno
de juegos serios. Proponen: 1) centrarse en el diseno orientado al usuario, 2) identificar
los tipos de usuarios, 3) aplicar los criterios de la WCAG a la mecénica de los juegos
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serios, 4) medir la satisfaccion del usuario y 5) aplicar métodos mixtos. Los resultados
revelan que al aplicar el WCAG, los juegos serios presentaban una soluciéon innovadora
y atractiva.

4.4. Meétodo PRISMA utilizado para la revisién
sistematica de la literatura

Una RSL es un medio para identificar, analizar, evaluar e interpretar cualquier inves-
tigacion que sea relevante para una pregunta de investigacion, un area o un fenémeno
de interés (Kitchenham, 2004). En esta investigacion se comparan los articulos rela-
cionados con la accesibilidad en los juegos serios de la Web. Se presenta una RSL
(Kitchenham, 2004; Petersen y otros, 2008) que permite examinar la accesibilidad de
los juegos serios. Se parte de la siguiente pregunta de investigacion: ;Qué estandares
de evaluacion de la accesibilidad han sido utilizados por los desarrolladores para crear
juegos serios basados en la Web? Este estudio define las cadenas de consulta que permi-
ten encontrar la investigacion més significativa relacionada con la accesibilidad en los
juegos serios (Aguado-Delgado y otros, 2020). Para determinar la cadena de consulta,

se aplica la estructura en términos de poblacion, intervencion, comparacion y resultado
(PICO) (Eriksen y Frandsen, 2018).

Esta RSL permitio: 1) esbozar los problemas relevantes para los juegos serios ba-
sados en la Web y los estudios de accesibilidad; 2) identificar como la accesibilidad
estd implicada en los juegos serios; 3) determinar las pautas de accesibilidad basadas
en las WCAG, y 4) identificar las tecnologias y dispositivos de asistencia utilizados
para lograr la accesibilidad en los juegos serios segin la discapacidad. Después de un
proceso de extraccion de 476 estudios, se selecciond una coleccion de 47 estudios prima-
rios utilizando los Elementos de Informacion Preferidos para Revisiones Sistematicas
(PRISMA) (Garcia-Holgado y Garcia-Penalvo, 2018; Prisma-Statement, 2015) siguien-
do el correspondiente diagrama de flujo en el proceso de seleccion.

Esta RSL (Kitchenham, 2004; Petersen y otros, 2008) define un protocolo de revision,
la pregunta de investigacion y los métodos. Se aplica la declaracion de PRISMA, que
consiste en una lista de 27 elementos y un diagrama de flujo de cuatro fases. El método
PRISMA se utiliza con frecuencia en cuestiones de salud (Moher, Liberati, Tetzlaff,
Altman, y Prisma Group, 2009); este método se adapta para identificar estudios rela-
cionados con la accesibilidad y los juegos serios. Se Adjunta una lista de verificacion
(Apéndice A); en la lista de verificacion de PRISMA, se registra el namero de pagina
o paginas en las que se puede evidenciar el cumplimiento o incumplimiento de los 27
elementos detallados en las siete secciones: 1) Titulo, 2) Resumen, 3) Introduccion, 4)
Métodos, 5) Resultados, 6) Discusion, y 7) Financiacion.

El proceso de revision consta de cinco fases: 1) definicion de las preguntas de in-

vestigacion para revisar el alcance; 2) estrategia de busqueda para obtener todos los
documentos; 3) seleccion y extraccion de los documentos mas relevantes; 4) redaccion
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clave utilizando resiimenes para el esquema de clasificacion, y 5) proceso de extraccion
de datos y revision para obtener los resultados.

4.4.1. Objetivos y preguntas de la investigaciéon

El primer objetivo de este estudio es presentar informacion sobre las investigaciones
méas relevantes sobre los juegos serios publicados en la Web y la accesibilidad. Esta
RSL contiene una serie de articulos de las bibliotecas digitales y detalla los autores, el
ano de publicacion y el factor de impacto del Scimago Journal Rank (SJR).

El segundo objetivo es detectar las diferentes aproximaciones a los juegos serios ba-
sados en la Web para discapacidades cognitivas, motoras y sensoriales.

El tercer objetivo es identificar las pautas de accesibilidad basadas en WCAG apli-
cadas a los juegos serios para determinar las tendencias y las lagunas en el desarrollo
de los juegos serios.

Las preguntas de investigacion se plantean porque los juegos serios han sido amplia-
mente incorporados en los procesos de ensefianza-aprendizaje (Fuster-Guillo y otros,
2019; Hersh y Leporini, 2018). Debido al aumento de su uso, surge la necesidad de ga-
rantizar plenamente su accesibilidad a las personas con discapacidades en los entornos
educativos. Este estudio examina los resultados de los trabajos primarios existentes
publicados sobre la accesibilidad y los juegos serios, para identificar las tendencias
actuales y las cuestiones abiertas en el dominio: las preguntas de investigacion y el
proposito de cada pregunta.

= RQ1. ;Son accesibles los juegos serios basados en la Web que se es-
tan desarrollando hoy en dia?-Investigar la accesibilidad de los juegos serios
basados en la Web que se han desarrollado desde el ano 2000 hasta el presente.

= RQ2. ;Cudles son las propuestas para incrementar la accesibilidad por
discapacidad en los juegos serios basados en la Web?-Identificar las pro-

puestas de accesibilidad por discapacidad que se aplican en los juegos serios ba-
sados en la Web.

= RQ3. ;Cuiles son las soluciones de accesibilidad por discapacidad para
los juegos serios basados en la Web?- Identificar las soluciones existentes por

la discapacidad que se utilizan para lograr la accesibilidad en los juegos serios
basados en la Web.

= RQ4. ;Qué métodos se aplican en el diseno de juegos serios basados en
la Web?- Clasificar los métodos aplicados en el diseno de juegos serios basados
en la Web por discapacidad.

= RQ5. ;Qué tipos de investigacién y contribuciones se utilizan en los
juegos serios basados en la Web y la accesibilidad?-Identificar los tipos de
investigacion y contribucion utilizados en los juegos serios basados en la Web y
la accesibilidad teniendo en cuenta la discapacidad.
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4.4.2. Estrategia de basqueda

Los estudios primarios se identifican mediante una cadena de preguntas derivadas
de las preguntas de investigacion. Sobre la base de las preguntas de investigacion, la
PICO (Eriksen y Frandsen, 2018) se aplico de la siguiente manera:

= Poblacion: estudios publicados.
= Intervencién: accesibilidad, juegos serios basados en la Web.

» Comparacion: estudios seleccionados por discapacidad, accesibilidad basada en
estandares, tipo de investigacion, tecnologias de asistencia y uso de dispositivos
externos.

= Resultado: estudios sobre accesibilidad y juegos serios basados en la Web.

Establecida la PICO, se cre6 la cadena de consulta, como se presenta en la Tabla 4.1.
La buisqueda se realizo el 6 de junio de 2020, y se seleccionaron cuatro bases de datos de
investigacion académica utilizadas en ingenieria para recuperar informacién primaria:
1) ACM Digital Library; 2) IEEE Xplore; 3) Scopus, y 4) Web of Science (WOS).
Las cadenas de consulta para cada fuente elegida se definieron a partir de los términos
de busqueda conectados por los operadores booleanos AND /OR. Ademas, se utilizo el
asterisco (*) como comodin para incluir tanto la forma singular como la plural de cada
término. La Tabla 4.1 muestra la base de datos seleccionada, la cadena de consulta y el
ntimero de estudios extraidos. La cadena de consulta se aplico al titulo de la publicacion
con las palabras clave: “serious”, “game™” y “accesi*”. Se aplicé una sintaxis de busqueda
similar en las cuatro fuentes seleccionadas para mayor coherencia; el periodo examinado
incluy6 estudios publicados entre 2000 y 2020. Se utilizaron cadenas equivalentes para
localizar los mismos articulos, pero cada base de datos tiene su sintaxis especifica.

4.4.3. Revisidon de los documentos

Baséandose en las directrices de la revision de la literatura (Petersen y otros, 2008), la
aplicacion de los criterios de inclusion y exclusion es esencial para filtrar los resultados.
Los criterios de inclusién y exclusion tienen como objetivo obtener estudios primarios
relevantes para responder a las preguntas de investigacion definidas. Las discrepancias
en la seleccién se resuelven por consenso entre los autores.

» Criterios de inclusion: El estudio primario debe estar relacionado con: 1) el
tipo de publicacion en revistas, conferencias, libros y capitulos de libros, que
tratan sobre la accesibilidad en los juegos serios basados en la Web publicados
de 2000 a 2020; 2) estudios primarios revisados por pares; 3) escritos en idioma
inglés.

» Criterios de exclusion: El estudio primario: 1) resume un discurso de apertura,
una introduccioén a un taller o solo un resumen; 2) duplica articulos del mismo
estudio de diferentes fuentes.
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Base de datos Cadena de busqueda Estudios
[Publication Title: accessi*| AND
|Publication Title: serious|] AND
ACM Digital Library | [Publication Date: (01,/01/2000 92
TO 05/31/2020)]

[Publication Title: accessi*| AND
[Publication Title: game*| AND
|Publication Date: (01,/01/2000

TO 05/31/2020)]

((“Document Title™:accessi* serious)

IEEE Xplore OR “Document Title”:accessi* game*) 25
TITLE(accessi* ) AND (TITLE(serious)
Scopus OR TITLE(game*)) 190
: TI= (accessi* serious) OR
Web of Science TT— (accessi* game*) 169
Total de estudios 476

Tabla 4.1: Bases de datos de busqueda

En esta fase, para describir el proceso, se aplica PRISMA (Garcia-Holgado y Garcia-
Penialvo, 2018; Prisma-Statement, 2015), PRISMA se aplica a todo tipo de revisiones
sistematicas y no se limita a los ensayos clinicos. PRISMA ha sido concebido como
una herramienta para ayudar a mejorar la claridad y la transparencia en las revisiones
sistematicas.

El proceso de busqueda y seleccion se coloca en un diagrama de flujo; las fases del
proceso sirven como guia para el revisor de la literatura. Este proceso incluye: 1) las
bases de datos consultadas, indicando el nimero de documentos obtenidos de cada una
de ellas; 2) el nimero de documentos que estan duplicados; 3) el niimero de documentos
eliminados en cada fase del proceso y las razones de la eliminacion, y 4) el nimero de
documentos incluidos en el estudio. En la Figura 4.1 se muestra el diagrama de flujo de
PRISMA con las cuatro fases del proceso de seleccion de los articulos, que se describen
a continuacion:

Fase 1: Identificacién. Se incluyen los registros obtenidos de las btisquedas en las
bases de datos: ACM con 92 documentos, IEEE Xplore con 25 articulos, Scopus con
190 articulos, y WOS con 169. Se extrajeron un total de 476 articulos.

Fase 2: Revisién. Se aplican los criterios de inclusién y exclusion. De los 476
articulos, 201 articulos fueron excluidos porque estaban duplicados en diferentes bases
de datos y 275 articulos fueron incluidos. En el siguiente filtro, se excluyen los estudios
escritos en un idioma distinto al inglés, estudios de revision, resimenes, talleres y
estudios sobre temas distintos a la accesibilidad en los juegos serios; se excluyeron un
total de 228 estudios. Finalmente, un total de 47 revisiones pasaron a la siguiente fase.

Fase 3: Elegibilidad. Tres autores se encargaron de realizar una revisiéon a pro-
fundidad del texto completo de los 47 articulos que se centraban explicitamente en
estudios primarios sobre accesibilidad y juegos serios basados en la Web; no se exclu-
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Preguntas de evaluaciéon
de la calidad

i.Se detalla la accesibilidad de
los juegos serios en el articulo?
i.Se especifica en el documento
QA2 | el método de evaluacion de la (-+1) Si/(-+0) No
accesibilidad de los juegos serios?
. Discute el documento algin
QA3 | hallazgo de la evaluacion de la (+1) Si/(+0) No
accesibilidad de los juegos serios?
L Estén descritos los errores
QA4 | estandar de accesibilidad de los (+1) Si/(+0) No
juegos serios dentro de los resultados?

N° Respuesta

QA1 (+1) Si/(+0) No

(-+1) si esta clasificado Q1,
;La revista o la conferencia en la (+0.75) si esta clasificado Q2,
QA5 | que se publico el articulo esta (+0.50) si esta clasificado Q3,
indexada en SJR? (+0.25) si esta clasificado Q4,

(+0.0) si no esta indexado.

Tabla 4.2: Lista de verificacion de la evaluaciéon de la calidad de los articulos

yo ningun articulo de texto completo. Ademas, se evaluo la calidad de los articulos
de investigacion que responden a la accesibilidad en los juegos serios; aplicando una
“evaluacion de calidad” de los articulos seleccionados.

El proposito de esta evaluacion de calidad es sopesar la importancia de cada uno de
los articulos seleccionados, cuando se discuten los resultados, y orientar la interpreta-
cion de las conclusiones (Kitchenham, 2004).

Cada evaluacion obtiene una puntuaciéon de uno por el cumplimiento de cada clau-
sula: 1) ;Se detalla en el documento la accesibilidad a los juegos serios basados en la
Web? 2) ;Se especifica en el articulo el método de evaluacion de la accesibilidad de los
juegos basados en la Web? 3) ;Discute el articulo los resultados de la evaluacion de la
accesibilidad en los juegos serios basados en la Web? 4) ;Se describen los problemas de
accesibilidad de los juegos serios basados en la Web? 5) jEsta la revista en la que se
publico el articulo indexada en el SCImago Journal Rank (SJR)? La Tabla 4.2 presenta
la lista de control de la evaluacion de la calidad.

Fase 4: Incluida. Se registraron 47 articulos en texto completo en la sintesis cuan-
titativa. La Figura 4.1 muestra que no se ha anadido ningin registro adicional.

4.4.4. Palabras claves y clasificacién

Para las palabras clave y la clasificacion, se aplicaron los conceptos: 1) Esquema de
clasificacion, que consiste en un proceso de lectura de restimenes, btusqueda de palabras
clave y conceptos que reflejen la contribucion del estudio primario para asegurar que
los resultados deseados sean cubiertos en la revision de la literatura, proporcionando en
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Identificacién

Registros identificados mediante
busaueda en BDD : ACM (92),
IEEE (25), Scopus (190), WOS
(169),
(mn=476)

Registros adicionales
identificados de otras
fuentes

=0

Examen

Eligibilidad

Incluidos

Y

Y

(n=275), excluidos (201)

Registros después de eliminar duplicados

'

Registros examinados

(n=275)

\ 4

Articulos de texto completo
evaluados para eligibilidad

A 4

Registros excluidos: otros
asuntos diferentes a
accesibilidad, idioma distinto al
Inglés, revisién, resumen (n=228)

(n=47)

Y

Y

Articulos de texto completo
excluidos
(n=0)

Estudios incluidos el la
sintesis cuantitativa
(n=47)

Figura 4.1: Diagrama de flujo PRISMA
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la introduccién un conjunto de categorias representativas de la poblacion de estudio.

2) Palabras clave que se utilizan para aplicar el esquema de clasificacion en el siste-
ma de revision de la literatura. Se considera la lectura de resimenes, la bisqueda de
palabras clave y el objetivo del estudio relacionado con el contexto.

3) La técnica que permite la clasificacién de articulos relevantes para la extraccion
de datos reales. En esta fase, se utilizan las palabras clave para agrupar y formar
categorias. Se revisan todos los documentos seleccionados. Se leen los documentos, se
actualizan las categorias, se crea una nueva categoria si el documento revela algo nuevo.

Las palabras clave agrupadas por categorias, y sus frecuencias son:

s Clavel = Accesibilidad, Evaluaciéon de accesibilidad, Diseno; con 37 de frecuencia.
» Clave2 = Tecnologia de asistencia; con 3.

= Clave3 = Computadora, asistida, instruccion; con 10.

= Clave4 = Discapacidad; con 5.

» Claveb = Juegos, Juego, juegos serios, videojuegos; con 44.

= Clave6 = Pautas, pautas de accesibilidad; con 14.

= Clave7 = Factores humanos, Interaccion de los sistemas; con 5.

= Clave8 = Discapacidades de las personas; con 25.

= Clave9 = Discapacidades visuales; con 13.

= Clavel0 = Web; con una frecuencia de 6.

4.45. Extraccidon de datos

La extraccion de datos iterativa se dividioé en varias etapas en las que se llevaron a
cabo diferentes actividades. Para extraer la informacion de la Biblioteca Digital ACM,
se exportd al formato BibTeX (BIB). En cambio, la informacion de IEEE Xplore,
Scopus y WOS se exporto en formato Research Information Systems (RIS).

Se importaron los datos de los cuatro archivos a la herramienta StartLapes version
2.3.4.2 (Budgen, Turner, Brereton, y Kitchenham, 2008), que elimina autométicamente
los estudios duplicados. Se aplico el proceso detallado en el diagrama de flujo de PRIS-
MA. Finalmente, se importaron los datos a una hoja de calculo de Microsoft Excel para
continuar el analisis. La Tabla 4.3 presenta los 47 estudios primarios seleccionados y
ordenados por el ano de publicacion méas reciente;contiene el niimero de articulo, el
indicador asignado (se cred con las primeras letras de los apellidos de los dos primeros
autores y el afio de publicacion), el titulo del articulo, el primer autor con el nimero
de referencia y el afio de publicacion.

En esta fase, aplicamos la evaluacion de calidad a los trabajos seleccionados. La
Tabla 4.4 presenta una lista de los trabajos seleccionados, junto con los resultados del
control de calidad. Ademas, se ha creado una columna de normalizacién para utilizar
una escala estandar de 0 a 1.
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# ID Titulo Autores Ano

1 | RS20 | Be Active! Participatory Design of Accessible | Regal G [26] 2020
Movement-Based Games

2 | SD20 | A Serious Game to Improve Engagement with | Spyridonis F [27] 2020
Web Accessibility Guidelines

3 | SA20a| Development of an Accessible Video Game | Salvador-Ullauri L | 2020
to Improve the Understanding of the Test of | [28]
Honey-Alonso

4 | KO20 | Game Accessibility and Advocacy for Partici- | Kaigo M [29] 2020
pation of the Japanese Disability Community

5 | SA20b| Accessibility Evaluation of Video Games for | Salvador-Ullauri L | 2020
Users with Cognitive Disabilities [20]

6 | KT19 | A Study on Accessibility in Games for the | Impaired Khaliq I | 2019
Visually 130]

7 | DF19 | Startup Workplace, Mobile Games, and Older | De Lima Salgado | 2019
Adults: A Practical Guide on UX, Usability, | A [31]
and Accessibility Evaluation

8 | OZ19 | Accessibility Requirements in Serious Games | Othman N [32] 2019
for Low Vision Children

9 | CP19a] Future Design of Accessibility in Games: A | Cairns P [15] 2019
Design Vocabulary

100 CM19| A Guide for Making Video Games Accessible | Compan-Rosique 2019
to Users with Cerebral Palsy P [33]

11| SD19 | A Serious Game for Raising Designer Aware- | Spyridonis F [34] 2019
ness of Web Accessibility Guidelines

12/ CP19b Enabled Players: The Value of Accessible Di- | Cairns P [35] 2019
gital Games

13| MD19| Problem-Based Learning Applied to the De- | Martins V |36] 2019
velopment of Accessible Serious Games

141 JG18 | Towards an Accessible Mobile Serious Ga- | Jaramillo-Alcazar | 2018
me for Electronic Engineering Students with | A [37]
Hearing Impairments

15 KK18 | Bonk: Accessible Programming for Accessible | Kane S [38] 2018
Audio Games

16| JL18a | Accessibility Assessment of Serious Mobile | Jaramillo-Alcazar | 2018
Games for People with Cognitive Impair- | A [19]
ments

17 JL18b| An Approach to Mobile Serious Games Ac- | Jaramillo-Alcazar | 2018
cessibility Assessment for People with Hea- | A [39]
ring Impairments

18/ YC18 | Design of a Game Community Based Support | Yildiz S [40] 2018
System for Cognitive Game Accessibility

190 WK18| Game Accessibility Guidelines and WCAG | Westin T [41] 2018
2.0-A Gap Analysis

200 WC18| W3C Accessibility Guidelines for Mobile Ga- | Wilson A [42] 2018

mes
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#| ID Titulo Autores Ano

21] LP17a| A Mobile Educational Game Accessible to | Leporini B [43] 2017
All, Including Screen Reading Users on a
Touch-Screen Device

22 SJ17 | A Serious Game Accessible to People with Vi- | Salvador-Ullauri L | 2017
sual Impairments |44]

23| JL17 | Mobile Serious Games: An Accessibility As- | Jaramillo-Alcazar | 2017
sessment for People with Visual Impairments | A [17]

24/ LP17b| An Inclusive Educational Game Usable via | Leporini B [45] 2017
Screen Reader on a Touch-Screen

25 PC17 | Game Accessibility Guidelines for People | Pereira A [46] 2017
with Sequelae from Macular Chorioretinitis

26/ AF17 | Mobile Audio Games Accessibility Evaluation | Aratjo M [47] 2017
for Users Who Are Blind

27/ LM16 | Interaction in Video Games for People with | Lopez J [18] 2016
Impaired Visual Function: Improving Acces-
sibility

28 HS16 | Using Video Game Patterns to Raise the In- | Henka A [48] 2016
trinsic Motivation to Conduct Accessibility
Evaluations

29 DZ15 | Accessible Games for Blind Children, Empo- | Drossos K [49] 2015
wered by Binaural Sound

300 WF15| Games Accessibility for Deaf People: Evalua- | Waki A [50] 2015
ting Integrated Guidelines

31| Pol4 | Understanding and Addressing Real-World | Porter J R [51] 2014
Accessibility Issues in Mainstream Video Ga-
mes

32 MB14 | BraillePlay: Educational Smartphone Games | Milne L [52] 2014
for Blind Children

33 TS14 | Development of a Game Engine for Accessible | Torrente J [53] 2014
Web-based Games

34] PK13 | Guidelines of Serious Game Accessibility for | Park H [54] 2013
the Disabled

35 Gal3 | Game Accessibility: Enabling Everyone to | Garber L [55] 2013
Play

36 WW13 Return on Investment in Game Accessibility | Westin T [56] 2013
for Cognition Impairments

37 MM12| Assessment of Universal Design Principles for | Mustaquim M [57] | 2012
Analyzing Computer Games’ Accessibility

38 TV11 | Introducing Accessibility Features in an Edu- | Torrente J [58] 2011
cational Game Authoring Tool: The <e-
adventure>Experience

39 OM10| Accessibility of a Social Network Game Ossmann R [59] 2010

40| GS09 | Designing Universally Accessible Games Grammenos D [60] | 2009
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# ID Titulo Autores Ano

41) MHO8| Accessibility Challenge - a Game Show Inves- | Morgan M [61] 2008
tigating the Accessibility of Computer Sys-
tems for Disabled People

42 MOO08| More than Just a Game: Accessibility in | Miesenberger K | 2008

Computer Games |62]
43 MPO7 | Finger Dance: A Sound Game for Blind Peo- | Miller D [63] 2007
ple

44/ OMO06| Guidelines for the Development of Accessible | Ossmann R [64] 2006
Computer Games

45 GS06 | Access Invaders: Developing a Universally Ac- | Grammenos D [65] | 2006
cessible Action Game

46/ OA06 | Computer Game Accessibility: From Specific | Ossmann R [66] 2006
Games to Accessible Games

47 CLO3 | The TiM Game Engine: Development of | Callaos N [67] 2003
Computer Games Accessible to Blind and
Partially Sighted Children

Tabla 4.3: Lista de articulos seleccionados para la revisiéon

Se ha utilizado la normalizacion (Jain y Bha, 2011), que preserva la relacion entre los
valores de los datos originales. Los valores de esta columna se transforman mediante el
uso de la ecuacion 4.1

Valor — min(Valor)

Normalizacion = (4.1)

max(Valor) — min(Valor)

Donde el min(Valor) es igual a 0, el max(Valor) es igual a 5, y el Valor es el valor
calculado en la Tabla 4.4

4.5. Meétodo combinado para la evaluacion de la
accesibilidad en juegos serios

En esta investigacion, se propone la aplicacion de un método combinado para eva-
luar la accesibilidad en los juegos serios, considerando las Pautas de Accesibilidad al
Contenido en la Web (WCAG) 2.1. Como caso de estudio, se evalia la accesibilidad en
82 juegos serios desarrollados por el proyecto PhET (Interactive Simulations, 2019).
La evaluacion comenz6 el 19 de enero de 2020 y terminé el 20 de junio de 2020. En el
estudio participaron dos evaluadores expertos en accesibilidad, que tenian experiencia
desde 2015 y han aportado varios articulos en la materia. Cuando se presetaron dis-
crepancias en la evaluacion, se solicitd la colaboracién de un tercer experto. En este
estudio, el método combinado incluye la aplicacién de dos herramientas automaéticas
y la evaluacién manual. El método de evaluacién se resume en los ocho pasos que se
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Evaluaciéon de la calidad

1D Nombre de la QA1 QA2 QA3 QA4 QAJ Valor Norma-
publicaciéon lizacion

RS20 | International Conference | 1 1 1 1 0 4 0.8
on Tangible, Embedded,
and Embodied Interaction

SD20 | Behaviour Information | 1 1 1 1 0.75 | 4.75 | 0.95
Technology

SA20a| International Conference | 1 1 1 1 0.5 | 4.5 0.9
on Applied Human Factors
and Ergonomics

KO20 | Information 1 1 1 1 0.5 | 4.5 0.9

SA20b| International Conference | 1 1 1 1 0.5 | 4.5 0.9
on Intelligent  Human
Systems Integration

KT19 | International Conference | 1 1 1 1 0 4 0.8
on Smart Objects and
Technologies for Social
Good

DF19 | International Conference | 1 1 1 1 0 4 0.8
on Smart Objects and
Technologies for Social
Good

0719 | International Conference | 1 1 1 1 0 4 0.8
on the Design of Commu-
nication

CP19a| International Journal of |1 1 1 1 1 5 1
Human Computer Studies

CM19 | Universal Access in the In- | 1 1 1 1 0.75 | 4.75 | 0.95
formation Society

SD19 | Conference on Human- |1 1 1 1 0 4 0.8
Computer Interaction

CP19b Games and Culture 1 1 1 1 1 5 1

MD19| Iberian  Conference on |1 1 1 1 0.5 | 4.5 0.9
Information Systems and
Technologies

JG18 | World Engineering Educa- | 1 1 1 1 0 4 0.8
tion Conference

KK18 | Conference on Interaction | 1 1 1 1 0 4 0.8
Design and Children

JL18a | International Conference | 1 1 1 1 0 4 0.8

on Information Systems
and Computer Science
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Evaluacion de la calidad

ID Nombre de la QA1 QA2 QA3 QA4 QA5 Valor| Norma-
publicacién lizacién

JL18b| International Conference | 1 1 1 1 0.5 |45 0.9
on Information Theoretic
Security

YC18 | International Conference | 1 1 1 1 0.2514.25 | 0.85
on ArtsIT

WK18| International Conference | 1 1 1 1 0.75 ] 4.75 | 0.95
on Computers Helping
People with Special Needs

WC18| The Computer Games | 1 1 1 1 0 4 0.8
Journal

LP17a| World Conference on Mo- | 1 1 1 1 0 4 0.8
bile and Contextual Lear-
ning

SJ17 | International Conference | 1 1 1 1 0 4 0.8

on Education Technology
and Computers

JL17 | International Confe- | 1 1 1 1 0 4 0.8
rence on Technological
Ecosystems for Enhancing
Multiculturality

LP17b| ACM SIGACCESS Acces- | 1 1 1 1 0 4 0.8
sibility and Computing

PC17 | Entertainment Computing | 1 1 1 1 0.75 ] 4.75 | 0.95

AF17 | International Conference | 1 1 1 1 0 4 0.8
on Universal Access in
Human-Computer Interac-

tion

LM16 | International Conference | 1 1 1 1 0 4 0.8
on Human  Computer
Interaction

HS16 | International Conference | 1 1 1 1 0.5 | 4.5 0.9
on Applied Human Factors
and Ergonomics

DZ15 | International Conference | 1 1 1 1 0 4 0.8
on PErvasive Technologies
Related to Assistive Envi-
ronments

WF15| International Conference | 1 1 1 1 0 4 0.8
on Universal Access in
Human-Computer Interac-
tion
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Evaluacién de calidad

1D

Nombre de la
publicacién

QA1

QAZ QA3

QA4

QA5

Valor

Norma-
lizacion

Pol4

ACM SIGACCESS Acces-
sibility and Computing

1 1

1

0

0.8

MB14

International ACM SI-
GACCESS Conference on
Computers Accessibility

0.8

TS14

International Conference
on Games and Learning
Alliance

0.75

4.75

0.95

PK13

International Conference
on Information Science
and Applications

0.8

Gal3

Computer

WW13

European Conference of
the Association for the
Advancement of Assistive
Technology in Europe

MM12

International Conference
on Computers for Handi-
capped Persons

0.75

4.75

0.95

TV11

International Conference
on Advanced Learning
Technologies

0.8

OM10

International Conference
on Computers for Handi-
capped Persons

0.75

4.75

0.95

GS09

Computers in Entertain-
ment

0.5

4.5

0.9

MHO08

ACM SIGACCESS Acces-
sibility and Computing

0.8

MOO08

Symposium of the Aus-
trian HCI and usability en-
gineering group

0.8

MPO7

International ACM SI-
GACCESS Conference on
Computers and Accessibi-
lity

0.8

OMO6

International Conference
on Computers for Handi-
capped Persons

0.8
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Evaluacién de calidad
ID Nombre de la QA1 QA2 QA3 QA4 QA5 Valor Norma-
publicacién lizacién
GS06 | International Conference | 1 1 1 1 0 4 0.8
on Computers for Handi-
capped Persons
OAO06 | International ~ Conferen- | 1 1 1 1 0 4 0.8
ce on Computer Games
(CGAMES)
CL03 | World Multiconference on | 1 1 1 1 0 4 0.8
Systemics, Cybernetics
and Informatics

Tabla 4.4: Lista de articulos seleccionados y resultados de la evaluacion de la calidad.

muestran en la Figura 4.2.
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Seleccionar los juegos

serios

Definir el escenario de

prueba

Aplicar el método
combinado
,_isi Registrar los datos de la
SR evaluacién

Clasificar y analizar los
datos

Figura 4.2: Método combinado para evaluar la accesibilidad en juegos serios

Fase 1: Seleccionar los juegos serios. Fn esta fase, se seleccionan los juegos serios
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del proyecto PhET. Para seleccionar el tamano de la muestra, se aplica la ecuaciéon 4.2

NZ2PQ
"TINS)EP ¥ 22PQ (42

Donde n es el tamano de la muestra a calcular, N es el tamano del universo, en
este caso, 87 juegos serios, con un nivel de confianza del 97 %, donde Z corresponde a
2.17, con un margen de error E = 0.03. Aplicando la formula, se obtuvo el valor de 82,
que es el numero de juegos serios, seleccionados secuencialmente, y evaluados en esta
investigacion por los dos expertos en accesibilidad.

La Tabla 4.5 contiene los juegos serios evaluados, incluyendo la identificacion de cada
juego y el nombre de los juegos serios dentro de cada URL. La URL completa se cons-
truye anadiendo al principio de cada direccion https://phet.colorado.edu/sims/html/.
Por ejemplo, la direccion completa del primer juego serio es:

https://phet.colorado.edu/sims/html/acid-base-solutions /latest /acid-base-solutions es.html.

Fase 2: Definir el tipo de usuario. Dos expertos en accesibilidad de aplicaciones
de software llevan a cabo la evaluacion de los juegos serios. Este estudio utilizo los
critrios de la WCAG 2.1 para los usuarios con baja vision (Moreno, Valencia, Pérez,
y Arrue, 2018). Segun la World Health Organization [WHO| (2019), la ceguera y la
deficiencia visual afectan al menos a 2,200 millones de personas en todo el mundo. De
ellas, 1,000 millones tienen una deficiencia visual evitable o que aiin no se ha abordado.
La reduccion de la vision puede tener efectos duraderos en diversos aspectos de la vida,
y con el aumento de la edad, las personas mayores tienden a disminuir su capacidad
visual relacionada con la presbicia (Bourne y otros, 2017)

Baséndose en estas definiciones, los expertos en accesibilidad evaluaron los juegos se-
rios aplicando los criterior de la WCAG 2.1 para identificar las barreras de accesibilidad.
Los expertos tienen experiencia en la evaluacion de aplicaciones moviles, accesibilidad
Web y accesibilidad de recursos educativos desde 2015 y han publicado varios articulos
en revistas de alto impacto relacionados con el tema.

Fase 3: Definir el escenario de prueba. En esta fase, se definen los escenarios
para navegar e interactuar en juegos serios y alcanzar la meta. La tarea es: 1) entrar
en los juegos serios, 2) revisar la funcionalidad de cada juego serio, y 3) comprobar si
existen barreras que impidan la accesibilidad para los juegos serios. En este estudio de
caso, una barrera de accesibilidad para una persona con baja vision (Brajnik, 2008)
significa que la persona no puede moverse efectivamente de un punto a otro dentro de
los juegos serios debido a problemas de agudeza visual.

Fase 4: Explorar cada juego serio para evaluarlo. En la cuarta fase, el usuario
explora y se familiariza con los mecanismos de interacciéon de los juegos serios. En
esta fase, los evaluadores identifican: 1) las funcionalidades de los juegos serios; 2) si
el contenido es ajustable con el zoom y la apariencia del juego; y 3) el cambio de
comportamiento segin el dispositivo, el contexto y la configuracion aplicada.

Fase 5: Listar las barreras basadas en WCAG. Esta fase es esencial, pues se
enumeran las barreras relacionadas con los criterios de la WCAG 2.1 para la evaluaciéon
de los juegos serios. Las barreras se muestran en la Tabla 4.6, que contiene 29 directrices
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ID URL Materia
Laci acid-base-solutions/1.2.24/ Quimi
ac acid-base-solutions es.html Hiica
area-builder/1.1.20/ "
2are area-builder es.html Matematicas
area-model-algebra/1.2.1/ "
Sare area-model-algebra_es.html Matematicas
area-model-decimals/1.2.1/ (o
dare area-model-decimals _es.html Matematicas
area-model-introduction/1.2.1/ (o
bare area-model-introduction es.html Matematicas
. area-model-multiplication/1.2.1/ o
Gari area-model-multiplication _es.html Matematicas
arithmetic/1.0.24/ o
Tato arithmetic_es.html Matematicas
atomic-interactions/1.1.0/ .
8bal atomic-interactions es.html Quimica
9bal balanqng—aet/ 1.1.24/ Matemaéticas
balancing-act _es.html
balancing-chemical-equations/1.2.10/ .
10bal balancing-chemical-equations _es.html Quimica
balloons-and-static-electricity /1.4.14/ Lo .
Iibee balloons-and-static-electricity _es.html Clencias de la Tierra
beers-law-lab/1.4.18/ ..
12ben beers-law-lab _es.html Fisica
bending-light/1.1.20/ 1l
13bla 1y ding light es.html Fisica
: blackbody-spectrum /1.0.7/ o s :
14bui bbb G Lol | e i Ciencias de la Tierra
, build-a-fraction/1.0.12/ "
15bui build-a-fraction es.html Matematicas
build-an-atom/1.6.14/ .
16cap build-an-atom es.html Fisica
capacitor-lab-basics/1.6.19/ .
I7cha capacitor-lab-basics _es.html Fisica
: charges-and-fields/1.0.47/ .
18cir charges-and-fields es.html Fisica
19cir circuit-construction-kit-de/1.1.5/ Fisi
¢ circuit-construction-kit-dc__es.html Siea
50col circuit-construction-kit-de-virtual-lab/1.1.5/ Fisi
€0 circuit-construction-kit-dc-virtual-lab __es.html sica
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ID URL Materia

51con color—v¥s¥on /1.1.23/ Biologia
color-vision _es.html

99c0u concentrat¥on/1.3.20/ Pisica
concentration es.html
curve-fitting/1.0.0/ "

23cur curve-fitting _es.html Matematicas

: coulombs-law/1.0.9/ .

24dif coulombs-law _es.html Fisica
diffusion/1.0.4/ L .

25ene diffusion _es.html Ciencias de la Tierra

SGeme energy-forms-and-changes/1.0.11/ Fisica
energy-forms-and-changes es.html
energy-skate-park-basics/1.1.19/ .

27equ energy-skate-park-basics _es.html Fisica

28equ equal}ty—explorer /1.0.12/ Matematicas
equality-explorer es.html

20equ equal}ty—explorer—basps /1.0.12/ Matematicas
equality-explorer-basics _es.html

30exp equal¥ty—explorer—two—var}ables /1.0.12/ Matematicas
equality-explorer-two-variables _es.html

3 1far expresspn—exchange/l 1.14/ Matematicas
expression-exchange es.html
faradays-law/1.1.23/ ..

32for faradays-law _es.html Fisica

33fra forces—and—mogon—basps /2.3.16/ Pisica
forces-and-motion-basics _es.html

3dfra fracgons—equahty/ 4 Matematicas
fractions-equality _es.html
fraction-matcher/1.2.1/ (o

3ofra fraction-matcher es.html Matematicas

36fra fract%ons?ntro/ 1.0.12/ Matematicas
fractions-intro__es.html

37 fract}ons—mged—numbers /1.0.12/ Matematicas
fractions-mixed-numbers _es.html
friction/1.5.10/ .

38fun friction es.html Fisica
function-builder/1.0.23/ L

39fun function-builder es.html Matematicas
function-builder-basics/1.0.14/ L

40gas function-builder-basics _es.html Matematicas
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ID URL Materia

41gas gzz:zjﬁg/ 1e.g.li)t/ml Ciencias de la Tierra
gas—propert_ies/1.0.4/ L :

42gen gas-properties _es.html Ciencias de la Tierra
gene-expression-essentials/1.0.16/ . )

43gra gene-expression-essentials _es.html Biologia
graphing-lines/1.3.10/ e

ddgra graphing-lines es.html Matematicas
graphing-quadratics/1.1.5/ L

45gra graphing-quadratics _es.html Matematicas
graphing-slope-intercept/1.1.9/ L

46gra graphing-slope-intercept _es.html Matematicas
gravity-and-orbits/1.1.15/ ..

A7gra gravity-and-orbits __es.html Fisica
gravity-force-lab/2.2.0/ .

A8gra gravity-force-lab__es.html Fisica
gravity-force-lab-basics/1.0.0/ ..

49hoo gravity-force-lab-basics _es.html Fisica

: hookes-law /1.0.23/ -
ouiso hookes-law _es.html Quimica
. isotopes-and-atomic-mass,/1.1.9/ o

sLjoh isotopes-and-atomic-mass _es.html Quimica
john-travoltage/1.5.12/ ..

52lea john-travoltage es.html Fisica
least-squares-regression/1.1.20/ "

S3mak least-squares-regression _es.html Matematicas
make-a-ten /1.0.16/ "

54mas mhld I & Sk Matemaéticas
masses-and-springs/1.0.10/ "

pomas masses-and-springs _es.html Matematicas

“6mol masses—and—sp@ngs—bas?cs /1.0.9/ Pisica
masses-and-springs-basics _es.html
molarity/1.5.1/ .

5mol molarity _es.html Quimica
molecules-and-light /1.4.14/ L .

58mol molecules-and-light _es.html Ciencias de la Tierra
molecule-shapes/1.2.8/ .

59mol molecule-shapes es.html Quimica

60mol molecule-shapes-basics/1.2.8/ Quimica

molecule-shapes-basics _es.html
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ID URL Materia

61neu neuron/1.1.18/ Biologia
neuron__es.html

620hm ohms-law/1.4.7/ Matematicas
ohms-law__es.html
pendulum-lab/1.0.15/ "

G3pen pendulum-lab es.html Matematicas
ph-scale/1.3.4/ L .

64ph ph-scale _es.htm] Ciencias de la Tierra
ph-scale-basics/1.3.4/ L

65ph ph-scale-basics _es.html Biologfa

. plinko-probability /1.1.18/ .

66pli plinko-probability es.html Matematicas

67pro proqect}le—motpn/ 1.0.15/ Matematicas
projectile-motion _es.html

68pro proporgon—playground/l .0.15/ Matematicas
proportion-playground es.html
reactants-products-and-leftovers/1.2.11/ -

09rea reactants-products-and-leftovers es.html Quimica

70res res¥stance—¥n—a‘—w¥re/ 69/ Matematicas
resistance-in-a-wire _es.html
rutherford-scattering/1.1.9/ o

7lrut rutherford-scattering es.html Quimica
states-of-matter-basics/1.1.8/ ..

72sta states-of-matter-basics _es.html Fisica
states-of-matter/1.1.10/ ] 4

73sta states-of-matter es.html Fisica

74tri tr}g—tour/ 024 Matemaéticas
trig-tour _es.html

75und under-pressure/1.1.18/ Ciencias de la Tierra
under-pressure _es.html

76uni un%t-rates/1.0.17/ Matematicas
unit-rates es.html
vector-addition/1.0.0/ L

Tivec vector-addition es.html Matematicas
vector-addition-equations/1.0.0/ "

T8vec vector-addition-equations _es.html Matematicas

79wav Wave-¥nterference/ 202/ Ciencias de la Tierra
wave-interference es.html

80wav Waves?ntro/ 1.0.2/ Ciencias de la Tierra
waves-intro__es.html
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ID URL Materia
wave-on-a-string/1.1.22/
wave-on-a-string _es.html
build-a-molecule/latest /
build-a-molecule en.html

8lwav Ciencias de la Tierra

82bui Quimica

Tabla 4.5: Juegos serios seleccionados para la evaluacion.

consideradas en la evaluacion manual de cada juego serio. La Tabla 4.6 muestra la
pauta, la barrera, el principio de la WCAG 2.1, los criterios de éxito y el nivel.

Fase 6: Evaluar con herramientas automaticas y en forma manual. En esta
fase, se evaluan los 82 juegos serios detallados en la Tabla 4.5. Se aplica una evalua-
cién combinada usando dos herramientas automaticas: 1) Analizador de Contraste de
Colores (CCA), version 3.0.1 (The Paciello Group, 2020), una herramienta utilizada
para analizar algunos criterios de la WCAG 2.1 estableciendo los colores de entrada
del texto simple. También permite el soporte de la transparencia alfa en los colores de
primer plano, incluye un simulador de daltonismo.

Esta herramienta permite tomar una muestra de los colores del primer y segundo
plano para medir el contraste con el que se emite un informe con WCAG 2.1. 2) La
Herramienta de Anélisis de Epilepsia Fotosensible (PEAT), version 1.6 (University of
Maryland, 2016), permite evaluar en juegos o animaciones serias si el contenido presenta
parpadeos o transiciones rapidas entre colores de fondo claros y oscuros que pueden
generar convulsiones fotosensibles causadas por ciertos tipos de parpadeos en juegos
serios, incluyendo los que se realizan con el ratén, que hacen que grandes areas de la
pantalla se enciendan y apaguen rapidamente. La herramienta aplica algunos de los
criterios de WCAG 2.1 y 2.2, incluyendo restricciones relacionadas con la frecuencia,
la luminancia, el area y el color de cualquier parpadeo. Antes de analizar los juegos
serios con PEAT, los juegos se transforman en formato Audio Video Interleave (.AVI)
usando un programa de procesamiento por lotes para tomar una muestra del video.

Fase 7: Registrar los datos de evaluaciéon. En esta fase, se presenta el registro
de los datos obtenidos de la evaluacion de la accesibilidad de los juegos serios con
las herramientas CCA y PEAT; el conjunto de datos de evaluacion (Acosta-Vargas
y Salvador-Ullauri, 2020)!. Los codigos asignados a cada columna, corresponden a los
criterios de éxito del WCAG, donde C1 = 1.4.3 Contraste (Minimo) AA, Texto Regular,
C2 = 1.4.3 Contraste (Minimo) AA, Texto Grande, C3 = 1.4.6 Contraste (Mejorado)
AA, Texto Regular, C4 = 1. 4.6 Contraste (Mejorado) AAA, Texto Grande, C5 =
1.4.11 Contraste sin texto AA (Reajuste de botones), C6 — 1.4.11 Contraste sin texto
AA (Otros), P1 = Estado, P2 = Fallos de flash de luminosidad, P3 = Fallos de flash
rojo, P4 = Alertas de flash extendido. El namero uno (1) indica que se ha superado la
barrera, y el nimero cero (0) indica que no se ha superado.

En la Figura 4.3 se presentan los datos registrados en la evaluaciéon manual de los
juegos serios con WCAG 2.1, contiene el identificador asignado a cada juego serio con
las 29 pautas. Se asigna el valor de uno (1) si se supera la barrera y el cero (0) cuando

'https://data.mendeley.com/datasets/t2tr35wwic/5
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Linea- | Barrera WCAG 2.1 | Criterio | Nivel
miento de éxito

GO1 Teclado accesible Operable 2.1.1 A
G02 Fallos de destellos de luminicencia Operable 2.3.1 A
G03 Animacion desde interacciones Operable 2.3.3 AAA
G04 Contenido resalta al enfocar Perceptible 1.4.13 AA
GO05 Letra facil de leer Perceptible 1.1.1 A
G06 Texto alternativo Perceptible 1.1.1 A
GO7 Subtitulos Perceptible 1.2.4 AA
GOS8 Transcripciones automaéticas Perceptible 1.2.5 AA
G09 Lenguaje de senas Perceptible 1.2.6 AAA
G10 Informacion y relaciones Perceptible 1.3.1 A
G11 Caracteristicas sensoriales Perceptible 1.3.1 A
G12 Ajustes de configuracion de pantalla | Perceptible 1.3.4 AA
G13 Reordenamiento de la interfaz Perceptible 1.3.5 AA
Gl14 Uso de color Perceptible 1.4.1 A
G15 Contraste sin texto Perceptible 1.4.11 AA
G16 Elementos bien espaciados Perceptible 1.4.12 A
G17 Buenas técnicas de audio Perceptible 1.4.2 A
G18 Contraste (Minimo) Perceptible 1.4.3 AA
G19 Imagenes nitidas Perceptible 1.4.5 AA
G20 Presentacion visual Perceptible 1.4.8 AAA
G21 Pausar, detener y esconder Perceptible 2.2.2 A
G22 Contraste (Mejorado) Perceptible 1.4.6 AAA
G23 Soporte de lector de pantalla Robusto 4.1.2 A
G24 Mensajes de estado Robusto 4.1.3 AA
G25 Idioma Comprensible | 3.1.1 A
G26 Navegacion consistente Comprensible | 3.2.3 AA
G27 Etiquetas o instrucciones Comprensible | 3.3.2 A
G28 Ayuda Comprensible | 3.3.5 AAA
G29 Enfoque Comprensible | 3.2.1 A

Tabla 4.6: Lineamientos para evaluacion de la accesibilidad en juegos serios
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no se ha superado la barrera. En la Figura 4.3 el color mas oscuro representa que la
barrera fue superada y el color méas claro que la barrera no fue superada.

Fase 8: Clasificar y analizar los datos. En esta fase se clasifican los datos de los
juegos serios, considerando los cuatro principios de accesibilidad Web propuestos en
WCAG 2.1. Se agrupan los datos obtenidos con las herramientas automaticas CCA y
PEAT, con las que se analiza el contraste y la fotosensibilidad que afecta a los usuarios
con epilepsia. Los datos obtenidos en la evaluacion manual se agrupan para mostrar la
presencia de cada uno de los principios de accesibilidad, los criterios de éxito y el nivel
de accesibilidad. Este proceso lleva mucho tiempo y por lo tanto es muy exigente. Los
datos registrados y el analisis estan disponibles en Mendeley”? para que la evaluacion
pueda ser reproducida (Acosta-Vargas y Salvador-Ullauri, 2020).

Finalmente, se analizan los resultados con herramientas de evaluacién automaticas
y manuales. Aplicando estadistica descriptiva a los datos de evaluacion, se tiene que
el valor medio es 3.9, el error estandar es 0.21; la mediana es 5.0, la moda es 5.0, la
desviacion estandar es 1.9, la varianza de la muestra es 3.64, el valor minimo es 1.0,
el maximo es 7.0. La Figura 4.4 muestra la evaluacién realizada con las herramientas
CCA y PEAT.

Se encuentra que 24 juegos serios estan en el rango de evaluaciéon de 1 a 2.5 respecto
al cumplimiento de los parametros de contraste y fotosensibilidad evaluados, 10 juegos
serios se encuentran de 2.5 a 4, los siguientes 30 de 4 a 5.5, y 18 juegos serios se
encuentran de 5.5 a 7 puntos. De los datos de la Tabla 4.7, se encontr6 que los 82
juegos serios pasaron la prueba de fotosensibilidad.

La Tabla 4.7 muestra un resumen de la evaluacion manual de 82 juegos serios; con-
tiene la pauta, la barrera, el principio de accesibilidad, los criterios de éxito, el nivel,
el total de juegos que superan la barrera y el porcentaje de juegos serios evaluados
que superan la barrerta de accesibilidad. Se encontrd que los 82 juegos serios cumplen
con las siguientes pautas: 1) GO5 relacionado con la fuente de facil lectura, 2) G16
relacionado con los elementos bien espaciados, 3) G25 relacionado con el lenguaje, 4)
(26 relacionado con la navegacion consistente. La Figura 4.5 muestra el porcentaje de
cumplimiento de los principios de accesibilidad de los 82 juegos serios evaluados. Se
enecuentra que el principio perceptible se cumple en el 54.4 % del total de juegos serios
evaluados, el comprensible registra el 27.4 % de cumplimiento, el operable registra el
18.2%, y el robusto registra el 0.0%. Se puede concluir que, en la evaluacion de la
accesibilidad de los 82 juegos serios, el principio mas transgredido es el robusto.

4.6. Meétodo heuristico para la evaluacién de la
accesibilidad en juegos serios

En la revision de la literatura realizada en esta investigacion, no se encontr6é ningin
método de revision automética o heuristica aplicada a los juegos serios, por lo que tomo
como partida la informacion existente sobre la evaluacién heuristica de la accesibilidad
para sitios Web. Se encontarén los siguientes estudios.

’https://data.mendeley.com/datasets/t2tr35wuwdc/5
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ID GO01 GO02 GO03 G04 GO5 GOE GO7 GO08 GO09 G10 G11 G12 G13 G14 G15 G186 G17 G18 G189 G20 G21 G22 G23 G24 G25 G286 G27 G28 G29

Figura 4.3: Resultados de la evaluacion manual de los juegos serios
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Linea- | Barrera WCAG 2.1 | Criterig Nivel Total] %
miento (Principio) | de éxi-
to
GO1 Teclado accesible Operable 2.1.1 A 8 1.3
G02 Fallos de destellos de lumini- | Operable 2.3.1 A 81 13
cencia
G03 Animacion desde interaccio- | Operable 2.3.3 AAA | 27 4.2
nes
G04 Contenido resalta al enfocar | Perceptible 1.4.13 AA |6 0.9
G05 Letra facil de leer Perceptible 1.1.1 A 82 13
G06 Texto alternativo Perceptible 1.1.1 A 1 0.2
GO7 Subtitulos Perceptible 1.2.4 AA |0 0
GOS8 Transcripciones autométicas | Perceptible 1.2.5 AA |0 0
G09 Lenguaje de senas Perceptible | 1.2.6 AAA O 0
G10 Informacion y relaciones Perceptible 1.3.1 A 0 0
G11 Caracteristicas sensoriales Perceptible 1.3.1 A 0 0
G12 Ajustes de configuracion de | Perceptible 1.3.4 AA |0 0
pantalla
G13 Reordenamiento de la inter- | Perceptible 1.3.5 AA |0 0
faz
G14 Uso de color Perceptible | 1.4.1 A 32 5
G15 Contraste sin texto Perceptible | 1.4.11 AA |2 0.3
G16 Elementos bien espaciados Perceptible 1.4.12 A 82 13
G17 Buenas técnicas de audio Perceptible 1.4.2 A 20 3.1
G18 Contraste (Minimo) Perceptible | 1.4.3 AA |62 9.7
G19 magenes nitidas Perceptible | 1.4.5 AA |2 0.3
G20 Presentacion visual Perceptible | 1.4.8 AAA | 12 1.9
G21 Pausar, detener y esconder Perceptible 2.2.2 A 27 4.2
G22 Contraste (Mejorado) Perceptible | 1.4.6 AAA | 20 3.1
G23 Soporte de lector de pantalla | Robusto 4.1.2 A 0 0
G24 Mensajes de estado Robusto 4.1.3 AA |0 0
G25 Idioma Comprensible| 3.1.1 A 82 13
G26 Navegacion consistente Comprensible| 3.2.3 AA | 82 13
G27 Etiquetas o instrucciones Comprensible| 3.3.2 A 5 0.8
G28 Ayuda Comprensible| 3.3.5 AAA | O 0
G29 Enfoque Comprensible| 3.2.1 A 6 0.9

Tabla 4.7: Resumen de la evaluacion de la accesibilidad con el método manual
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Figura 4.4: Evaluacién de los juegos serios con CCA y PEAT
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Figura 4.5: Criterios de éxitos de las WCAG en la evaluacion manual de los juegos
serios

Los autores Paddison y Englefield (2004) argumentan que los métodos heuristicos
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de accesibilidad se crean como complemento de las pautas de accesibilidad. Ademas,
la heuristica permite a los evaluadores identificar, las secciones de una aplicacién que
tienen problemas de accesibilidad, de forma efectiva. Los resultados revelaron que el
uso de los métodos heuristicos de accesibilidad, puede localizar un rango mas amplio
de barreras de accesibilidad. Sin embargo, los métodos heuristicos no proporcionan
a los evaluadores informacion de conformidad, por lo que los estudios heuristicos no
sustituyen a la experiencia del usuario.

Brajnik (2008) argumenta que los métodos de evaluacion de la accesibilidad ayudan
a mejorar la accesibilidad centrada en el usuario. El autor senala que los métodos
de evaluacién de la accesibilidad pueden encontrar problemas de accesibilidad, por
ejemplo, infracciones de las pautas, modos de fallo, defectos de implementacion. Un
método de evaluacion puede indicar como clasificar y calificar los temas en condiciones
de gravedad y prioridad.

Se presenta un andlisis de varios métodos de evaluacion, uno de los cuales es el mé-
todo Barrier Walkthrough (BW), que tiene las siguientes ventajas: baja complicacion,
permite validar los conocimientos, provee de una mejor correcciéon que el examen de
conformidad, y produce indices de gravedad. Un estudio de los autores Braga, Pereira,
Ferreira, y Da Silveira (2014), sostiene que es fundamental determinar si las interfaces
son accesibles, lo que requiere una evaluaciéon de accesibilidad. Una evaluacion que utili-
za herramientas automatizadas, no es suficiente; ya que es necesario realizar pruebas en
humanos por expertos y usuarios con discapacidades. Los autores presentan un estudio
para evaluar la accesibilidad y las barreras presentes en una aplicacion para el Banco
de Brasil empleando el método BW, que registra y define una secuencia de barreras que
son susceptibles de clasificacion por parte del usuario. El objetivo de este estudio es
examinar si este enfoque puede ser tratado como un complemento de la evaluacién au-
tomatica cuando no se pueden hacer observaciones que involucren a usuarios reales. El
método permitié una evaluaciéon rapida y oportuna, disminuyendo la complicaciéon de
la evaluacion. Con el estudio sugerido se detectaron problemas de usabilidad asociados
con la accesibilidad, con lo cual se presentaron algunas sugerencias.

Los autores Lunn, Yesilada, y Harper (2009) sostienen que las metodologias de eva-
luacion de accesibilidad suponen que deben cumplirse todas las directrices establecidas,
para lograr la accesibilidad universal. Los autores senialan que el enfoque de BW aborda
los problemas de la aplicacién de las directrices sobre diversos grupos de usuarios. El
proceso permite a los evaluadores determinar la gravedad de la barrera que se inspec-
ciona. Se establece que las barreras pueden combinarse con el método BW para evaluar
el impacto de una aplicaciéon en los usuarios.

En un estudio anterior, los autores Acosta-Vargas, Salvador-Ullauri, y Lujan-Mora
(2019) indican que existen métodos cualitativos y cuantitativos para comprobar si
una aplicacion es accesible. Los autores presentan una modificacion del método BW
ofrecida por Giorgio Brajnik basada en las WCAG 2.1. El cambio consiste en incorporar
la persistencia para determinar la gravedad de una barrera de accesibilidad. Con el
proceso utilizado en el experimento, los evaluadores encontraron que el método permite:
1) medir la accesibilidad de las aplicaciones; 2) probar un proceso heuristico; 3) ayudar
en las evaluaciones manuales, y 4) contribuir a los estudios asociados con la heuristica
de la accesibilidad.
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Por tanto, el método heuristico basado en el método BW sugerido en los estudios
(Brajnik, 2006, 2008; Brajnik, Yesilada, y Harper, 2011) puede ayudar a complementar
la evaluacion de la accesibilidad en los juegos serios. E1 método heuristico es un método
sistematico basado en pruebas e inspecciones de errores en el que un evaluador piensa
en algunas barreras potenciales de accesibilidad que corresponden a los principios de
accesibilidad de las WCAG 2.1. Las barreras incorporan caracteristicas segin el tipo de
usuario, el propésito, la perspectiva de uso y el sitio de los juegos serios para sacar con-
clusiones apropiadas relacionadas con la eficacia, la productividad, la satisfaccion y la
seguridad (Brajnik, 2006, 2008), con puntuaciones de severidad designadas a cada ba-
rrera de accesibilidad. En este estudio, las barreras se definen conforme a los siguientes
parametros: 1) La efectividad indica el grado de cumplimiento para lograr el objetivo
del usuario con precision; 2) La productividad se asocia con el tiempo, el esfuerzo y la
carga cognitiva como prerrequisito para lograr un nivel especifico de efectividad; 3) La
satisfaccion caracteriza la satisfaccion y la aceptacion por parte del usuario; implica la
capacidad de aclimatacion, y 4) La seguridad, representa la debilidad establecida en
el juego serio evaluado. El método BW (Brajnik, 2006; Brajnik y otros, 2011) es una
técnica de inspeccion de la accesibilidad creada a partir de principios de accesibilidad
disenados, teniendo en cuenta el grupo de usuarios, el tipo de tecnologia de asistencia,
la influencia de los usuarios, los tipos de juegos serios y los efectos causados. Sears
(1997) considera que las técnicas de evaluacion basadas en la inspeccion son estandar,
ya que implican una instrucciéon menos formal. Aplica un método que combina evalua-
ciones heuristicas orientadas a las tareas que son faciles de comprender y utilizar. Sears
recomienda métodos para comprobar la autenticidad y la coherencia de las técnicas de
evaluacion. Los resultados de las evaluaciones heuristicas permiten identificar proble-
mas mas significativos que en las revisiones cognitivas. La severidad de una barrera,
segin el método BW (Brajnik, 2006; Brajnik y otros, 2011), esta relacionada con las
caracteristicas fisicas y cognitivas del usuario y el contexto en el que se realizan las
actividades; de esta manera, es posible llegar a conclusiones con eficacia, productivi-
dad, satisfaccion y seguridad, para lograr los parametros de severidad aplicables. Este
método recomienda utilizar dos factores para evaluar la severidad de una barrera: 1)
el impacto de la barrera en la satisfaccion y productividad del usuario, y 2) la per-
sistencia con la que la barrera estd presente (Brajnik y otros, 2011). El método BW
establece que el evaluador puede medir la gravedad de la barrera en una escala entre
uno (1) y tres (3), en la que el valor de uno (1) corresponde a un “problema menor”; lo
que implica que el usuario puede superar y evitar la barrera (Brajnik, 2006; Brajnik y
Lomuscio, 2007).

4.7. Validacion de resultados

En esta seccion, se responden a las preguntas de la investigacion sobre:

1. Un analisis bibliométrico con el objeto de recopilar informacién sobre los autores,
datos de publicacion del crecimiento de la investigacion a lo largo del tiempo,
revistas, conferencias, libros y capitulos de libros publicados, sobre la tematica
de juegos serios y accesibilidad.
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2. Una revision de la literatura para mapear los estudios segin los conceptos de los
juegos serios y las cinco preguntas de investigacion.

4.7.1. Analisis bibliométrico

La Figura 4.6 muestra la evolucion de la produccion cientifica, presentando el nimero
de documentos cada ano. Los anos de mayor produccién cientifica en accesibilidad en
los juegos serios son 2018 y 2019. Se encuentran ocho documentos para 2019, lo que
corresponde al 17 %, siete documentos para 2018, lo que corresponde al 14.9 %. En 2017,
se encuentran seis articulos, lo que corresponde al 12.8 %. En 2020, se encuentran cinco
documentos, lo que corresponde al 10.6 %.

Se espera que este niumero aumente debido a esta aprecicion se realizé hasta julio
de 2020. En 2006, 2013 y 2014, hubo tres documentos cada ano que suman 19.1 %. En
2008, 2015 y 2016, hubo dos documentos cada afno que suman 12.8 %. Finalmente, en
2003, 2007, 2009, 2010, 2011 y 2012, hubo un documento que sumé 12.8 % cada afio.
La tasa de crecimiento anual de las publicaciones sigue la ecuacién polindémica 4.3.

Y = 0,021622 — 0,1639z + 0,6421 (4.3)
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Figura 4.6: Documentos publicados de 2000 a 2020

La Figura 4.7 presenta 35 estudios de conferencias que representan el 74.5% y 12
articulos de revistas que representan el 25.5 % del total. En esta revision de literatura,
el nimero mas significativo de estudios encontrados se concentran en conferencias. El
mayor nimero de documentos estan indexados en Scopus.

4.7.2. Revisidon de los estudios relacionados

En esta seccion, se presenta un esquema de clasificacién utilizando palabras clave;
se realizaron las siguientes actividades: 1) se leyeron los resimenes de 47 estudios
primarios seleccionados y se buscaron palabras clave; 2) se leyeron las secciones de
introduccién y conclusion de cada uno de los estudios primarios elegidos para elaborar
el esquema de clasificacion; 3) se presento la clasificacion en cinco aspectos. La definicion
de los aspectos es la siguiente:
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. Las pautas de accesibilidad para discapacitados, cuyo objetivo es proporcionar

un estandar de facil acceso a los juegos serios que satisfaga las necesidades de
cada individuo en particular.

. Las soluciones aplicadas que implican los métodos utilizados para hacer accesibles

los juegos serios.

. Las pautas de accesibilidad para discapacitados que proporcionan informacion

para el juego serio.

. Los tipos de contribuciones de la discapacidad (Statista, 2020) incluyendo el

estudio formal, el método, el sistema o la experiencia, y

. El tipo de investigacion que incluye la validacion, la solucién, la evaluacion, la

retroalimentacion y la experiencia (Petersen y otros, 2008).

Luego, se presentaron y discutieron las respuestas a las preguntas de investigacion
formuladas en este estudio; el conjunto de datos y el anlisis estan disponibles para su
replicacion en el repositorio de Mendeley (Acosta-Vargas y Salvador-Ullauri, 2020).

RQ1. ;Son accesibles los juegos serios que se estan desarrollando hoy en dia? En esta

investigacion, se han seleccionado los estudios primarios que aplican la accesibilidad a
los juegos serios basados en la Web. La Web tiene numerosas limitaciones, pero si el
disenio se considera accesible a todas las personas, incluyendo a aquellas que presentan
algin tipo de discapacidad, la aplicacién serda més inclusiva para muchos usuarios. La
Tabla 4.8 presenta los principales estudios relacionados con accesibilidad de acuerdo a
cada tipo de discapacidad.

20

En la revision de los documentos se aplicaron las siguientes definiciones:

» La discapacidad cognitiva o intelectual es un problema que se caracteriza

por un retraso en el desarrollo mental que interrumpe el proceso de aprendizaje.

= La coordinacién motriz, o la discapacidad fisica es un problema relacio-

nado con un deterioro significativo de una o méas partes de las capacidades de
movimiento del cuerpo.
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Tipo de discapacidad Identificador
Cognitiva (11 estudios) CL03, CM19, HS16, JL18a, LP17a,
MD19, OMO06, SA20a, SA20b, WW13,
YC18
Coordinacion motora (3 estudios) K020, DF19, SD19
Sensorial: deficiencias de vision, audicion | JL17, JG18, RS20, SD20, KT19, OZ19,
(33 estudios) CP19a, CP19b, KK18, JL.18b, WK18,
WCI18, SJ17, LP17b, PC17, AF17,
LM16, DZ15, WF15, Pol4, MB14, TS14,
PK13, Gal3, MM12, TV11, OMI0,
GS09, MHO08, MO08, MP07, GS06, OA06

Tabla 4.8: Estudios por discapacidad

» La discapacidad Sensorial, este tipo de discapacidad esté relacionada con: 1)
la vision, que incluye a los usuarios con baja vision y sordera; 2) la discapacidad
auditiva, que proporciona sordera y pérdida de audicion.

Segin los datos de la Tabla 4.8 se encontraron 33 estudios primarios sobre la discapa-
cidad sensorial que representan el 72% y 11 estudios aplican la accesibilidad para la
discapacidad cognitiva con el 22 % del total. Finalmente, tres estudios sobre coordina-
cion motora que corresponden al 6 % del total.

RQ2. ;Cuadles son las propuestas para aumentar la accesibilidad en los juegos serios?
La Tabla 4.9 presenta las propuestas para incrementar la accesibilidad por tipo de
discapacidad; en la revision de documentos, se aplican las siguientes definiciones:

= WCAG 2.0: incluye los estudios primarios que aplicaron las Pautas de Accesibi-
lidad al Contenido en la Web con la version 2.0 para aumentar la accesibilidad
en los juegos serios.

s WCAG 2.1: incluye los estudios primarios que aplicaron las Pautas de Accesibi-
lidad al Contenido en la Web con la version 2.1 para aumentar la accesibilidad a
los juegos serios. Los criterios de las WCAG 2.1 son el mecanismo mas avanza-
do y aceptado para crear contenido accesible, y no se limitan exclusivamente al
contenido Web (W3C, 2018).

= Otras pautas contienen los estudios primarios que ayudan a aumentar la accesi-
bilidad en los juegos serios aplicando las pautas sin especificar el estandar.

= Dispositivos externos: contiene los estudios primarios que ayudan a aumentar la
accesibilidad utilizando algtn tipo de apoyo adecuado a las caracteristicas moto-
ras, cognitivas y sensoriales de las personas. Los dispositivos externos facilitan el
acceso a los juegos serios, y en ellos esta incluido el uso de tecnologia de asistencia.

RQ3. ;Cuales son las soluciones de accesibilidad propuestas para los juegos serios? La
Tabla 4.10 presenta siete soluciones de accesibilidad para juegos serios por discapacidad;
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Lineamientos Cognitiva Coordinacién Sensorial
motora (deficiencias de
vision, audicién)
WCAG 2.0 SA20a. SD20, CP19a,
(7 estudios) WKI18, AF17,
WF15, PK13.
WCAG 2.1 SA20b. WCI1S.
(2 estudios)
Otros lineamientos CL03, CM19, KO20, DF19, SD19. | JG18, RS20, KT19,
(24 estudios) LP17a, MD19, 0Z19, CP19b,
OMO6. KK18, PC17,
DZ15, MB14,
MM12, TV11,
GS09, MHOS,
MPO7, GSO06,
OAO06.
Dispositivos exter- HS16, JL18a, JL17, JL18b, SJ17,
nos (14 estudios) WW13, YC18. LP17b, LM16,
Pol4, TS14, Gal3,
OM10, MOQOS.

Tabla 4.9: Lineamientos por discapacidad.

contiene el tipo de soluciéon aplicada y referencias; en la revision de los documentos se
utilizan las siguientes definiciones:

02

Pautas de accesibilidad: contiene los estudios primarios que dan soluciones a los
problemas de accesibilidad aplicando alguna norma o estandar.

Requisitos de accesibilidad: incluye estudios primarios que brindan soluciones a
los problemas de accesibilidad, sugiriendo examinar el estado de los juegos serios.

Tecnologias de asistencia contiene estudios en los que se aplican tecnologias de
asistencia para lograr la accesibilidad en juegos serios.

Juego paralelo: cuenta con estudios primarios en los que dan soluciones de acce-
sibilidad aplicando el juego paralelo, universos paralelos o realidades alternativas
que mejoran la experiencia sacando al jugador de la realidad a la que esta acos-
tumbrado ayudandole a mejorar su concentracion.

Dispositivos externos: contienen estudios de adaptacion de dispositivos externos
para brindar soluciones de accesibilidad para juegos serios.

Juegos de empresas: incluyen estudios primarios donde la accesibilidad depende
de los estandares de la empresa que desarrolla juegos serios.
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= Diseno creativo: contiene estudios donde la aplicacion de disenio innovador aborda
algunos de los problemas de accesibilidad. La solucién por tipo de discapacidad
tiene: 1) 22 estudios y corresponde al 46.8 % del total, consta de pautas de ac-
cesibilidad; 2) aplica dispositivos externos con 14 revisiones primarias, lo que
corresponde al 29.8 % del total; 3) la solucion propuesta consiste en requisitos
de accesibilidad, con cuatro estudios que representan el 8.5 %; 4) la propuesta de
aplicacion del diseno creativo, con tres estudios primarios, representa el 6.4 %; 5)
la aplicaciéon del concepto de juego paralelo con dos estudios, que representan el
4.3%; 6) la aplicacion de tecnologias asistenciales, tiene un estudio, correspon-
diente al 2.1 %; (7) la interaccion con juegos de empresas, con una resena, que
representa el 2.1 % del total.

Solucién Cognitiva Coordinacién Sensorial
motora (deficiencias de
visién, audicién)
Lineamientos de ac- | SA20a, SA20b, DF19, SD19. JG18, KT19, CP19b,
cesibilidad MD19, LP17a, WK18, WC18, PC17,
(22 estudios) CL03. D715, WF15, MB14,
PK13, MM12, TV11,
MHO08, MP07, OA06.

Requerimientos  de CM19 0719, CP19a, AF17.
accesibilidad

(4 estudios)

Aplicacion de tecno- OMO06

logias de asistencia
(1 estudio)

Aplicacion del con- GS09, GS06.

cepto de juego para-

lelo

(2 estudios)

Aplicacion de dispo- | JL18a, YCI18, JL17, JL18b, SJ17,

sitivos externos HS16, WW13. LP17b, LM16, Pol4,

(14 studies) TS14, Gal3, OM10,
MOO0S.

Juegos de empresa (1 K020

estudio)

Diseno creativo RS20, SD20, KK18.

(3 estudios)

Tabla 4.10: Solucion de accesibilidad por tipo de discapacidad.

RQ4. ;,Qué métodos se aplican en el diseno de juegos serios? La Tabla 4.11 presenta
un resumen de los métodos por discapacidad aplicados en el disenio de juegos serios
con las referencias de los estudios seleccionados; en la revision de los documentos, se
utilizaron las siguientes definiciones:
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= Cualitativo: el método cualitativo es inductivo y sigue un diseno flexible, y los
registros se realizan mediante narracion, observacion participante y entrevistas no
estructuradas. Este método se manifiesta en los hechos, procesos, observaciones,
estudios de caso, entrevistas, analisis y las opiniones de los autores son muy
subjetivas porque no hay medicion de los elementos. Este método incluye estudios
a pequena escala, enfatiza la validez de la investigacion a través de la proximidad
a la realidad empirica y no suele probar teorias o hipotesis. La base de este método
es la intuicién; en general, no permite andlisis estadistico.

Cuantitativo: El método cuantitativo produce datos numéricos, lo que permite
recopilar y analizar los datos. En este método, la objetividad es la forma de llegar
al conocimiento; usa especificos y medidas controladas, buscando certeza. Incluye
estudios descriptivos bajo la concepciéon objetiva a través de una estrategia de-
ductiva. Este método contiene estudios que aplican mixtos métodos y encuestas
para la recopilacion de datos.

Método Cognitiva Coordinacién Sensorial

motora (deficiencias de

vision, audicién)

Cualitativo OMO06, SA20b, | KO20, DF19, | JL17, JG18, RS20,
(41 estudio) CM19, MD19, SD19. KT19, CP19a, KK18,
JL18a, YC18, JL18b, WC18, SJ17,
LP17a, WW13, LP17b, PC17, AF17,
CLO3. LM16, DZ15, WF15,

Pol4, MB14, TS14,
PK13, Gal3, MM12,

TV11, OM10, GS09,
MHO08, MO08, MP07,

GS06, OA06.
Cuantitativo SA20a, HS16 SD20, OZ19, CP19b,
(6 estudios) WKI18.

Tabla 4.11: Meétodos aplicados al disenio de juegos serios por discapacidad.

La Tabla 4.11 contiene: 1) 41 estudios que aplican el método cualitativo, lo que
representa el 87.2 %, 2) seis estudios utilizan el enfoque cuantitativo, lo que corresponde

al 12.8% del total.

RQ5. ; Qué tipo de investigacion y contribucion se utilizan en accesibilidad en juegos
serios? Para responder a esta pregunta, se revisaron los documentos segtn el tipo de
investigacion por discapacidad, como se muestra en la Tabla 4.12.

A continuacion de listan las definiciones que fueron aplicadas en el proceso de revision
de los articulos (Petersen y otros, 2008):

= Investigacion de evaluacion: proporciona la soluciéon implementada e investiga
un problema practico, aplica prueba de matematicas, encuesta, estudio de caso,
experimento de campo para validar la afirmacion del conocimiento.
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Tipos de Cognitiva Coordinacién Sensorial
investigacion motora (deficiencias de
visién, audicién)
Investigacion de eva- CP19b, WK18.
luacion
(2 estudios)
Experiencia OMO06, SA20b, DF19, SD19. JL17, JG18, RS20,
(37 estudios) CM19, MD19, SD20, KT19, OZ19,
JL18a, YC18, CP19a, KK18,
LP17a, WW13, JL18b, WC18, SJ17,
CL03. LP17b, PC17, AF17,
LM16, DZ15, WF15,
Pol4, MB14, TS14,
PK13, TV11, OM10,
GS09, MP07, GS06.
Documento de opi- Gal3, MM12, MHOS,
nion MOO08, OA06.
(5 estudios)
Propuesta de solu- SA20a.
cion
(1 estudio)
Investigacion de vali- HS16. KO20.

dacion
(2 estudios)

Tabla 4.12: Estudios segin el tipo de investigacion por discapacidad.
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= Experiencia: contiene estudios de caso, proyectos o informes sobre experiencias,
proporciona lecciones aprendidas.

= Documento de opinién: proporciona la opinién del autor sobre el procedimiento
a seguir o la forma como se debe hacer algo.

= Propuesta de solucién: ofrece una técnica novedosa, o al menos una mejora rele-
vante sobre un procedimiento definido en otras investigaciones.

= Investigacion de validacion: presenta técnicas investigadas que aun no se han
implementado en la practica y son novedosas. Es metodolégicamente solido y
completo, incluye experimentos, creacion de prototipos, pruebas de propiedades
y uso de simulaciones.

Se encontrd: 1) 37 estudios aplican “Experiencia”, lo que representa el 78.7 % del total.
2) Cinco estudios involucran “Papel de opinion” con un 10.6 %. 3) Dos estudios uti-
lizan “Investigacion de evaluacion” correspondiente al 4.3 %. 4) Dos estudios utilizan
“Investigacion de validacion” con un 4.3 %. 5) Un estudio que aplica una “propuesta de
solucion” que representa el 2.1 % del total.

4.8. Tipos de discapacidad

La World Health Organization [WHO] (2016), define a la discapacidad como un
término general que abarca las deficiencias, las limitaciones de la actividad y las res-
tricciones de la participacion. La discapacidad es vista como algo complejo que refleja
una interaccion entre las caracteristicas de la asociacion humana y las peculiaridades
de la sociedad en la que existe. Las deficiencias en particular, se refieren a las difi-
cultades que afectan a una estructura corporal. Todas las personas cuentan con una
serie de habilidades sensoriales que les permiten interactuar adecuadamente y de di-
ferente manera con el mundo que les rodea. Sin embargo, algunos individuos se han
visto afectados por la disminucién parcial o total de uno o varios de sus sentidos. De
alli, que se entienda como discapacidad la situacién en las que un sujeto ve limitada
su participacion en algin ambito debido a una deficiencia intelectual o sensorial. Es-
to implica la existencia de una limitaciéon como consecuencia del mal funcionamiento
del organismo del individuo en comparaciéon con otras personas o en comparacion de
un estado anterior a la presencia de esta limitacion; lo cual afecta especialmente a la
participacion social del sujeto dentro de su comunidad.

Para facilitar la clasificacion de las discapacidades, se ha definido la Clasificacién
Internacional de Funcionamiento, Discapacidad y Salud (CIF) (World Health Orga-
nization [WHO], 2001). La CIF, es una clasificacién de los componentes de salud del
funcionamiento y la discapacidad. La CIF tiene dos partes, cada una esta integrada
por dos componentes:

= Parte 1. Funcionamiento y Discapacidad

» Funciones y Estructuras Corporales
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Actividades y Participacion

Parte 2. Factores Contextuales

Factores Ambientales

Factores Personales.

Las funciones corporales son las funciones fisiologicas de los sistemas corporales (inclu-
yendo funciones psicologicas). La discapacidad esté definida como el resultado de una
compleja relacion entre la condicion de salud de una persona, sus factores personales,
v los factores externos que representan las circunstancias en las que vive esa perso-
na. A causa de esta relacion, los distintos ambientes pueden tener efectos distintos en
un individuo con una condiciéon de salud. Un entorno con barreras, o sin facilitado-
res, restringira el desempeno del individuo; mientras que otros entornos que sean méas
facilitadores pueden incrementarlo. La sociedad puede dificultar el desempeno de un
individuo tanto porque cree barreras o porque no proporcione elementos facilitadores.

Es asi, como los factores ambientales influyen directamente en el desenvolvimiento de
las actividades de todas las personas. Los factores ambientales constituyen el ambiente
fisico, social y actitudinal en el que las personas viven y conducen sus vidas La CIF
reconoce las siguientes como funciones corporales utilizadas para indicar la magnitud
de una deficiencia:

= Funciones mentales
= Funciones sensoriales y dolor
= Funciones de la voz y el habla

= Funciones de los sistemas cardiovascular, hematologico, inmunoloégico y respira-
torio

= Funciones de los sistemas digestivo, metabdlico y endocrino
= Funciones genitourinarias y reproductoras
= Funciones neuromusculoesqueléticas y relacionadas con el movimiento

= Funciones de la piel y estructuras relacionadas

Las aplicaciones Web y particularmente los videojuegos educativos presentan una serie
de barreras de accesibilidad que afectan especialmente a las funciones sensoriales y
mentales de los individuos. Por eso, esta investigaciéon pone especial interés en los
siguiente tipos de discapacidades:

» Discapacidad Fisica o motora.- tiene relaciéon con la disminucién o perdida de la
capacidad de un individuo para mover con libertad su cuerpo o parte de él.

= Discapacidad sensorial visual.- tiene relacién con la disminucién o perdida de la
capacidad de percibir mediante la vista las imagenes de los objetos del entorno
en el que se encuentra el sujeto.
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» Discapacidad sensorial auditiva.- tiene relacién con la disminucién o ausencia
total de la capacidad que tiene un sujeto de percibir los sonidos de su entorno.

» Discapacidad intelectual.-tiene relaciéon con la disminucién de la capacidad inte-
lectual de un individuo en niveles inferiores a 70 medido dentro de un coeficiente
intelectual. Este tipo de discapacidad afecta al sujeto especialmente en su parti-
cipacion social y académica.

Las causas de la discapacidad pueden ser muy variadas, pero se agrupan en congénitas
o adquiridas. Dentro de las causas adquiridas gran parte de ellas se deben al aumento
de enfermedades crénicas y al envejecimiento de la poblacion. Entre 1990 y 2013, se
realiz6 un estudio para determinar cudles eran las principales causas de discapacidad
en el mundo (IHME, Human Development Network, The World Bank, 2013). Este
estudio fue realizado por el Instituto para la Medicion y Evaluacion de la Salud (IHME
por sus siglas en inglés), en Seattle. El estudio fue realizado a 187 paises en todos
los continentes con el objeto de identificar los tipos de enfermedades, dolores o causas
externas que causan discapacidad en sus habitantes.

Segtn el estudio, mas del 95 % de las personas en el mundo sufren de algtin problema
en su salud. Alli se demuestra que, aunque las tasas de mortalidad disminuyen, las
personas se enferman debido a enfermedades no mortales. La depresion, lidera la lista
de las principales causas de discapacidad en el mundo. El dolor lumbar se perfila como
la segunda causa méas importante. De la misma manera existen varios factores que
inciden sobre la adquisicion de enfermedades. Entre esos factores estan el género, la
edad e incluso el nivel de educacion de las personas. Existe un predominio de personas
de género masculino que presenta discapacidad. Es asf como en edades superiores a los
64 anos los hombres presentan mayor probabilidad de adquirir alguna enfermedad que
les provoque algtn tipo de discapacidad. El nivel de educacién también influye, pues
las personas con mayor nivel de educaciéon son menos propensas a enfermarse.

Un estudio realizado por la OMS (Gore y otros, 2011) revela que los trastornos
mentales representan 45 % de los problemas causantes de discapacidad entre jovenes
de 10 y 24 anos, por encima de accidentes de trafico y de enfermedades infecciosas
y parasitarias, como malaria y VIH. Se estima que para el ano 2030 la depresion
serd la principal causa de discapacidad en todo el mundo, sin importar niveles socio-
econdmicos, paises, creencias o culturas. Se calcula que afecta a mas de 300 millones
de personas en todo el mundo.

Algunos de los sintomas de la depresion son la disminuciéon o pérdida de energia,
desinterés o indiferencia por lo que en otro momento fue parte de las motivaciones de
la vida cotidiana, trastornos de sueno, del apetito y del deseo sexual. La depresion
puede presentar irritabilidad y una variada sintomatologia somatica (sintomas ubi-
cados preferentemente en el aparato digestivo y/o cardiovascular). Esto repercute en
modificaciones importantes tanto en el &mbito laboral, como en el académico o social.

La OMS argumenta que la salud de los jovenes ha sido en buena medida ignorada en
la salud publica mundial, porque se les percibe como sanos. Los jovenes se beneficiarian
de mayor atencion y prevencion. Organizaciones sin fines de lucro como IThrive Games
Foundation (McDonald, Heidi, 2018) tienen como objetivo mejorar la salud mental de
los adolescentes a través de los juegos y de la educacion. Este tipo de organizaciones
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es importante debido a que mucha gente que experimenta depresiéon puede volcarse
a los videojuegos como una via de escape, una especie de auto-medicacion que crea
un parche, tapando lo que hay detras. Orientar el uso de los videojuegos como una
efectivo método para mejorar el interés de las personas en su educaciéon puede ser una
opcién a otros tipos de recursos didacticos. Los videojuegos destinados a la educacion
son una realidad. Sin embargo, muchos han sido concebidos para funcionar en plata-
formas propietarias. Es debido a esto que los videojuegos desarrollados sobre la Web
pueden resultar una interesante alternativa, considerando que cualquier plataforma que
disponga de un navegador Web estandar podria ejecutarlos sin mayor inconveniente.

Ademaés, es necesario considerar que dentro de las personas que haran uso de los
videojuegos destinados a la educaciéon se encuentran aquellos individuos que presentan
algtin tipo de discapacidad.

La discapacidad de los individuos afecta a toda la sociedad de diferentes maneras
y ambitos, convirtiéndose, por tanto, en un problema social. Esto implica que muchos
organismos busquen la forma de mejorar el entorno en que se desenvuelven las personas
haciendo que los servicios y prestaciones sean mas accesibles para todos.

Por un lado, muchas personas que presentan algin tipo de discapacidad desean
integrarse a las actividades de su comunidad sin ser tratados de manera diferente a
la diversidad de los participantes. Por otro lado, muchos de ellos necesitan gastar més
tiempo en realizar tareas que otras personas lo hacen en forma inmediata. Es por esa
razén, que se busca servicios accesibles para todos, con el objeto de facilitar su uso.

Es necesario recordar que muchas veces las limitaciones o barreras no estan en las
personas sino en la infraestructura que utilizan. Cabe recalcar, que la accesibilidad de
los recursos no estaria completa sin la colaboracion voluntaria y oportuna de las per-
sonas que los utilizan. Motivo por el cual la educacion, asistida por videojuegos puede
resultar un mecanismo muy apropiado para mejorar la motivacion de los estudiantes en
el aprendizaje y propiciar la investigacion (Lukosch, Bekebrede, Kurapati, y Lukosch,
2018) siempre y cuando se desarrolle considerando la accesibilidad.

4.8.1. Discapacidad visual y baja visién

De acuerdo con la WHO (2019) se estima que en el mundo existen aproximadamente
1300 millones de personas que viven con alguna forma de deficiencia visual.

Con respecto a la vision de lejos, existen alrededor de 188.5 millones de personas
con una deficiencia visual moderada, 217 millones que tienen una deficiencia visual de
moderada a grave y 36 millones son personas ciegas.

Las principales causas de la visién deficiente estan relacionadas con los errores de
refracciéon no corregidos y las cataratas. En el grupo de edad con baja vision se encuen-
tran las personas de mas de 50 anos.

Segin la OMS, la discapacidad visual incluye discapacidad visual moderada, grave,
y la ceguera. El sistema visual comprende tres partes relacionadas sistematicamente 1)
los 6rganos periféricos, 2) el nervio 6ptico y 3) el centro visual en el cortex cerebral.

La vision funciona tnicamente cuando estas tres partes trabajan conjuntamente.
Si cualquiera de las tres no funciona por problemas de una inflamacion, un tumor
o una lesion, se pierde la percepcion visual, puesto que la vista es responsable del
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80 % de nuestro contacto con el entorno (Rosello Leyva, Bernal Reyes, Rojas Rondon,
Rosell6 Silva, y Lazaro Izquierdo, 2015).

La baja vision es el grado de vision parcial o reducida que permite su utilizacion
como canal primario para aprender y lograr informaciéon y limita las capacidades de
las personas a la hora de realizar actividades cotidianas, pero precisa de adaptaciones
sencillas para poder llevar a cabo algunas de ellas como con ayudas oOpticas o con
ampliaciones (de Miguel, 2003). En esta investigacion se pondra un especial interés
en dirigir los esfuerzos a evaluar la accesibilidad para personas que presentan alguna
discapacidad visual, de los videojuegos educativos basados en la Web.

4.8.2. Discapacidad visual en la educacién

El 80% de la informacion que recibe el estudiante es por medio del sentido de la
vision. Es por ello que las instituciones educativas y los educadores tienen la obliga-
cion de conocer las necesidades de los estudiantes y brindarles una respuesta educativa
de calidad. Los retos cognitivos de los estudiantes con discapacidad visual no son los
mismos de aquellos que no presentan este tipo de discapacidad. Las medidas educa-
tivas tomadas por los centros de educacién deben ajustarse a las necesidades de cada
individuo. Las exigencias académicas se ven incrementadas para las personas que pre-
sentan discapacidad visual produciendo mayor estrés, especialmente porque este tipo
de estudiantes sienten que no tienen la suficiente autonomia para realizar sus activi-
dades de aprendizaje de una manera fluida. El material didactico y las condiciones del
aula deben ser las apropiadas para brindar a todos los estudiantes similares tipos e
intensidad de estimulos. La capacidad de representar conceptos abstractos y objetos
en los estudiantes que presentan discapacidad visual se ve disminuida al no recibir
los estimulos que obtienen el comtn de los estudiantes. Una alternativa para mejorar
estos estimulos es introducir en el aula materiales que faciliten la asimilacion de la
informacion que se desea transmitir. Los juegos serios en general tienen el proposito
de estimular la imaginacién de los estudiantes y facilitar el aprendizaje de tematicas
abstractas. Gracias a las nuevas tecnologias de la informacion se ha incrementado el
conjunto de herramientas disponibles para la ensenanza de conceptos, permitiendo un
tratamiento individual y personalizado para cada tipo de estudiante. Aprovechando la
tecnologia, se pueden crear juegos serios especialmente disenados para personas con
discapacidad visual. Incluso se pueden modificar los juegos serios tradicionales para
que puedan ser usados por cualquier tipo de estudiante independientemente del tipo
de discapacidad que presenten. Sin embargo, es necesario considerar una serie de linea-
mientos que permitan un diseno accesible. Debido a la variedad de necesidades, este
estudio se centra en descubrir y evaluar los lineamientos a ser cubiertos para resolver
los problemas de accesibilidad de las personas con discapacidad visual. La presencia
de profesionales especializados en el diseno de juegos serios destinados a personas con
discapacidad visual es, por tanto, apremiante. Estos profesionales deben tener claros
cuales son los lineamientos que deben evaluar y considerar en el momento de disenar
y producir juegos serios destinados a personas con discapacidad visual.
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5 Lista de publicaciones

Los articulos publicados se presentan en orden cronolégico. La Figura 5.1 muestra la
linea de tiempo de producciéon de las publicaciones relacionadas con la accesibilidad en
juegos serios que sirven de apoyo para las publicaciones incluidas en este compendio.

2017 Oct. 2020 Feb. 2020 Nov.

Colombia Italia Suiza

Conferencia - ATICA Conferencia IHSI Revista Applied
Sciences, JCR IF:

2.474, SJR Q1

2020 Sep. 2020 Dic.
2017 Dic. Suiza Suiza

E ~ Revista Applied Revista Applied
Capitulo de libro - Spana Sciences, JCR IF: Sciences, JCR IF:
Octaedro Conferencia ACM 2,474, SJR Q1 2.474, SJR Q1

2016 Oct.
Espana

Figura 5.1: Linea de tiempo de publicaciones
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En esta linea de tiempo se visualiza el tipo de publicacién, que puede ser un articulo
de revista, articulo incluido en memoria de congreso o un capitulo de libro, el lugar y
la fecha de publicacion.

Los articulos cuentan con un nivel de calidad 6ptimo, ya que los mismos han sido
enviados a revistas con procesos exigentes de revision y evaluaciéon por pares, de los
cuales tres tienen un un factor de impacto de 2.474 en el Journal Citation Report de
Q2; y en SCImago Journal Rank con un factor de imapcto de 0.42 de Q1.

La Figura 5.1 presenta tres conferencias y un articulo de libro que fueron trabajos
previos en los que se estudi6 el desarrollo de juegos serios y sus problemas de accesibili-
dad, para las personas con problemas de vision y problemas cognitivos. En paralelo, se
trabajo en el andlisis de la literatura; nunca se par6 de revisar la literatura existente;
que se plasmo en un trabajo de revision de literatura. Ademas, se publicé un articulo
de revista relacionado con un método combinado para evaluar la accesibilidad en jue-
gos serios. Finalmente, para complementar este estudio se public6 un articulo sobre un
método heuristico para evaluar la accesibilidad en juegos serios basados en la web para
personas con baja vision.
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Orientados a la Ensenanza
Mediante Lenguajes de
Programacién por Bloques

Aplicables a Aulas Virtuales
Mediante SCORM

Referencia:
Salvador-Ullauri, L. and Lujan-Mora, S. and Acosta-Vargas, P. (2016). Produccion de
videojuegos orientados a la ensenanza mediante lenguajes de programacion por bloques
aplicables a aulas virtuales mediante SCORM. En: Tecnologia, innovacién e investiga-
cion en los procesos de ensenanza-aprendizaje (pp. 2992-3001). Octaedro. (Salvador-
Ullauri y otros, 2016¢)

Disponible en:
= http://hdl.handle.net/10045/61851
Temas a los que aporta:

1. Caracterizacion de los problemas de accesibilidad en juegos serios educativos.

2. Identificacion de los requisitos de accesibilidad en juegos serios, caso especifico:
juegos educativos para la ensenanza en aulas virtuales.

3. Evaluacion del nivel de accesibilidad de los juegos serios educativos.
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Produccién de videojuegos orientados a la ensefianza mediante lenguajes de
programacién por bloques aplicables a aulas virtuales mediante SCORM

Luis Salvador-Ullauri', Sergio Lujan-Mora? y Patricia Acosta-Vargas®

! Escuela Politécnica Nacional
2 Universidad de Alicante
3 Universidad de Las Américas

RESUMEN

No todos los estudiantes de la asignatura de programacion dentro de la carrera de informatica en-
cuentran motivacion para aprender o realizar las tareas a ellos encomendadas. En este articulo se
proponen estrategias para que la mayor parte de ellos mejoren el interés por realizar eficazmente sus
labores académicas y también adquieran conocimientos mas profundos. Realizar disefios funcionales
de aplicaciones divertidas atrae el interés de los estudiantes. Los disefios funcionales son prototipos
desechables que inspiran la creacion de aplicaciones mas serias mediante el uso de lenguajes de
programacion completos. Los lenguajes de programacion por bloques atraen la atencion de los es-
tudiantes debido a la facilidad que prestan para crear muy rapidamente prototipos de presentaciones
animadas y videojuegos destinados a la educacion. Si a estos prototipos se les agrega la capacidad
de interaccidn con las aulas virtuales, el resultado es un conjunto de productos valorados académica
y comercialmente. Un producto valorado por los usuarios constituye un incentivo adicional para que
los estudiantes de programacion piensen en la posibilidad de aprender jugando y jugar aprendiendo
mientras inventan nuevos modelos de material didéctico.

PALABRAS CLAVE: e-learning, videojuegos, programacion por bloques, aprendizaje, SCORM.

ABSTRACT

Not all students of the subject of programming within the informatics are motivated to learn or per-
form the tasks entrusted to them. In this article, strategies directed for these students improve their
interest in order to perform effectively their academic work and obtain more deep knowledge are
proposed. Make functional designs of some funny applications attracts the interest of students. Func-
tional designs are disposable prototypes underlying the creation of more serious applications. Pro-
gramming languages based in blocks attract the attention of the students because they provide ease
to create prototypes of animated presentations and video games for education, very quickly. If the
ability to interact with virtual classrooms is added to these prototypes, the result is a set of academic
and commercially valued products. A product valued by users constitutes an additional incentive for
students of programming think about the ability to learn by playing and play by learning while they
invent new models of teaching materials

KEY WORDS: e-learning, learning, programming based in blocks, videogames, SCORM.
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1. INTRODUCCION

En este articulo se propone la generacioén de videojuegos destinados al aprendizaje por parte de los
estudiantes de la asignatura de programacion, mediante la incorporacion de herramientas de cons-
truccion por bloques y el formato SCORM (Sharable Content Object Reference Model). El objetivo es
que dichos juegos sean desarrollados pensando en la posibilidad de interactuar con los sistemas LMS
(Learning Management System). De esta manera se espera que puedan ser utilizados como mecanis-
mos de evaluacion para medir capacidades de memoria, entendimiento e innovacion de los usuarios
de dichos sistemas. Las puntuaciones de la medicion de estas capacidades deben ser almacenadas en
los LMS una vez que hayan sido comparadas con parametros referenciales previamente establecidos,
para otorgar una calificacion.

Aunque el videojuego puede utilizar una escala diferente de puntuaciones propia de su naturaleza, esta
es traducida internamente a una puntuacion acorde al LMS. La escala del LMS permite la comparacion
y analisis de valores de varios participantes. Actualmente las herramientas de construccion por bloques
no presentan opciones para generar aplicaciones compatibles con el formato SCORM. La especificacion
SCORM pueden facilitar la comunicacion de videojuegos con implementaciones especiales de servido-
res que hospeden los videojuegos exclusivamente y que se adapten a las debilidades del formato y las
transformen en fortalezas (Aguado, Torrente, Martinez-Ortiz, & Fernandez-Manjon, 2011).

La creacion de aplicaciones que permitan recordar una serie de conceptos y métodos es muy im-
portante. Un estudiante que entiende una asignatura la valora y tiene la voluntad de utilizarla. De esta
manera, los estudiantes que inician en el estudio de programacion valoran el uso de las herramientas
de programacion por bloques, porque les resulta mas sencillo entenderlas (Resendiz, 2011). Estas apli-
caciones normalmente son presentaciones animadas que al evolucionar se transforman en sencillos
videojuegos que pretenden transmitir o reforzar una capacidad. Esta capacidad esta primeramente
relacionada con la memoria o la memorizacion de conceptos. En una segunda etapa intentan unir
aquello que recuerdan, entendiendo lo que construyen y sus consecuencias. Finalmente, los resultados
utiles les motivan a seguir en la linea que han adoptado. Por el contrario, cuando existen tareas que
son poco o nada requeridas, los desmotivan y hace que dirijan su atencion a otras actividades donde
reciben aprobacion por parte de profesores y compaieros. No es importante la complejidad del objeto
cuando el entendimiento estad presente. La aceptacion de las herramientas de programacion por blo-
ques, por parte de los estudiantes, constituye un incentivo potencial para apoyar el disefio rapido de
videojuegos y otros tipos de aplicaciones. Nuestra propuesta sugiere la adopcion de la programacion
orientada a bloques como una alternativa para generar productos que permitan ademas del aprendiza-
je, la evaluacion de estudiantes en cursos MOOC (Massive Open Online Course) (Medina Merodio,
y otros, 2014). Esto implica que factores como la accesibilidad y la usabilidad del videojuego también
deben ser consideradas (Sanchez-Gordon & Sergio Lujan-Mora, 2016). Pero por el momento nuestro
interés se centra en que dichos productos puedan ser incorporados con éxito dentro de las aulas virtua-
les. El gran tamafio de las aplicaciones generadas con el tipo de herramientas propuestas implica que
los videojuegos desarrollados seguramente deberan ser divididos en niveles independientes para que
sean eficazmente ejecutados. Las aplicaciones, al ser empaquetadas mediante la tecnologia SCORM,
deben mantener su independencia. Eso implica que pueden ser utilizadas y distribuidas en distintos
medios de almacenamiento removibles. Muchas editoriales apoyan el contenido de sus textos con
discos compactos que contienen aplicaciones interactivas y sencillos videojuegos desechables. Es
decir, la demanda de innovacion de contenidos es constante, tanto en el material impreso, como en
las aulas virtuales.
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1.1 Problema/cuestion

Muchos conceptos, deben obligatoriamente aprenderse dentro de ciertas asignaturas como la mate-
ria Programacion dentro de la carrea de Informatica. En esta materia se requiere principalmente la
memorizacion de ciertas formulas utiles mediante la repeticion constante de su practica. Para ello los
instructores envian tareas que deben ser necesariamente realizadas. Sin embargo, los estudiantes, al
no conocer el beneficio que conlleva ejecutarlas, tratan de evitarlas o no asumirlas adecuadamente.

1.2 Revision de la literatura

Muchos autores concuerdan en la necesidad de que el estudiante practique adecuadamente ciertas téc-
nicas que hagan que su trabajo de programacion mejore y sea valorado en el mercado ocupacional y
académico (Jones & Boyle, 2007). Dichas técnicas y metodologias son adaptadas por los instructores
para darles un nuevo enfoque que facilite su aceptacion por parte de los estudiantes (Calderén, 2008).
Sin embargo, las generaciones actuales de estudiantes prefieren nuevas experiencias para aprender los
canceptos que han sido probados con éxito anterormente y la instruccion de dichos conceptos es mas
facil entenderla jugando (Queiruga, Fava, Gémez, Kimura, & Bartneche, 2014).

El juego ha sido un mecanismo de apoyo muy utilizado en la ensefianza y en la actualidad este me-
canismo ha evolucionado hacia lo que se conoce como videojuegos. Primero aplicado a la instruccion
en escuelas y colegios (Zabala, Moran, & Blanco, 2013) y luego llevada a las universidades mediante
similar razonamiento: facilitar la ensefianza. Es asi que la creatividad en el disefio de aplicaciones se
abre cuando aquellas herramientas originalmente destinadas a los infantes llegan a las manos de estu-
diantes universitoarios, educadores y profesionales de la computacion (Brennan, Chung, & Hawson,
2011). Al mirar su trabajo y sus actividades con aquellos ojos con los cuales observaban el mundo en
su nifiez, toda herramienta resulta novedosa y ttil (Brennan, Balch, & Chung, Creative Computing,
2014), es decir, el objeto que percibe es apenas un estimulo para que el estudiante mejore su actitud
frente a lo que se pretende ensefar. No es requerido inventar nada nuevo, sino mas bien hacer uso
adecuado de lo que existe. La comunicacion entre las aplicaciones generadas y las aulas virtuales
usaran el formato SCORM (Resendiz, 2011). Ademas, esta practica brindara la oportunidad de cono-
cer a profundidad el formato y proponer alternativas a sus utilizacion, dando continuidad a estudios
previos (Aguado, Torrente, Martinez-Ortiz, & Fernandez-Manjon, 2011). También se requiere que los
estudiantes conozcan, apliquen y utilicen los escenarios de aprendizaje que tienen a su disposicion
e integren dichas herraminetas a su trabajo. Es el caso de dos estrategias muy marcadas: el uso de
videojuegos orientados a la ensefianza propia y de otros (Gonzalez, Cabrera, & Gutiérrez, 2007), y el
aprendizaje por medio de cursos MOOC (Medina Merodio, y otros, 2014). Ambas tematicas han sido
muy explotadas en los tltimos afios y siguen proporcionando material para la innovacion de técnicas
orientadas a las ensefianza y el aprendizaje.

1.3 Propésito

El proposito de este estudio es orientar el desarrollo de los cursos de programacion hacia el disefio
y creacion de aplicaciones que satisfagan las necesidades del mercado laboral, en el ambito de la
informatica. Existe demanda por material didactico innovador dentro de las empresas editoriales que
distribuyen libros de ensefianza para escuelas y colegios, y también en muchas empresas dedicadas
a la capacitacion presencial o por medio de aulas virtuales. Muchos estudiantes no pueden acceder
a ese mercado laboral debido especialmente a su falta de capacitacion y a los riesgos que conlleva el
tratar de realizar un trabajo sin conocer. Sin embargo, el conocer involucra ciertos “sacrificios” que
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los estudiantes y en ocasiones los instructores tampoco quieren asumirlos. Por esta razon, se requie-
ren formas motivacionales para inducir tanto a estudiantes como a educadores a asumir los retos
relacionados con la educacion, volviendo a dar un valor permanente a su actividad, reestableciendo
la perseverancia en el estudio y el trabajo, y finalmente mejorando la integridad que los involucrados
buscan constantemente en sus actividades. Existen tecnologias y mecanismos para todos los gustos
y esta propuesta apenas cubre la integracion de cuatro posibles estrategias: uso de programacion por
bloques, uso de videojuegos, uso de estandares de comunicacion y uso de aulas virtuales.

2. METODO

El método seguido para llevar a cabo el desarrollo de las aplicaciones usando las herramientas de
construccion por bloques y SCORM, ha sido ejecutado en cuatro etapas:

1. Instruccion basica sobre las generalidades de la programacion,

2. desarrollo de pequetias aplicaciones mediante herramientas de construccion por bloques,

3. implementacion de los disefios en lenguajes profesionales, y

4. mecanismos de integracion con las aulas virtuales, en especial con cursos MOOC.

2.1 Descripcion del contexto y de los participantes

Existen cuatro actores involucrados dentro del &mbito de la ensefianza, estos son: las empresas edito-
ras de libros para escuelas y colegios, las empresas de capacitacion, las universidades (en las cuales
estan incluidos los profesores universitarios, que dependiendo del contexto en el que laboren pueden
tomar el rol de instructores o incluso de estudiantes) y los estudiantes. Las empresas editoras de
libros para escuelas y colegios desconfian de la capacidad de los profesionales para asumir las res-
ponsabilidades que involucra el trabajo en el ambiente competitivo donde desempefian su actividad.
Las empresas de capacitacion realizan esfuerzos por mantenerse en el mercado mediante la oferta de
productos innovadores que incluye el uso de aulas virtuales. Las universidades afrontan el problema
de la desercion estudiantil, ante las exigencias propias de su actividad y en el mejor de los casos
los estudiantes pueden decidir cambiarse a universidades con menores exigencias. Finalmente, los
estudiantes, no estan dispuestos a pagar la cuota de esfuerzo que requiere su ensefianza, si no tienen
muestras de que su trabajo va a ser valorado adecuadamente en el mercado laboral.

Muchos de los estudiantes prefieren recurrir a otras alternativas mas lucrativas ante las exigen-
cias de una preparacion que no garantiza su €xito profesional. Es por esa razon que, integrando las
necesidades de los actores antes descritos, los instructores nos vemos en la necesidad de motivar a
los estudiantes a desarrollar su actividad con vision sobre los requerimientos de las empresas donde
posiblemente tengan la oportunidad de desarrollar sus capacidades y su economia.

2.2 Instrumentos

Para lograr la integracion antes mencionada, han sido seleccionadas tecnologias que satisfagan las
necesidades de los cuatro actores. Esas tecnologias son:
* Uso de herramientas de programacion por bloques para la obtencion de disefios rapidos y funcio-
nales de aplicaciones a manera de videojuegos simples.
* Uso de lenguajes de alto nivel para desarrollar en forma profesional los disefios antes concebidos.
* Uso del formato SCORM para permitir que las aplicaciones desarrolladas no sean utilizadas
unicamente en medios de distribucion como discos compactos, que se agregan a los libros, sino
que puedan ser utiles también dentro de las aulas virtuales.
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* Orientacion de las aplicaciones, especialmente hacia el apoyo de los cursos MOOC, que son
muy populares actualmente y que resultan ser una estrategia valida para las actividades de las
empresas de capacitacion publicas y privadas.

2.3 Procedimiento

El procedimiento seguido es el siguiente:

Primero, es necesario instruir a los estudiantes en conceptos elementales de programacion para que
el uso de las herramientas de desarrollo de aplicaciones por bloques, pueda ser aceptado y entendido
con mayor facilidad.

Luego, los estudiantes observan y valoran dichas herramientas que les permiten crear aplicaciones
animadas con mucha facilidad y que ademas estan disponibles en linea. Esto abre su imaginacion al
disefo de pequefios videojuegos orientados a la ensefianza propia, en lo que respecta al desarrollo de
programas, y de otros, en lo relacionado a la creacion de aplicaciones para personas con capacidades
especiales y menores de edad.

En seguida, los estudiantes toman conciencia de que las aplicaciones antes disefiadas, deben ser
codificadas mediante herramientas profesionales que les permitan transformar dichas aplicaciones,
en productos serios y aceptables para usuarios reales. Esto involucra el uso de herramientas de uso
comun que contienen caracteristicas que facilitan el desarrollo simple de este tipo de aplicaciones,
pero que no tienen el suficiente grado de flexibilidad para permitirles plasmar sus ideas.

Finalmente, al tratar de integrar eficazmente sus productos dentro de tecnologias como las aulas
virtuales, se dan cuenta de que existen algunas variaciones en la forma como estos contenedores
comunican y distribuyen sus contenidos. Esto les lleva a pensar en la busqueda y aceptacion de
estandares para la comunicacion con las aulas virtuales, aun cuando estos formatos no tengan todas
las caracteristicas que desearian, pero que sin embargo constituyen una alternativa viable y modesta
para la interaccion entre tecnologias. De esta manera los estudiantes y los instructores encontramos
cierta motivacion a realizar nuestras actividades en conjuncion con la busqueda de innovaciones que
satisfagan la demanda del mercado.

3. RESULTADOS

En forma general, existe una manera diferente de crear productos dentro del mundo académico y
dentro del mundo empresarial. Es asi que en el mundo académico es posible imaginar un producto
que permitiria a la ciencia avanzar, aunque este sea momentaneamente inaplicable e inservible. Las
empresas de capacitacion, por el contrario, buscan la aceptacion inmediata de sus productos, y para
ello se requiere transformarlos en necesidades para estudiantes o usuarios dispuestos a pagar por ellos.

Unir estas dos formas de concebir la creacion de productos, puede resultar incomodo, pero nece-
sario, pues todo producto y su desarrollo requiere de aceptacion, recursos y apoyo por parte de los
usuarios. Un producto que tiene aceptacion se desarrollara de forma mas répida y efectiva que aquel
que unicamente resulta ser un ideal. Muchos productos que carecieron de apoyo académico, encontra-
ron su realizacion gracias a la aceptacion de los usuarios y luego se convirtieron en objeto de estudio.

Para lograr esto se dividio la imparticion de la asignatura de programacion en cuatro etapas:

» Aprendizaje esencial.

* Diseflo de aplicaciones usando herramientas orientadas a bloques.

» Programacion con lenguajes profesionales.

» Agregacion de SCORM.
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Durante la fase de aprendizaje de los conceptos basicos de programacion los estudiantes sintieron
poco agrado, aunque alguna curiosidad por conocer la materia. Es asi que sus primeras practicas
en laboratorio estuvieron cargadas de una entusiasta expectativa por aprender. Esta expectativa fue
decreciendo a medida que se daban cuenta de la rigurosidad de la sintaxis de los lenguajes de progra-
macion y la poca funcionalidad que sus aplicaciones tenian frente al esfuerzo entregado. Las cuatro
etapas del método se muestran en la siguiente Figura 1.

Disefio die
aplicaciones usanidos
herramientas
oFientacdas a Diogues

Programacidn con
lenguajes Agregacidon de SCORM
profesionales

Agrendizaje escencial

Figura 1.- Etapas del proceso de desarrollo de videojuegos

En la segunda etapa, los estudiantes sienten satisfaccion por la facilidad con la cual pueden de-
sarrollar pequefias animaciones que cautivan su interés, aunque no encuentran en ellas practicidad.
Necesitan algo que sea mas acorde con su nivel, y sienten la premura de aceptar el uso de lenguajes
de programacion profesionales.

Una herramienta muy popular de programacion por bloques es Scratch (Lifelong Kindergarten en
el MIT Media Lab, 2016), esta herramienta es utilizada en muchas escuelas y colegios. Es utilizada
para la ensefianza de la programacion a nifios y adultos. Scratch es una herramienta de programacion
visual que permite la union de bloques para construir la l6gica de un programa con presencia grafica,
normalmente un videojuego. En la Figura 2 se puede observar una de las aplicaciones desarrolladas
en el curso usando Scratch, la interface amigable de esta herramienta sirve de motivacion para la
creacion de aplicaciones entretenidas. El nivel de complejidad que alcanzan este tipo de aplicaciones
puede ser muy elevado dependiendo del tiempo de dedicacion que se asigne a la programacion de las
mismas. Sin embargo, la intencién de su utilizacion es servir como motivacion para el uso de otros
lenguajes de programacion con caracteristicas mas avanzadas y con mejores prestaciones, como se
describe en la etapa siguiente.
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Figura 2.- Disefio de videojuegos usando herramientas de programacion por bloques.
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En la tercera etapa, sin embargo, descubren que toda esta tarea involucra una gran laboriosidad y
por tanto sienten la necesidad de que sus ideas y su trabajo tenga valor. Desde ahora sus esfuerzos
estaran encaminados tomando en cuenta su economia y satisfaciendo las necesidades de posibles
clientes. Aunque las herramientas de creacion de contenidos por bloques son sencillas, la calidad de
los productos no siempre es buena. También existen mecanismos para utilizar SCORM junto con he-
rramientas como Scratch, pero la intencion es transferir el disefio a otros lenguajes de programacion
y motivar su aprendizaje. Se desarrollan aplicaciones con Java, Javascript, HTMLS y CSS3, incluso
se hace uso de herramientas que incorporan SCORM vy generan codigo HTMLS como Storyline
(Articulate Global, Inc, 2016), para apresurar el desarrollo de los productos. En la Figura 3, puede
observarse la primera pantalla de una aplicacion desarrollada integramente usando HTML5.

USO DEL CAJERO AUTOMATICO

Figura 3.- Implementacion en HTMLS de un simulador de cajero automatico

Finalmente, el ampliar el mercado para sus productos involucra la aceptacion de formatos, normas
y estandares de comunicacion. El formato SCORM es una alternativa para abarcar el mayor nimero
de aulas virtuales como destino para sus creaciones.

Luego se procede a evaluar los videojuegos con grupos de personas que tienen diversas observacio-
nes sobre su uso. Durante nuestra experiencia de trabajo fue dificil atender los requerimientos de los
usuarios sin configurar varias aulas, ya que Moodle no presentaba la suficientemente flexibilidad para
permitir que un mismo curso pueda ser configurado para satisfacer a todos los grupos.

4. DISCUSION Y CONCLUSIONES

El proceso de desarrollo de videojuegos educativos toma su tiempo. El lograr realizar una aplicacion
funcional en lenguaje HTMLS que interactue con el aula virtual tomd aproximadamente un mes.
Fue necesario dividir una aplicacion en cuatro modulos para permitir que se cargara adecuadamente
desde el navegador. Por tanto, es importante que los videojuegos sean pequefios y que se evalue un
nivel cada vez.

Cada mddulo SCORM fue configurado como un curso de una tnica actividad SCORM dentro de
Moodle. La razén, no todos los usuarios tienen interés de dedicar su atencion a multiples niveles de
un videojuego. Los participantes evaluados prefieren aprobar un nivel a la vez, antes de involucrarse
con el siguiente, especialmente si su evaluacion va a ser tomada en cuenta.
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Los videojuegos generados permiten que el usuario intente resolver los retos sin conocer, para que
el usuario se autoevalte. Luego le brindan al usuario la oportunidad de aprender. En una segunda
oportunidad el usuario puede volver a intentar resolver el videojuego y su actividad es evaluada y
registrada.

El incluir cada videojuego en un curso independiente dentro del aula virtual permite que se activen
y desactiven con facilidad los respectivos niveles. Sin embargo, varios grupos de usuarios deseaban
que la interfaz incluyera el logo de su grupo u organizacion. Esta es una falencia de Moodle, no
permite que los grupos de usuarios puedan tener su propio perfil y que se desplieguen unicamente los
cursos (niveles) en los cuales estan inscritos los usuarios, sin mostrar otros cursos disponibles en la
plataforma.

Los usuarios desean que los resultados de los cursos y de las evaluaciones puedan ser intercambia-
dos y usados desde otros sistemas informaticos y curriculares. Sin embargo, Moodle en especifico,
brinda un conjunto limitado de servicios web que permiten una interaccion minima.

Si se desarrollan cursos para ser utilizados unicamente con SCORM, se podria pensar en generar
un aula que administre este tipo de material exclusivamente y que tome en cuenta las falencias men-
cionadas anteriormente.

Las tltimas versiones de Moodle nos han resultado un poco mas dificiles de entender y de mantener
pues con versiones anteriores resultaba muy simple modificar el codigo para agregar funcionalidad a
la plataforma. Sin embargo, las nuevas versiones de manejan correctamente el formato SCORM, no
asi las anteriores.

En trabajos previos se hicieron evaluaciones sobre la posibilidad de usar SCORM, con videojuegos
(Aguado, Torrente, Martinez-Ortiz, & Fernandez-Manjon, 2011). Sin embargo, no se consider6d que
los usuarios no desean interactuar con videojuegos complejos o de alta transferencia de datos. Ellos
prefieren que sean simples, muy didacticos y explicativos, y sobre todo que les permita aprobar.

Es recomendable considerar los siguientes consejos para implementar esta estrategia educativa en
otras instituciones: entender la realidad que perciben los estudiantes, transformar dicha realidad en
un juego, jugar el juego sin el uso de la tecnologia, transformarlo en un algoritmo y finalmente, crear
el producto para ser usado en una computadora.

5. REFERENCIAS

Articulate Global, Inc. (02 de 09 de 2016). articulate. Obtenido de articulate: https://es.articulate.com/
products/storyline-why.php

Aguado, A. D., Torrente, J., Martinez-Ortiz, 1. y Fernandez-Manjon, B. (2011). Analisis del Uso del
Estandar SCORM para la Integracion de Juegos Educativos. IEEE-RITA, 6(3), 118-127.

Brennan, K., Balch, C., & Chung, M. (06 de 08 de 2014). Creative Computing. Recuperado de Scrat-
ched: http://scratched.gse.harvard.edu/guide/files/CreativeComputing20140806.pdf

Brennan, K., Chung, M., & Hawson, J. (23 de 09 de 2011). Creative Computing a design-based
introduction to computational thinking. Recuperado de Scratched: http://scratched.gse.harvard.
edu/sites/default/files/curriculumguide-v20110923.pdf

Calderodn, R. P. (2008). Una Herramienta y Técnica para la Ensefianza de la Programacion. Congreso
Internacional de Computo en Optimizacion y Software (CICOS) (pp. 229-239). México.

Gonzalez, J. L., Cabrera, M. J. y Gutiérrez, F. L. (2007). Disefio de videojuegos aplicados a la Edu-
cacion Especial. VIII Congreso Internacional de Interaccion Persona Ordenador (pp. 35-45).
Zaragoza.

74



Jones, R., & Boyle, T. (2007). Learning Object Patterns for Programming. Interdisciplinary Journal
of Knowledge and Learning Objects, 3, 9-28.

Lifelong Kindergarten en el MIT Media Lab. (02 de 09 de 2016). Scratch. Obtenido de Scratch: https:/
scratch.mit.edu/

Medina, J. A., Garcia, A., Garcia, E., Diez, T., Dominguez, M. J. y Bengochea, L. (2014). Desarrollo
de un curso MOOC sobre creacion de contenidos digitales y materiales educativos multimedia
accesibles. VI Congreso Internacional sobre Aplicacion de Tecnologias de la Informacion y
Comunicaciones Avanzadas (ATICA2014), (pp. 133-139). Madrid.

Queiruga, C., Fava, L., Gomez, S., Kimura, I. M. y Bartneche, M. B. (2014). El juego como estrategia
didactica para acercar la programacion a la escuela secundaria. XVI Workshop de Investigadores
en Ciencias de la Computacion (WICC) (pp. 358-362). Ushuabhia.

Resendiz, A. (2011). Escenarios de aprendizaje basados en SCORM. Congreso Internacional Edutec
(pp. 1-11). Pachuca. Obtenido de Entorno Virtual de Formacion: http:/gte2.uib.es/edutec/sites/
default/files/congresos/edutecl1/Ponencias/Mesa%203/Escenarios%20de%20aprendizaje%20
basados%20en%20SCORM.pdf

Sanchez-Gordon, S. y Lujan-Mora, S. (2016). How Could MOOCs Become Accessible? The Case
of edX and the Future of Inclusive Online Learning. Journal of Universal Computer Science
(J.UCS), 22(1), 55-81.

Zabala, G., Moran, R. y Blanco, S. (2013). Una propuesta de enseflanza de programacion en escuela
media mediante el desarrollo de videjuegos con €Toys. //vo Simposio sobre la Sociedad de la
Informacion (SSI) (pp. 303-325). Sociedad Argentina de Informatica e Investigacion Opera-
tiva.

BREVE RESENA CURRICULAR DE LOS AUTORES

Salvador-Ullauri, Luis

Luis Salvador Ullauri es Profesor Temporal por contrato en la Escuela Politécnica Nacional en la
facultad de Ingenieria de Sistemas de Quito, Ecuador. Ingeniero en Sistemas de Computacion e
Informatica por la Escuela Politécnica Nacional de Quito (Ecuador). Obtuvo su grado de Master
en Docencia en Instituciones de Educacion Superior en la Escuela Politécnica Nacional (Ecuador)
en el afio 2008.

Sus temas principales de investigacion incluyen los algoritmos de programacion, el desarrollo de
videojuegos, el uso de tecnologias relacionadas con la educacion, la accesibilidad y la usabilidad web,
el desarrollo de las aplicaciones web, el e-learning, los cursos de tipo MOOC (Massive Open Online
Courses) y la programacion orientada a objetos.

Es profesor de las asignaturas “Programacion de Aplicaciones Web”, “Programacion de Aplica-
ciones Méviles”, “Programacion basica” y “Uso de aplicaciones ofimaticas”. Ha sido profesor de las
asignaturas “Programacion”, “Estructuras de Datos”, “Sistemas Operativos”, “Servidores Web” y
“Programacion en Internet”.

Desde el afio 2007 dicta cursos abiertos en otras universidades como la Escuela Politécnica Sa-
lesiana y la Universidad de Las Américas de Quito (Ecuador), asi como en el Centro de Educacion
Continua de la Escuela Politécnica Nacional. Esta involucrado con proyectos relacionados al uso de
aulas virtuales.

7



6 Produccion de Videojuegos Orientados a la Ensenanza Mediante Lenguajes de Programacion

Lujan-Mora, Sergio
Sergio Lujan Mora es Profesor Titular de Universidad del Departamento de Lenguajes y Sistemas
Informéaticos de la Universidad de Alicante. Ingeniero Informatico por la Universidad de Alicante
(Espafia). Obtuvo su grado de Doctor Ingeniero en Informatica en la Universidad de Alicante (Espafia)
en el afio 2005.

Sus temas principales de investigacion incluyen la accesibilidad y la usabilidad web, el desarrollo
de las aplicaciones web, el e-learning, los cursos de tipo MOOC (Massive Open Online Courses) y la
programacion orientada a objetos.

Es profesor de las asignaturas “Programacion Hipermedia I” y “XML”. Ha sido profesor de las
asignaturas “Programacion y Estructuras de Datos” y “Programacion en Internet”.

Desde el afio 2012 también trabaja en el desarrollo de cursos abiertos en linea a gran escala (conoci-
dos en inglés como MOOC). Coordina los cursos iDESWEB (http:/idesweb.es/), iXML (http://ixml.
es/) y AWEB (http://accesibilidadweb.es/).

Acosta-Vargas, Patricia

Patricia Acosta Vargas es Coordinador de la Facultad de formacion General y profesora tiempo com-
pleto de Lenguaje Digital en la Universidad de Las Ampericas en Quito, Ecuador. Ingeniera en Siste-
mas de Computacion e Informatica por la Escuela Politécnica Nacional de Quito (Ecuador). Obtuvo
su grado de Master en Docencia en Instituciones de Educacion Superior en la Escuela Politécnica
Nacional (Ecuador) en el afio 2008.

Sus temas principales de investigacion incluyen uso adecuado y accesible de los sistemas de
ofimatica, el uso y configuracion de aulas virtuales, el uso y creacion de tecnologias relacionadas con
la educacion, la accesibilidad y la usabilidad web, el e-learning, los cursos de tipo MOOC (Massive
Open Online Courses) y los negocios electronicos.

Es profesora de las asignaturas “Computacion aplicada”, “Ofimatica basica”, “Ofimatica avanza-
da”, “Negocios electronicos”, “Excel avanzado y macros con VBA” e “Informatica aplicada”.

Desde el ano 2007 dicta cursos abiertos virtuales en el Centro de Educacion Continua de la Escuela
Politécnica Nacional y en la Universidad Técnica Particular de Loja. Esta involucrada con proyectos
relacionados al uso de aulas virtuales.

76



7 Juego Serio Movil de Calculo
Binario para Personas con
Discapacidad Visual

Referencia:
Salvador-Ullauri, L., Jaramillo-Alcazar, A. Lujan-Mora, S. (2017). Juego serio movil
de calculo binario para personas con discapacidad visual. En: Proceedings ATICA2017
Tecnologia. Accesibilidad. Educar en la sociedad red, ISBN: 978-84-16599-50-9. (pp.
266-273). (Salvador-Ullauri y otros, 2017)

Disponible en:
= http://www.cc.uah.es/Atica/documentos/LibroActasATICA2017.pdf
Temas a los que aporta:

1. Caracterizacion de los problemas de accesibilidad en juegos serios.

2. Identificacion de los requisitos de accesibilidad en juegos serios, caso especifico:
juegos serios accesibles para usuarios con baja vision.

77


http://www.cc.uah.es/Atica/documentos/LibroActasATICA2017.pdf

Universitat d’Alacant
Universidad de Alicante



A Serious Game Accessible to People with Visual
Impairments

Luis Salvador-Ullauri
Escuela Politécnica Nacional
Ladrén de Guevara E11-253, Ecuador
593-2-2976300
Isalvador@cec-epn.edu.ec

ABSTRACT

Serious games allow people to learn through fun activities. This
type of video game has a growing demand and its use has spread
to several areas of education. However, accessibility for several
kinds of disabilities has not been considered in its design due to
the challenges it poses. However, there are video game
development companies that have defined certain accessibility
guidelines for several kinds of impairments. Many accessible
games have been evaluated for different types of impediments and
a set of high and low-level accessibility strategies has been
obtained so that game developers can use them to improve their
designs. These initiatives allow the development of serious
accessible games in different areas of education. This article
presents a serious game proposal accessible to people with visual
impairments. The video game is aimed at reinforcing the binary
calculation skills of engineering students.

CCS Concepts

+ Human-centered computing — Accessibility design and
evaluation methods ¢ Theory of computation = Convergence
and learning in games ¢ Applied computing — Interactive
learning environments.

Keywords

Accessibility; binary calculation; disabilities; serious games.

1. INTRODUCTION

The number of people with disabilities is growing all over the
world [1] and this has originated initiatives where accessibility
has taken center stage. Serious games are a category of video
games designed to support educational processes [2].

Nowadays, the video gaming industry is one of the fastest
growing areas. Revenues from digital games represent $94.4
billion, or 87 % of the world market. [3]. One of the reasons why
gaming is thriving is due to the fact that it consists of many
segments; as a result, the development of serious games has also
increased. Serious games allow teachers to apply new teaching
methods, and are widely recognized as having considerable
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potential to foster and support active learning [4].

Serious gaming is becoming a successful business, reaching into
defense training, education, medicine, and policy [5]. A diverse
set of industries such as education, health care, defense, and even
politics, among others, are utilizing serious games for training
purposes [6].

On the other hand, around 15% of people worldwide have a
disability. Disability affects hundreds of millions of families in
developing countries. More than one billion people in the world
live with some form of disability, of whom nearly 200 million
experience considerable functional difficulties[1]. These people
have to live with social, educational and entertainment limitations
because of their disabilities. Many people with disabilities do not
have equal access to health care, education, employment
opportunities, and disability-related services, facing exclusion
from daily life activities [1]. There is powerful evidence on the
impact of barriers encountered by disabled people on a daily basis
as a consequence of the inaccessibility to tools [7].

Accessibility can be defined as “the usability of a product, service,
environment or facility by people with the widest range of
capabilities” [8]. In addition, accessibility in video games is a
factor that should be considered in software development [9].

Taking into account the large number of people with disabilities,
it is important to offer alternatives for academic reinforcement
based on the different needs identified in engineering studies and
considering improvement levels if accessibility parameters are
included. This article presents a serious game proposal for the
reinforcement of binary calculus with accessibility features for
people with visual impairments. In this way, students with this
type of disability can use the game as well as those who do not
have a disability condition.

The rest of this article is organized as follows: Section 2 details
the method of development of the proposed application; Section 3
discusses the results of the developed application; Section 4
concludes the research and outlines future work.

2. DEVELOPMENT OF SERIOUS
ACCESSIBLE PLAY

In order to develop the proposed serious game, a specific model
was chosen among several models of existing simple video games
such as: puzzles, obstacles and shooting. Of the three model
options, the shooting model was chosen because it is the easiest to
adapt for selecting different options. In addition, shooting games
were the best-selling video games in the United States in 2016
(see Figure 1); the United States is the country with the most
active players in the world in accordance with data taken from the
2016 Essential Facts About the Computer and Video Game
Industry report [10].
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Besides, tens of millions of disabled consumers have relied on
video games as a source of relief from their infirmities, as well as
a sense of accomplishment or belonging, according to the survey
conducted by Information Solutions Group on behalf of PopCap
Games.

According to the survey, more than one in five (20.5%) casual
video game players has a physical, mental or developmental
disability. A total of 13,296 casual game players responded to the
survey, with 2,728 respondents (20.5%) identifying themselves as
"mildly" (22%), "moderately" (54%) or "severely" (24%) disabled;
of those, 46% indicated that their primary disability was physical,
29% said it was mental, and 25% stated they had a developmental
or learning disability. Over two thirds (69%) of disabled
respondents were female, and a third (35%) of all respondents had
another person such as a parent, adult offspring, spouse, guardian
or caregiver assist them in taking the survey.

These results are based on online surveys completed by 2,728
respondents randomly selected between April 2 and April 17,
2008. In theory, in 19 cases out of 20, the results will differ by no
more than 1.9 percentage points from what would have been
obtained by seeking out and polling all PopCap.com users. Survey
subjects were presented with exhaustive lists of various types of
disabilities organized by category in order to assist in accurately
categorizing themselves [11].
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Figure 1. Video game sales in the United States in 2016

According to the World Health Organization’s (WHO)
international classification of diseases [12], the visual function is
divided into four levels:

*  Normal vision.

*  Moderate visual impairment.
*  Severe visual impairment.

*  Blindness.

Each disability has its own particularities and therefore its own
accessibility parameters.

A prototype of accessible video game for people with visual
impairments is proposed by adapting the guidelines for serious
game accessibility for the disabled of Park and Kim [13], Besides,
the accessible serious video game follows the recommendations
proposed by A. Jaramillo and S. Lujan [14] for its development.
Based on this model, its context is adapted for educational needs.

The serious game designed presents the challenge of identifying
the decimal value of a binary number and provides enough time to
select the correct option.
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The basic game must meet some initial internal characteristics
related with the guidelines to develop accessible video games.
Table 1 shows the requirements that a videogame targeted to
people with visual impairments should consider.

Table 1. Requirements for the video game

Characteristic Priority
Use simple language High
Customizable fonts (color, sizes) High
Enemy marking High
Accessible menus High
Allow interfaces to be resized High
Color-Blind options High
Adequate distributed virtual controls High
No essential information in a color alone High
High-contrast mode Medium
Use explicit auditory feedback Medium
Possibility for repetition Medium
No information outside the player’s eye-line Medium
Customized head-up display Medium
Save settings Medium
Turn off/hide background animation Medium
Pause while text is being read Medium
Switch off/on graphic elements Low
Simple to difficult progression Low
Speed settings Low
Sound compass o voiced GPS Low
Text to speech capability Low
Auto aim, ability to lock on a target Low
Adjustable sensitivity Low
No 3D graphics mode Low
In-game tutorial Low

2.1 Description of the requirements

The video game has several buttons to reflect and fulfill each of
the requirements specified above. Figure 2 shows a description of
each control button available on the video game.

The control buttons are used to associate the internal values of
accessibility parameters with the game's user interface.

2.1.1 Use simple language
This requirement comes from the first low-level accessibility
guideline for video games.

Users demand information and instant action. Clear and simple
language makes the game content easy to read and helps all
people gather information faster. Texts use simple language to



reinforce the main concepts and skills. The game presents only the
minimal text to understand its logic.
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Figure 2. Video game control buttons and the number
of keys associated with each of them

2.1.2 Customizable fonts

It is possible to customize three kinds of fonts and three
combinations of colors from the user interface; also, a great
number of combinations can be configured internally, and which
can be validated in the Color Blindness Simulator'

2.1.3 Enemy marking

When the user selects the correct option, the pointer is colored
with green and when the wrong option is selected the pointer is
colored with red. Besides, a square shape surrounds the option
under the pointer.

However, if people cannot distinguish these colors, graphical
information is added to the pointer at the time the selection is
made.

The Enemy Marking property can be used along with feedback
information to help the user understand the status of his or her
selection.

2.1.4 Accessible menus

The configuration buttons are located at the right side of the
screen and can be selected using the pointer, touching on the
screen or pressing any key of the keyboard from 1 to 7 in
accordance with the position that that button has on the screen.
When the user selects a button, a distinctive sound is played. So,
the user can associate the position of the button with the sound,
and can proceed to play a sequence of sounds to reach a specific
configuration.

'http://www.color-blindness.com/coblis-color-blindness-simulator

2.1.5 Allow interfaces to be resized

The user interface adapts to the visible area of the screen. All
items on the screen change with the interface. However, the
resolution of video game depends on the height of the visible area
of the screen to maintain the correct dimensions of each element.

2.1.6 Color-blind options

The video game has an option to change the color of the graphic
elements in the black and white color scheme. This color scheme
appears similarly for all diseases related to color blindness. Using
the color blindness simulator, it is possible to prove it.

2.1.7 Adequate distributed virtual controls

The options to change the values of the features of the game have
one-touch controls. This allows the user to select its favorite
settings with a simple touch. The controls are located to the right
of the user. The space between controls has a suitable distance
that can be modified by software code.

2.1.8 No essential information in a color alone

The color of information is distributed in three kinds of colors:
score, challenge and buttons. However, the color scheme can be
changed by using the respective button to select other colors for
all elements of the video game. Besides, the information related to
the challenge of the game has a special font and color.

2.1.9 High-contrast mode

The color settings contain the combination of high contrast colors.
The user can then select this option to display the entire video
game in high contrast mode.

2.1.10 Use explicit auditory feedback

When the user selects an option, the video game plays an audio to
indicate whether the selected option is correct or incorrect. Each
video game option button has a sound associated with it.

2.1.11 Possibility for repetition

Each challenge in the video game can be re-started by giving the
player more time to solve it. And, when the game is over, it can be
reloaded to start another game. There is a button to this purpose.

2.1.12 No information outside the player’s eye line
Most important video game information is available directly in
front of the user's view. This information includes the main game
area, the scoring area and the options menu.

2.1.13 Customized head-up display
The head-up screen can be configured with the option menu
buttons for various combinations of layouts.

2.1.14 Save settings

The configuration of accessibility settings for the video game is
stored in the permanent storage of the browser via the local
storage function if available. If this function is not available in the
browser, this option is ignored.

2.1.15 Turn off/hide background animation
The background can be hidden using the appropriate control. The
original setup of the shooting game is transformed into a simple
configuration without images that can distract the user.

2.1.16 Pause while text is being read

It is possible to stop the game by using a specific control made for
this purpose. If the user needs to stop the game to read the score
or any text considered important, the video game can be stopped.
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2.1.17 Switch off/on graphic elements

The same control designed to hide the background allows the user
to turn on/off graphic elements of the video game. This minimizes
the number of distracting elements.

2.1.18 Simple to difficult progression

The game is designed to increase the level of difficulty in each
challenge. It starts by proposing the identification of low-digit
binary numbers and increases the number of digits in each new
challenge.

2.1.19 Speed settings
The speed of the video game can be increased by using the
appropriate control designed for this purpose.

2.1.20 Sound compass o voiced GPS

Although the video game does not have an audible compass, a
clock sound is included to indicate the possible position of the
options or the time remaining before the challenge ends.

2.1.21 Text to speech capability
Every piece of important information is audibly reproduced to the
user for hearing assistance.

2.1.22 Auto aim, ability to lock on a target
The video game allows enclosing with a rectangle the option on
which the pointer is located at a certain moment.

2.1.23 Adjustable sensitivity

The touch sensitivity can be adjusted with the appropriate control
designed for this purpose.

2.1.24 No 3D graphics mode

The video game was developed in 2D interface to facilitate the
comprehension and usability of the same.

2.1.25 In-game tutorial
The tutorial button displays a screen with information on how
resolve any challenge.

3. SERIOUS GAME ANALYSIS

Many people learn by playing. It is not surprising, then, that
educational videogames are also being made aware of those
people who have some kind of disability and who find space as a
recreational tool for people with disabilities.

Ainscow, Booth and Dyson [15] refer to three variables for any
student's school life: presence, learning and participation.
Participation, in this case, has been neglected in the development
of video games aimed at educating people with certain types of
diseases. In this way, people involved in the development of video
games can also contribute to the generation of educational
products by providing technological solutions to the needs of
people with different disabilities.

The experience of using serious games, however, may differ
between users, as with any type of learning material. For this
reason, this article proposes a solution that joins a vast list of
attempts to make education increasingly inclusive. The user
requirements are collected according to the accessibility needs of
each individual [16].

The programming of the serious game presented in this paper
contains in its code the parameterization process which allows its
adaptability to different types of disabilities. The adaptation
would be made according to the changing requirements of each
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user and can be evaluated with the appropriate procedures [17]. It
would be enough to associate the internal parameterization
implemented in the coding with new controls in the user interface
to allow those variables to be modified by the user.

A copy of the last version of the video game is available in
Internet®

4. CONCLUSIONS AND FUTURE WORK

This research aims to contribute to the learning and entertainment
methodologies for the visually impaired, which cannot access
serious games due to their condition. It is important to promote
these kinds of initiatives in order to include accessibility
parameters in the design and implementation of video games. The
availability of serious, non-accessible games contradicts Article
24 in the United Nations Convention on the Rights of Persons
with Disabilities [ 18] because it prevents persons with disabilities
from having access to equitable education compared to persons
without disabilities.

In recent years, the mobile devices market has grown and with
them access to video games has also increased. This is a great
opportunity for serious games as they can be incorporated into this
market segment. This study allows us to exemplify in a simple
serious game the importance of incorporating accessibility into
videogames, especially those related to education. It also opens up
new opportunities to generate new learning mechanisms for
students. This type of video game would allow learning objectives
to be achieved in educational institutions regardless of the area of
focus of the game.

Education is an area with high potential for application of video
games since it seeks to promote people’s motivation and
engagement [19]. In addition, the attitude of students towards new
tools is often positive [20]. However, in some studies it was
observed that, over time, gamified students were less motivated,
strengthened and satisfied [21]. An alternative is the use of social
gamification since it yields better results [22]. Although, the
effectiveness of gamification varies according to the individual
attributes [23]. Some studies suggest that, in certain contexts, the
elements of the game act as extrinsic incentives [24]. It is
necessary to determine what these contexts are, in this idea, the
develop of serious video games is supported.

On the other hand, in the future it is proposed to carry out
accessibility and acceptance tests with visually impaired people in
order to validate the effectiveness of the video game. More
accessibility features could also be included, as well as focusing
on another disability therefore it is important to continue to
develop accessible video games and provide better opportunities
for people with disabilities. Achieving an inclusive design as a
model for the development of video games is part of the
challenges considered by future research work.
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ABSTRACT

Serious games allow people to learn through fun activities. This
type of video game has a growing demand and its use has spread
to several areas of education. However, accessibility for several
kinds of disabilities has not been considered in its design due to
the challenges it poses. However, there are video game
development companies that have defined certain accessibility
guidelines for several kinds of impairments. Many accessible
games have been evaluated for different types of impediments and
a set of high and low-level accessibility strategies has been
obtained so that game developers can use them to improve their
designs. These initiatives allow the development of serious
accessible games in different areas of education. This article
presents a serious game proposal accessible to people with visual
impairments. The video game is aimed at reinforcing the binary
calculation skills of engineering students.

CCS Concepts

* Human-centered computing — Accessibility design and
evaluation methods ¢ Theory of computation — Convergence
and learning in games ¢ Applied computing — Interactive

learning environments.

Keywords

Accessibility; binary calculation; disabilities; serious games.

1. INTRODUCTION

The number of people with disabilities is growing all over the
world [1] and this has originated initiatives where accessibility
has taken center stage. Serious games are a category of video
games designed to support educational processes [2].

Nowadays, the video gaming industry is one of the fastest
growing areas. Revenues from digital games represent $94.4
billion, or 87 % of the world market. [3]. One of the reasons why
gaming is thriving is due to the fact that it consists of many
segments; as a result, the development of serious games has also
increased. Serious games allow teachers to apply new teaching
methods, and are widely recognized as having considerable

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. Copyrights
for components of this work owned by others than ACM must be
honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee. Request permissions from
Permissions@acm.org.

ICETC 2017, December 20-22, 2017, Barcelona, Spain

© 2017 Association for Computing Machinery.

ACM ISBN 978-1-4503-5435-6/17/12...$15.00
httos://doi.ore/10.1145/3175536.3175576

Angel Jaramillo-Alcazar
Universidad de Las Américas
Av. Granados E12-41, Ecuador
593-2-3981000 ext. 172

angel.jaramillo@udla.edu.ec

Sergio Lujan-Mora
University of Alicante
San Vicente del Raspeig s/n, Spain
34-9-65903400 ext. 2962

sergio.lujan@ua.es

potential to foster and support active learning [4].

Serious gaming is becoming a successful business, reaching into
defense training, education, medicine, and policy [5]. A diverse
set of industries such as education, health care, defense, and even
politics, among others, are utilizing serious games for training
purposes [6].

On the other hand, around 15% of people worldwide have a
disability. Disability affects hundreds of millions of families in
developing countries. More than one billion people in the world
live with some form of disability, of whom nearly 200 million
experience considerable functional difficulties[1]. These people
have to live with social, educational and entertainment limitations
because of their disabilities. Many people with disabilities do not
have equal access to health care, education, employment
opportunities, and disability-related services, facing exclusion
from daily life activities [1]. There is powerful evidence on the
impact of barriers encountered by disabled people on a daily basis
as a consequence of the inaccessibility to tools [7].

Accessibility can be defined as “the usability of a product, service,
environment or facility by people with the widest range of
capabilities” [8]. In addition, accessibility in video games is a
factor that should be considered in software development [9].

Taking into account the large number of people with disabilities,
it is important to offer alternatives for academic reinforcement
based on the different needs identified in engineering studies and
considering improvement levels if accessibility parameters are
included. This article presents a serious game proposal for the
reinforcement of binary calculus with accessibility features for
people with visual impairments. In this way, students with this
type of disability can use the game as well as those who do not
have a disability condition.

The rest of this article is organized as follows: Section 2 details
the method of development of the proposed application; Section 3
discusses the results of the developed application; Section 4
concludes the research and outlines future work.

2. DEVELOPMENT OF SERIOUS
ACCESSIBLE PLAY

In order to develop the proposed serious game, a specific model
was chosen among several models of existing simple video games
such as: puzzles, obstacles and shooting. Of the three model
options, the shooting model was chosen because it is the easiest to
adapt for selecting different options. In addition, shooting games
were the best-selling video games in the United States in 2016
(see Figure 1); the United States is the country with the most
active players in the world in accordance with data taken from the
2016 Essential Facts About the Computer and Video Game
Industry report [10].
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Besides, tens of millions of disabled consumers have relied on
video games as a source of relief from their infirmities, as well as
a sense of accomplishment or belonging, according to the survey
conducted by Information Solutions Group on behalf of PopCap
Games.

According to the survey, more than one in five (20.5%) casual
video game players has a physical, mental or developmental
disability. A total of 13,296 casual game players responded to the
survey, with 2,728 respondents (20.5%) identifying themselves as
"mildly" (22%), "moderately" (54%) or "severely" (24%) disabled;
of those, 46% indicated that their primary disability was physical,
29% said it was mental, and 25% stated they had a developmental
or learning disability. Over two thirds (69%) of disabled
respondents were female, and a third (35%) of all respondents had
another person such as a parent, adult offspring, spouse, guardian
or caregiver assist them in taking the survey.

These results are based on online surveys completed by 2,728
respondents randomly selected between April 2 and April 17,
2008. In theory, in 19 cases out of 20, the results will differ by no
more than 1.9 percentage points from what would have been
obtained by seeking out and polling all PopCap.com users. Survey
subjects were presented with exhaustive lists of various types of
disabilities organized by category in order to assist in accurately
categorizing themselves [11].
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Figure 1. Video game sales in the United States in 2016

According to the World Health Organization’s (WHO)
international classification of diseases [12], the visual function is
divided into four levels:

e Normal vision.

*  Moderate visual impairment.
*  Severe visual impairment.

*  Blindness.

Each disability has its own particularities and therefore its own
accessibility parameters.

A prototype of accessible video game for people with visual
impairments is proposed by adapting the guidelines for serious
game accessibility for the disabled of Park and Kim [13], Besides,
the accessible serious video game follows the recommendations
proposed by A. Jaramillo and S. Lujan [14] for its development.
Based on this model, its context is adapted for educational needs.

The serious game designed presents the challenge of identifying
the decimal value of a binary number and provides enough time to
select the correct option.
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The basic game must meet some initial internal characteristics
related with the guidelines to develop accessible video games.
Table 1 shows the requirements that a videogame targeted to
people with visual impairments should consider.

Table 1. Requirements for the video game

Characteristic Priority
Use simple language High
Customizable fonts (color, sizes) High
Enemy marking High
Accessible menus High
Allow interfaces to be resized High
Color-Blind options High
Adequate distributed virtual controls High
No essential information in a color alone High
High-contrast mode Medium
Use explicit auditory feedback Medium
Possibility for repetition Medium
No information outside the player’s eye-line Medium
Customized head-up display Medium
Save settings Medium
Turn off/hide background animation Medium
Pause while text is being read Medium
Switch off/on graphic elements Low
Simple to difficult progression Low
Speed settings Low
Sound compass o voiced GPS Low
Text to speech capability Low
Auto aim, ability to lock on a target Low
Adjustable sensitivity Low
No 3D graphics mode Low
In-game tutorial Low

2.1 Description of the requirements

The video game has several buttons to reflect and fulfill each of
the requirements specified above. Figure 2 shows a description of
each control button available on the video game.

The control buttons are used to associate the internal values of
accessibility parameters with the game's user interface.

2.1.1 Use simple language
This requirement comes from the first low-level accessibility
guideline for video games.

Users demand information and instant action. Clear and simple
language makes the game content easy to read and helps all
people gather information faster. Texts use simple language to



reinforce the main concepts and skills. The game presents only the
minimal text to understand its logic.
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Figure 2. Video game control buttons and the number
of kevs associated with each of them

2.1.2 Customizable fonts

It is possible to customize three kinds of fonts and three
combinations of colors from the user interface; also, a great
number of combinations can be configured internally, and which
can be validated in the Color Blindness Simulator'

2.1.3 Enemy marking

When the user selects the correct option, the pointer is colored
with green and when the wrong option is selected the pointer is
colored with red. Besides, a square shape surrounds the option
under the pointer.

However, if people cannot distinguish these colors, graphical
information is added to the pointer at the time the selection is
made.

The Enemy Marking property can be used along with feedback
information to help the user understand the status of his or her
selection.

2.1.4 Accessible menus

The configuration buttons are located at the right side of the
screen and can be selected using the pointer, touching on the
screen or pressing any key of the keyboard from 1 to 7 in
accordance with the position that that button has on the screen.
When the user selects a button, a distinctive sound is played. So,
the user can associate the position of the button with the sound,
and can proceed to play a sequence of sounds to reach a specific
configuration.

'http://www.color-blindness.com/coblis-color-blindness-simulator

2.1.5 Allow interfaces to be resized

The user interface adapts to the visible area of the screen. All
items on the screen change with the interface. However, the
resolution of video game depends on the height of the visible area
of the screen to maintain the correct dimensions of each element.

2.1.6 Color-blind options

The video game has an option to change the color of the graphic
elements in the black and white color scheme. This color scheme
appears similarly for all diseases related to color blindness. Using
the color blindness simulator, it is possible to prove it.

2.1.7 Adequate distributed virtual controls

The options to change the values of the features of the game have
one-touch controls. This allows the user to select its favorite
settings with a simple touch. The controls are located to the right
of the user. The space between controls has a suitable distance
that can be modified by software code.

2.1.8 No essential information in a color alone

The color of information is distributed in three kinds of colors:
score, challenge and buttons. However, the color scheme can be
changed by using the respective button to select other colors for
all elements of the video game. Besides, the information related to
the challenge of the game has a special font and color.

2.1.9 High-contrast mode

The color settings contain the combination of high contrast colors.
The user can then select this option to display the entire video
game in high contrast mode.

2.1.10 Use explicit auditory feedback

When the user selects an option, the video game plays an audio to
indicate whether the selected option is correct or incorrect. Each
video game option button has a sound associated with it.

2.1.11 Possibility for repetition

Each challenge in the video game can be re-started by giving the
player more time to solve it. And, when the game is over, it can be
reloaded to start another game. There is a button to this purpose.

2.1.12 No information outside the player’s eye line
Most important video game information is available directly in
front of the user's view. This information includes the main game
area, the scoring area and the options menu.

2.1.13 Customized head-up display
The head-up screen can be configured with the option menu
buttons for various combinations of layouts.

2.1.14 Save settings

The configuration of accessibility settings for the video game is
stored in the permanent storage of the browser via the local
storage function if available. If this function is not available in the
browser, this option is ignored.

2.1.15 Turn off/hide background animation
The background can be hidden using the appropriate control. The
original setup of the shooting game is transformed into a simple
configuration without images that can distract the user.

2.1.16 Pause while text is being read

It is possible to stop the game by using a specific control made for
this purpose. If the user needs to stop the game to read the score
or any text considered important, the video game can be stopped.
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2.1.17 Switch off/on graphic elements

The same control designed to hide the background allows the user
to turn on/off graphic elements of the video game. This minimizes
the number of distracting elements.

2.1.18 Simple to difficult progression

The game is designed to increase the level of difficulty in each
challenge. It starts by proposing the identification of low-digit
binary numbers and increases the number of digits in each new
challenge.

2.1.19 Speed settings
The speed of the video game can be increased by using the
appropriate control designed for this purpose.

2.1.20 Sound compass o voiced GPS

Although the video game does not have an audible compass, a
clock sound is included to indicate the possible position of the
options or the time remaining before the challenge ends.

2.1.21 Text to speech capability
Every piece of important information is audibly reproduced to the
user for hearing assistance.

2.1.22 Auto aim, ability to lock on a target
The video game allows enclosing with a rectangle the option on
which the pointer is located at a certain moment.

2.1.23 Adjustable sensitivity
The touch sensitivity can be adjusted with the appropriate control
designed for this purpose.

2.1.24 No 3D graphics mode
The video game was developed in 2D interface to facilitate the
comprehension and usability of the same.

2.1.25 In-game tutorial
The tutorial button displays a screen with information on how
resolve any challenge.

3. SERIOUS GAME ANALYSIS

Many people learn by playing. It is not surprising, then, that
educational videogames are also being made aware of those
people who have some kind of disability and who find space as a
recreational tool for people with disabilities.

Ainscow, Booth and Dyson [15] refer to three variables for any
student's school life: presence, learning and participation.
Participation, in this case, has been neglected in the development
of video games aimed at educating people with certain types of
diseases. In this way, people involved in the development of video
games can also contribute to the generation of educational
products by providing technological solutions to the needs of
people with different disabilities.

The experience of using serious games, however, may differ
between users, as with any type of learning material. For this
reason, this article proposes a solution that joins a vast list of
attempts to make education increasingly inclusive. The user
requirements are collected according to the accessibility needs of
each individual [16].

The programming of the serious game presented in this paper
contains in its code the parameterization process which allows its
adaptability to different types of disabilities. The adaptation
would be made according to the changing requirements of each
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user and can be evaluated with the appropriate procedures [17]. Tt
would be enough to associate the internal parameterization
implemented in the coding with new controls in the user interface
to allow those variables to be modified by the user.

A copy of the last version of the video game is available in
Internet®

4. CONCLUSIONS AND FUTURE WORK

This research aims to contribute to the learning and entertainment
methodologies for the visually impaired, which cannot access
serious games due to their condition. It is important to promote
these kinds of initiatives in order to include accessibility
parameters in the design and implementation of video games. The
availability of serious, non-accessible games contradicts Article
24 in the United Nations Convention on the Rights of Persons
with Disabilities [ 18] because it prevents persons with disabilities
from having access to equitable education compared to persons
without disabilities.

In recent years, the mobile devices market has grown and with
them access to video games has also increased. This is a great
opportunity for serious games as they can be incorporated into this
market segment. This study allows us to exemplify in a simple
serious game the importance of incorporating accessibility into
videogames, especially those related to education. It also opens up
new opportunities to generate new learning mechanisms for
students. This type of video game would allow learning objectives
to be achieved in educational institutions regardless of the area of
focus of the game.

Education is an area with high potential for application of video
games since it seeks to promote people’s motivation and
engagement [19]. In addition, the attitude of students towards new
tools is often positive [20]. However, in some studies it was
observed that, over time, gamified students were less motivated,
strengthened and satisfied [21]. An alternative is the use of social
gamification since it yields better results [22]. Although, the
effectiveness of gamification varies according to the individual
attributes [23]. Some studies suggest that, in certain contexts, the
elements of the game act as extrinsic incentives [24]. It is
necessary to determine what these contexts are, in this idea, the
develop of serious video games is supported.

On the other hand, in the future it is proposed to carry out
accessibility and acceptance tests with visually impaired people in
order to validate the effectiveness of the video game. More
accessibility features could also be included, as well as focusing
on another disability therefore it is important to continue to
develop accessible video games and provide better opportunities
for people with disabilities. Achieving an inclusive design as a
model for the development of video games is part of the
challenges considered by future research work.
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Abstract. Currently, there are many students with cognitive problems to learn
new concepts in theoretical classes. For students to improve the learning process
from the knowledge transmitted in class, we propose a method to motivate the
development of computer applications to reinforce the learning of new concepts.
This research presents a method for evaluation of accessible video games. In
order to evaluate accessibility in a videogame, the Web Content Accessibility
Guidelines 2.1 will be considered, which includes barriers for users with cog-
nitive disabilities. This category of users involves people with limited ability to
process and memorize information, make decisions, or learn. The proposed
method can be replicated for users with other types of disabilities and can be
applied during the game development cycle to ensure a more inclusive and
accessible product.

Keywords: Accessibility - Cognitive - Disabilities - Evaluation - Method -
Video games + WCAG 2.1

1 Introduction

Today, video games are fascinating to observe, fun to play, and very attractive to
students. Besides, educational video games allow students to develop useful cognitive
skills, which may be essential in the course of their lives. Education with video games
improves some aspects of cognitive functioning [1], such as memory, attention span,
and reaction time, as well as multitasking and general cognitive control [2]. At present,
the number of students with learning difficulties accessing university environments is
increasing [3-5], highlighting the importance of making adaptations that correspond to
the needs of the new students. In order to improve students’ understanding of the
different concepts taught in class, the design and development of accessible video
games are used. However, it is necessary to establish design guidelines to develop truly
accessible video games that improve the understanding of the information of each
subject. The Convention on the Rights of Persons with Disabilities (CRPD) [6]
establishes the right of access to information for all people, using accessible formats
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and appropriate technologies that mainly assist people with different disabilities.
Therefore, accessibility parameters must be taken into account by developers when
programming applications [7]. Research is taking on the challenge of implementing
video games to improve the education of people with cognitive disabilities [8].
However, most research on games for cognitive disabilities are focused on therapy and
rehabilitation. Of this way, a work about the use of serious games [9] establishes a set
of design principles aimed at the appropriate development of educational games for
people with cognitive disabilities. In order to verify these guidelines and establish the
cognitive barriers presented in serious video games, a group of ten video games will be
evaluated using these design principles and those established by the Web Content
Accessibility Guidelines (WCAG) 2.1 [10]. These principles are used in order to
evaluate ten serious games taken from PhET project of the Colorado University.
Consequently, this study firstly proposes to apply these principles to evaluate devel-
oped serious games and then, to develop improved serious game using the lessons
learned.

The rest of the article is structured as follows: Sect. 2 includes the background and
related work. Section 3 presents the method; Sect. 4 presents the results and the dis-
cussion. Finally, Sect. 5 presents conclusions and future work.

2 Background and Related Work

Currently, there are several investigations on the use of educational video games to
improve the cognitive process of students of different ages. The Learning Strategies
Program, funded by the Defense Advanced Research Projects Agency, was the entity
that carried out the most systematic and remarkable attempt to use video games to
understand and improve human performance and cognition [11]. Many brain training
programs have been conducted and, in conclusion, it has been stated that video games
can significantly improve cognitive function [12]. However, even games that promote
intellectual challenge are not always effective in inducing cognitive improvement in
players [13]. Besides, training studies suggest that differences between non-players and
players are not only correlative but that there is a causal relationship between improved
perceptual and cognitive abilities and the use of educational video games [14]. Space
capability has been shown to play an essential role in achievements in the disciplines of
science, technology, engineering, and mathematics (STEM). One way to improve
spatial capacity is through video gameplay [15].

Therefore, these works suggest that playing video games may have perceptual and
cognitive benefits. However, the implementation of accessible video games intended to
aid cognitive development is a relatively new idea. Two studies reviewed whether
action video games can have a perceptual effect on children’s perception. First study
analyzes perceptual benefits of video game use [16], while the second study deals with
the cognitive benefits of using such video games [17]. These studies together conclude
that using video games improves working memory, but not perceptual processing
speed. Therefore, educational video games have been observed to have positive effects
that include improved learning, promotion of personal development, the ability to
motivate people, and mental/physical rehabilitation. It is necessary to bear in mind that
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multimedia content, such as educational video games and simulations in general,
present accessibility challenges that must be addressed in order to maintain the
inclusion of e-learning [18]. Although the accessibility of websites is reasonably
covered, in other areas, such as the development of video games and serious simula-
tions, attempts are still being made to find the most appropriate way to improve
accessibility [19, 20]. In this context, educational accessibility technologies can affect
the future opportunities of people with cognitive problems due to limited means of
access. Thus, other work has focused on providing design guidelines for the design of
user interfaces and simple methodologies for the development of accessible educational
video games [19]. Therefore, serious games use strategies that are often applied in
special education, such as immediate feedback, context-based teaching and learning,
and repetition [21].

Thus, in some cases, the ineffectiveness of educational video games may be the
result of usability and accessibility problems not considered in their design [22]. It is
because of these design issues that many developers of educational video games and
simulations seek to create simple design interfaces that are attractive and fun while
improving users’ memory and attention skills [23]. Similarly, design guidelines have
been defined that continue to work well for evaluating finished games and have
increased awareness of accessibility in educational games [24]. WCAG include
requirements that address cognitive accessibility that is used to validate and generate a
subset of guidelines aimed at evaluating selected serious video games.

3 Method

Figure 1 summarizes the method applied by WCAG 2.1 for the evaluation of video
games, involving a process with nine sequential steps.

Step 1 Step 2 Step 3 Step 4 Step 5
Select a Identify the Design a guide Identify barriers for
representative scenafr);o for the tasks Select the group userslfy rrier
sample 9f co_gmtlvely
impaired
Step 9 Step 8 Step 7 Step 6

Proposes Apply

possible Analyzethe | pecord the evaluation

solutions results results

Fig. 1. Method for evaluating accessibility in video games

Serious video games were selected based on the relationship between game per-
formance and specific cognitive skills related to mathematics. The name of the ten
serious games evaluated are Area Builder, Area Model Algebra, Area Model Decimal,
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Area Model Introduction, Area Model Multiplication, Arithmetic, Build a fraction,
Fraction matcher, Fractions equality and, Fractions mixed numbers. These video games
belong to the set of educational video games offered in the PhET project of the
University of Colorado'. The tasks performed in order to evaluate the selected edu-
cational video games include the considerations listed in Table 1, contains the iden-
tificatory, group, consideration, and, WCAG 2.1.

Table 1. List of tasks performed on the evaluated video games

Id | Group Consideration Guideline WCAG
2.1

A | Interface A limited number of objects Navigable

B Interface Enough size of objects Readable

C User control Enough time to interact with the Enough time

objects

D | User control Button to restart the game Input assistance

E Identification with the Motivational elements Input assistance
game

F Identification with the Configurable elements Input assistance
game

G | Feedback Re\;arding mechanisms Input assistance

H | Feedback Simple texts to show results Predictable

| Transmission of Representation of concepts clearly Readable
concepts

J Transmission of Implicit educational content Predictable
concepts

In order to identify the exact scenario to evaluate these video games is necessary to
consider that a game is usable when the players do not have to struggle with the game
interface, and the game mechanic is understandable to the player [25]. Five users who
had learning problems in Mathematics were selected to evaluate the games. According
to Nielsen et al., the best results come from testing with no more than five users. The
reason why it can be applied in the case of video game accessibility [26].

4 Results and Discussion

Figure 2 presents the barriers identified for the games evaluated by the five users.
According to the results obtained, all the games have a button to restart the game and
enough time to interact with the game elements.

! https://phet.colorado.edu/es_PE/simulations.
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Build a fraction | <
Area Builder I

Arithmetic I ¢

Area Model Decimal I o

Area Model Introduction 8
Fractions mixed numbers 9
Fraction matcher 9

Area Model Multiplication | 10
Fractions equality | 12
Area Model Algebr | 12

Fig. 2. Barriers found by the evaluators

However, the evaluators consider that it is necessary to add more motivation ele-
ments and reward mechanisms. The data set for analysis and replication of the eval-
uation is available in the Mendeley repository>.

Frequently repeated errors are related to “Input assistance” and “Predictable” with
23% each, “Readable” with 22%, followed by “Navigable” with 17%, and “Navigable”
with 15%. We can observe that in users with a cognitive disability, the principle that is
repeated more frequently is the “Understandable.”

Many of the games have predictable, repetitive mechanisms that do not contribute
to a better understanding of the subject although they allow users to find simple
procedures to solve the proposed challenges.

5 Conclusions and Future Works

The inclusion of users with cognitive problems and the improved use of video games
for education can be achieved by reducing the number of barriers identified in edu-
cational video games, which should also be considered in the development of new
educational applications. The results of the educational video games evaluated reveal
that these applications do not reach an adequate level of accessibility to be used by
people with cognitive problems, although they comply with some of the accessibility
requirements. Therefore, we suggest considering improving the accessibility in the
future development of educational simulations and educational video games.
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Abstract: Nowadays, one of the learning resources in the educational area are serious games,
also called training games; they are games designed with a different purpose than fun, whose main
objective is to reinforce the new concepts more creatively. However, not all existing serious games are
accessible in a way that allows access to a more significant number of users. Therefore, this research
proposes to apply a combined method to evaluate accessibility in serious games, considering the
Web Content Accessibility Guidelines (WCAG) 2.1. As a case study, we evaluated the accessibility
of 82 serious games developed by Physical Education Technology Interactive Simulations at the
University of Colorado. We propose to replicate this combined method for users with various types
of disabilities, considering the various accessibility barriers. As future work, we suggest generating
an accessibility heuristic evaluation focused on serious games, based on the accessibility issues
identified. Finally, we believe it is essential to strengthen accessibility policies in each country,
as well as implement best practices that generate innovation by incorporating diversity in building
and designing more inclusive serious games.

Keywords: accessibility; assessment; combined method; evaluation; interactive simulations; serious
games; Web Content Accessibility Guidelines (WCAG) 2.1

1. Introduction

Belitski and Heron [1] argue that it is essential to complement formal education with teaching
methods supported by group activities, simulations, and serious games. Serious games, including
interactive simulations, are a powerful means of supporting college student learning [2]. Among the
main benefits of simulations is to clarify concepts and improve understanding of the different topics
taught in higher education institutions. Several authors agree that serious games improve students’
comprehension skills as they learn [3].

Aviation and militia-oriented, high-definition video games have been giving way to other
types of games based on computers, consoles, and mobile devices, thanks to the reduction of
technology costs. Education in the 21st century [4] requires the acquisition of new skills by teachers
and students. Many of these skills are intimately related to new science, technology, engineering,
and mathematics (STEM).

The prominent representatives of governments, businesses, and academia focus on how technology
can help in the acquisition of these new skills. For example, Microsoft carries out events aimed at
disseminating and promoting the use of video games in education. EduGameDay is an example of this
type of event where professionals from the education sector and the video game industry demonstrate
the advantage of using this resource as a pedagogical tool.
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Another example of the initiative of the use of video games in education is GameOn. This video
game is a text-based adventure, developed by IBM, built to help students explore microservice
architectures and related concepts.

In this way, the acquisition of the skills necessary for education in the 21st century [4] can improve
with the incorporation of technological tools in learning processes, including in the medical and health
area; serious games could be used to facilitate these learning processes.

Of course, the use of serious games can be an alternative to current didactic tools [5], but these
resources must be carefully designed so that their usefulness is valued. Some research affirms the
indisputable benefits of including serious games in education, while other research points to the need
for a more thorough evaluation of these types of resources before using them in the classroom [6].

Recent studies affirm that the use of video games in education has not been fully adopted because
it is necessary to evaluate teachers’ understanding and acceptance and their effectiveness within
different educational contexts. Teachers need to be convinced about the usefulness of using video
games in class, and they need to understand how they can evaluate the knowledge acquired [7].
While some remain skeptical, most agree that serious games have great potential for learning [8,9].

Although the use of videogames has increased in the United States and several European countries,
it is necessary to evaluate their effectiveness, which may be subject, as happens with other media,
to an adequate didactic design as well as accessibility. Evaluating the accessibility of video games is
a crucial factor in promoting the evaluation of their educational content. Among the main benefits of
an accessible video game, we can enumerate the following: (1) allows the inclusion of all types of users;
(2) improves access to learning content; (3) helps to achieve better learning outcomes; (4) allows the
reuse of content on multiple devices; and (5) allows users with a permanent or temporary disability to
receive and understand its educational content, as well as be able to use it correctly.

According to data from the World Health Organization (WHO), around a billion users worldwide
suffer some form of physical or mental disability [10]. Therefore, accessibility in serious games is
essential to provide a better interaction between users and video games. Without a doubt, the main
reason for designing accessible serious games is to provide access to a more significant number of
users, including people with some type of disability.

Therefore, this research proposes to apply a combined method to evaluate accessibility in serious
games, taking into account the Web Content Accessibility Guidelines (WCAG) 2.1. In this research,
we evaluated the accessibility of 82 serious games developed in HTML5 by Physical Education
Technology (PhET) Interactive Simulations at the University of Colorado [11]. PhET offers fun, free,
interactive simulations in Mathematics, Biology, Chemistry, Earth Science, and Physics [12] that are
based on research. It has a total of 83 simulations developed in HTMLS5, 57 applications in Java via
Cheerp], 63 simulations developed in Java, and 12 applications in Flash. The applications can be
executed online or downloaded to a computer. All simulations include the HTMLS5 source code and
PhET’s Javascript, located on PhET’s GitHub page. The PhET project has several sponsors that make
these resources free to all teachers and students.

In this study, we consider web accessibility as a starting point, which implies how users perceive,
navigate, understand and interact on the web [13]; therefore, it is essential to keep in mind that the
level of accessibility is the fundamental basis to facilitate access to serious games, especially for users
with disabilities.

The manual method applied in this investigation comprises nine phases: (1) select serious games;
(2) define the type of user; (3) define the test scenario; (4) explore each game to evaluate; (5) list the
barriers based on Web Content Accessibility Guidelines (WCAG) 2.1; (6) evaluate with automatic tools
and manually; (7) record evaluation data; (8) classify and analyze data; and (9) provide suggestions to
improve accessibility. Besides, in the evaluation, the authors considered the WCAG 2.1 [14,15] based on
five parameters: (1) accessible content; (2) visible focus; (3) accessible with a keyboard; (4) association of
labels and controls; (5) controls for animation and audio. This research invites reflection and considers
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the importance of complying with and applying accessibility standards in the design of serious games
considering diversity.

This research can serve as a guide for serious game designers and developers to apply WCAG 2.1
with an acceptable level of accessibility; additionally, this study can serve as a starting point for future
work related to accessibility in serious games.

This research is structured as follows: Section 1 presents the introduction; Section 2 describes the
background and previous work related to accessibility in serious games; Section 3 presents the method
and the case study; Section 4 discusses the evidence and results; Section 5 presents conclusions and
future work.

2. Background and Related Work

Currently, there are a large number of websites offering serious simulations and games. Statista [16]
estimated that market revenue based on serious games worldwide is expected to grow from
USD 3.5 billion in 2018 to 24 billion in 2024. Furthermore, in these times of social distancing [17],
serious gaming has become highly supportive of teaching resources in the educational area. However,
not all serious games are accessible. Accessibility refers to the condition if someone, regardless of their
disability, can use serious games without barriers that prevent regular use and interaction with it.

2.1. Serious Games

The definition of serious games has been around before computing devices and entertainment.
According to Schell [18], the definition indicates that games include goals, challenges, and rules to win
or lose. Abt [19] indicates that “serious games” have an explicit and carefully thought-out educational
purpose and are not intended to be played with fun only in mind. Lépez et al. [20] argue that a serious
game retains all the characteristics of a typical game, but point to a higher purpose than mere fun.

Jaramillo-Alcazar et al. [21] formulate that serious games allow the teaching of various types of
concepts but that various games are not accessible since they do not focus on groups with disabilities.
Salvador-Ullauri et al. [22] explain that it is a great challenge to implement serious games to support
learning processes, especially for people with cognitive disabilities. In previous studies [22], the authors
evaluated accessibility in ten serious games considering WCAG 2.0 [23]. The results revealed that
serious games did not reach an adequate level of accessibility.

2.2. Accessibility

According to Park and Kim [24], accessibility in serious games makes it possible to guarantee that
any user in any technical circumstance can access the content; for this reason, in our research, we applied
WCAG 2.1 [14], the last official version of June 5, 2018, that provides recommendations to make content
more accessible including people with disability. WCAG 2.1 consists of 4 principles, 13 guidelines,
and 78 compliance criteria, and includes an undetermined number of sufficient techniques and advice.
The four principles are the same as those presented in WCAG 2.0 [23]:

Principle 1: Perceivable—All users must be able to perceive the content in a visual, sound, or tactile
way; Principle 2: Operable—Users must be able to use and navigate the interface components; Principle
3: Understandable—Both the content and the controls of the interface for its management must be
understandable to the user; Principle 4: Robust—Content must be robust to be interpreted reliably by
the most significant number of users with current and future technologies.

WCAG 2.1 [14] proposes success criteria associated with one of the following compliance levels:
Level “A”: Minimum level of accessibility, when not reaching it, users cannot access the content of
the web; Level “AA”: Intermediate level, implies that it is difficult for users to access the content;
Level “AAA”: Maximum level, when the users can access the content without difficulty.

The authors found several accessibility studies in interactive simulations as part of the serious
games contributing to this research. All these works were selected considering the interests of
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the scientific community to integrate people with disabilities into the academic world using
new technologies.

Aradgjo et al. [25] argued that video games are increasingly popular but are not accessible,
which represents a significant challenge for accessibility experts and game designers. The authors
presented a study on the existing guidelines and recommendations for accessibility in video games,
and they proposed 10 design recommendations for people with visual disabilities.

Cairns et al. [26] indicated that video games provide a cultural outlet where more players can be
included and interact to do activities in a balanced way between different users. This event is possible
if we create design environments that provide inclusive opportunities. The authors suggest including
the guidelines with a language of accessibility of the game; they propose to (1) include a structure for
the vocabulary of the game, (2) empower to meet the challenges of the game, (3) improve the player
experience. Besides, they show how incorporating the guidelines in the development of video games
provide accessible experiences to a more significant number of users.

Park and Kim [24] argued that the legislation of the accessibility guidelines could guarantee easy
access to web content, considering users with disabilities but not in video games, since the contents
of the web or mobile application consist of reasonably simple information in comparison with the
contents of the video game. The content of the video game includes a more significant number of
(1) characters, (2) players, (3) conflicts between them, and (4) updating a character when completing
a mission. Therefore, they explain that it is necessary to analyze and classify the accessibility guidelines
to evaluate each video game.

Waki et al. [27] stated that, currently, the lack of accessibility in digital games imposes barriers
for people with disabilities. The authors propose a process to evaluate a set of integrated guidelines.
The results revealed that the set of integrated guidelines allows determining the accessibility of digital
games and refine the set of integrated guidelines.

Westin et al. [28] formulated that accessibility in video games consists of eliminating the possible
barriers that prevent people with disabilities from accessing video games. The authors compared
WCAG 2.1 with a set of accessibility guidelines for digital games. They compared 107 guidelines for
accessible games.

Wilson and Crabb [29] indicated that video games, in particular, games on mobile devices,
have evolved rapidly throughout the world. One problem identified in this topic is the accessibility
that users face, especially if they have some kind of disability. In conclusion, the authors were able
to determine the participants” knowledge of accessibility guidelines and identify opinions on the
importance of applying accessibility guidelines when creating accessible content for mobile games.

Spyridonis and Daylamani-Zad [30] argued the designers’ lack of commitment in designing serious
games in the application of WCAG. They proposed to (1) focus on user-centered design, (2) identify the
types of users, (3) apply WCAG to serious game mechanics, (4) measure user satisfaction, and (5) apply
mixed methods. The results revealed that when applying the WCAG, the serious games presented an
innovative and attractive solution.

3. Method and Case Study

In this research, we propose the application of a combined method to evaluate accessibility in
serious games, considering the Web Content Accessibility Guidelines (WCAG) 2.1. As a case study,
we evaluated the accessibility in 82 serious games developed by the PhET project [12]. The evaluation
started on 19 January 2020 and ended on 20 June 2020. The study involved two expert evaluators in
accessibility, who had experienced since 2015 and have contributed several articles in the area when
there were discrepancies in the evaluation of the collaboration of a third expert was requested. In this
study, the combined method includes the application of two automatic tools and manual evaluation.
The evaluation method is summarized in the eight steps shown in Figure 1.
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Figure 1. Diagram of accessibility evaluation of serious games.

Phase 1: Select the serious games. In this phase, we selected the serious games of the PhET project.
To select the sample size, we apply equation (1).

NZ?PQ
n =
(N-1)E2 + 7Z2PQ

)

where 7 is the sample size to be calculated, N is the size of the universe, in this case, 87 serious games,
with a confidence level of 97%, where Z corresponds to 2.17, with an error margin E = 0.03. Applying
the formula, we obtained the value of 82, which is the number of serious games, selected sequentially,
and evaluated in this research by the two accessibility experts.

Table 1 contains the evaluated serious games, including the identification of each game and the
name of the serious games within each URL (The complete URL is constructed by adding to the
beginning of each address https://phet.colorado.edu/sims/html/. For example, the complete address
for the first serious game is https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-
solutions_es.html).

Table 1. Serious games were selected for evaluation.

ID URL Subject
laci acid-base-solutions/1.2.24/acid-base-solutions_es.html Chemistry
2are area-builder/1.1.20/area-builder_es.html Math
3are area-model-algebra/1.2.1/area-model-algebra_es.html Math
4are area-model-decimals/1.2.1/area-model-decimals_es.html Math
5are area-model-introduction/1.2.1/area-model-introduction_es.html Math
6ari area-model-multiplication/1.2.1/area-model-multiplication_es.html Math
7ato arithmetic/1.0.24/arithmetic_es.html Math
8bal atomic-interactions/1.1.0/atomic-interactions_es.html Chemistry
9bal balancing-act/1.1.24/balancing-act_es.html Math

10bal balancing-chemical-equations/1.2.10/balancing-chemical-equations_es.html Chemistry

109



10 Combined Method for Evaluating Accessibility in Serious Games

Table 1. Cont.

ID URL Subject
11bee balloons-and-static-electricity/1.4.14/balloons-and-static-electricity_es.html Earth science
12ben beers-law-lab/1.4.18/beers-law-lab_es.html Physics
13bla bending-light/1.1.20/bending-light_es.html Physics
14bui blackbody-spectrum/1.0.7/blackbody-spectrum_es.html Earth science
15bui build-a-fraction/1.0.12/build-a-fraction_es.html Math
16cap build-an-atom/1.6.14/build-an-atom_es.html Physics
17cha capacitor-lab-basics/1.6.19/capacitor-lab-basics_es.html Physics
18cir charges-and-fields/1.0.47/charges-and-fields_es.html Physics
19cir circuit-construction-kit-dc/1.1.5/circuit-construction-kit-dc_es.html Physics
20col circuit-construction-kit-dc-virtual-lab/1.1.5/circuit-construction-kit-dc-virtual-lab_es.html Physics
21con color-vision/1.1.23/color-vision_es.html Biology
22cou concentration/1.3.20/concentration_es.html Physics
23cur curve-fitting/1.0.0/curve-fitting_es.html Math
24dif coulombs-law/1.0.9/coulombs-law_es.html Physics
25ene diffusion/1.0.4/diffusion_es.html Earth science
26ene energy-forms-and-changes/1.0.11/energy-forms-and-changes_es.html Physics
27equ energy-skate-park-basics/1.1.19/energy-skate-park-basics_es.html Physics
28equ equality-explorer/1.0.12/equality-explorer_es.html Math
2%equ equality-explorer-basics/1.0.12/equality-explorer-basics_es.html Math
30exp equality-explorer-two-variables/1.0.12/equality-explorer-two-variables_es.html Math
31far expression-exchange/1.1.14/expression-exchange_es.html Math
32for faradays-law/1.1.23/faradays-law_es.html Physics
33fra forces-and-motion-basics/2.3.16/forces-and-motion-basics_es.html Physics
34fra fractions-equality/1.1.1/fractions-equality_es.html Math
35fra fraction-matcher/1.2.1/fraction-matcher_es.html Math
36fra fractions-intro/1.0.12/fractions-intro_es.html Math
37fri fractions-mixed-numbers/1.0.12/fractions-mixed-numbers_es.html Math
38fun friction/1.5.10/friction_es.html Physics
39fun function-builder/1.0.23/function-builder_es.html Math
40gas function-builder-basics/1.0.14/function-builder-basics_es.html Math
41gas gases-intro/1.0.5/gases-intro_es.html Earth science
42gen gas-properties/1.0.4/gas-properties_es.html Earth science
43gra gene-expression-essentials/1.0.16/gene-expression-essentials_es.html Biology
44gra graphing-lines/1.3.10/graphing-lines_es.html Math
45gra graphing-quadratics/1.1.5/graphing-quadratics_es.html Math
46gra graphing-slope-intercept/1.1.9/graphing-slope-intercept_es.html Math
47gra gravity-and-orbits/1.1.15/gravity-and-orbits_es.html Physics
48gra gravity-force-lab/2.2.0/gravity-force-lab_es.html Physics
49hoo gravity-force-lab-basics/1.0.0/gravity-force-lab-basics_es.html Physics
50iso hookes-law/1.0.23/hookes-law_es.html Chemistry
51joh isotopes-and-atomic-mass/1.1.9/isotopes-and-atomic-mass_es.html Chemistry
52lea john-travoltage/1.5.12/john-travoltage_es.html Physics

53mak least-squares-regression/1.1.20/least-squares-regression_es.html Math
54mas make-a-ten/1.0.16/make-a-ten_es.html Math
55mas masses-and-springs/1.0.10/masses-and-springs_es.html Math
56mol masses-and-springs-basics/1.0.9/masses-and-springs-basics_es.html Physics
57mol molarity/1.5.1/molarity_es.html Chemistry
58mol molecules-and-light/1.4.14/molecules-and-light_es.html Earth science
59mol molecule-shapes/1.2.8/molecule-shapes_es.html Chemistry
60mol molecule-shapes-basics/1.2.8/molecule-shapes-basics_es.html Chemistry
61lneu neuron/1.1.18/neuron_es.html Biology
62ohm ohms-law/1.4.7/ohms-law_es.html Math
63pen pendulum-lab/1.0.15/pendulum-lab_es.html Math
64ph ph-scale/1.3.4/ph-scale_es.html Earth science
65ph ph-scale-basics/1.3.4/ph-scale-basics_es.html Biology
66pli plinko-probability/1.1.18/plinko-probability_es.html Math
67pro projectile-motion/1.0.15/projectile-motion_es.html Math
68pro proportion-playground/1.0.15/proportion-playground_es.html Math
69rea reactants-products-and-leftovers/1.2.11/reactants-products-and-leftovers_es.html Chemistry
70res resistance-in-a-wire/1.6.9/resistance-in-a-wire_es.html Math
71rut rutherford-scattering/1.1.9/rutherford-scattering_es.html Chemistry
72sta states-of-matter-basics/1.1.8/states-of-matter-basics_es.html Physics
73sta states-of-matter/1.1.10/states-of-matter_es.html Physics
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ID URL Subject

74tri trig-tour/1.0.22/trig-tour_es.html Math
75und under-pressure/1.1.18/under-pressure_es.html Earth science
76uni unit-rates/1.0.17/unit-rates_es.html Math
77vec vector-addition/1.0.0/vector-addition_es.html Math
78vec vector-addition-equations/1.0.0/vector-addition-equations_es.html Math
79wav wave-interference/2.0.2/wave-interference_es.html Earth science
80wav waves-intro/1.0.2/waves-intro_es.html Earth science
8lwav wave-on-a-string/1.1.22/wave-on-a-string_es.html Earth science
82bui build-a-molecule/latest/build-a-molecule_en.html Chemistry

Phase 2: Define the user’s type. Two experts in software application accessibility carried out the
evaluation, in this case, on the serious games. This study defined the WCAG 2.1 for users with low
vision [31]. According to the WHO [32], blindness and vision impairment affect at least 2.2 billion
people around the world. Of those, 1 billion have a preventable vision impairment or one that has
yet to be addressed. Reduced vision can have long-lasting effects on various aspects of life, and with
increasing age, older people tend to decrease their presbyopia-related visual ability [33]. Based on these
definitions, accessibility experts evaluated serious games by applying WCAG 2.1 to identify accessibility
barriers. The experts have experience in the evaluation of mobile applications, web accessibility, and
accessibility of educational resources since 2015 and have published several articles in high impact
journals related to the topic.

Phase 3: Define the test scenario. In this phase, the authors define the scenarios to navigate and
interact in serious games and reach the goal. The task is to (1) enter serious games, (2) review the
functionality of each serious game, and (3) check if there are barriers that prevent accessibility for
serious games. In this case study, an accessibility barrier for a person with low vision [34] means that
the person cannot effectively move from one point to another within serious games due to visual
acuity problems.

Phase 4: Explore each serious game to evaluate. In the fourth phase, the user explores and
becomes familiar with the interaction mechanisms of serious games. In this phase, the evaluators
identify (1) the functionalities of serious gaming; (2) if the content is adjustable with the zoom and the
appearance of the game; and (3) the change of behavior according to the device, the context, and the
applied configuration.

Figure 2 presents a screenshot of one of the evaluated games; in this example, it is a serious game
used in Physics to explain the topic of the projectile launch.
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Phase 5: List the barriers based on WCAG. This phase is essential, in which we list the barriers
related to WCAG 2.1 for the evaluation of serious games. The barriers are listed in Table 2, which contains
29 guidelines considered in the manual evaluation of each serious game. Table 2 shows the guideline,
the barrier, the WCAG 2.1 principle, the success criteria, and the level.

Table 2. Guidelines for evaluating accessibility in serious games.

Guideline Barrier WCAG 2.1 Success Criteria Level
GO01 Accessible keyboard Operable 2.1.1 A
G02 Luminance flash failures Operable 2.3.1 A
G03 Animation from Interactions Operable 2.3.3 AAA
G04 Content hovering over focus Perceivable 1.4.13 AA
G05 Easy to read font Perceivable 1.1.1 A
G06 Text alternatives Perceivable 1.1.1 A
G07 Subtitled Perceivable 124 AA
GO08 Automatic transcripts Perceivable 1.2.5 AA
G09 Sign language Perceivable 1.2.6 AAA
G10 Information and relationships Perceivable 13.1 A
G11 Sensory characteristics Perceivable 13.1 A
GI12 Adjust display settings Perceivable 1.3.4 AA
G13 Interface rearrangement Perceivable 135 AA
Gl4 Use of color Perceivable 1.4.1 A
G15 Contrast without text Perceivable 1.4.11 AA
G16 Well-spaced elements Perceivable 1.4.12 A
G17 Good audio techniques Perceivable 142 A
G18 Contrast (Minimum) Perceivable 1.4.3 AA
G19 Images as sharp as possible Perceivable 1.4.5 AA
G20 Visual presentation Perceivable 1.4.8 AAA
G21 Pause, stop, hide Perceivable 222 A
G22 Contrast (Enhanced) Perceivable 1.4.6 AAA
G23 Screen reader support Robust 412 A
G24 Status messages Robust 413 AA
G25 Language Understandable 3.1.1 A
G26 Consistent navigation Understandable 323 AA
G27 Labels or instructions Understandable 332 A
G28 Help Understandable 3.3.5 AAA
G29 On Focus Understandable 3.2.1 A

Phase 6: Evaluate with automatic tools and manually. In this phase, we evaluated the 82 serious
games detailed in Table 1. We applied a combined evaluation using two automatic tools: (1) Colour
Contrast Analyser (CCA), version 3.0.1 [35], a tool used to analyze some WCAG 2.1 to set the input
colors of plain text. It also allows support for alpha transparency in foreground colors, includes
a color blindness simulator. This tool allows a foreground and background color swatch to be taken to
measure the contrast against which a report is output with WCAG 2.1. (2) Photosensitive Epilepsy
Analysis Tool (PEAT), version 1.6 [36], allows evaluation in serious games or animations whether the
content presents flickering or rapid transitions between light and dark background colors that can
generate photosensitive seizures caused by certain types of flashing in serious gameplay, including
mouse-overs that cause large areas of the screen to turn on and off quickly. The tool applies some of
the WCAG 2.1 and 2.2, including restrictions related to frequency, luminance, area, and color of any
flicker. Before analyzing the serious games with PEAT, the games were transformed into format Audio
Video Interleave (.AVI) using a batch processing program to take a sample of the video.

Phase 7: Record evaluation data. In this phase, we present the registration of the data obtained
from the evaluation of the accessibility of serious games with CCA and PEAT tools; the evaluation
dataset [37] can be found at https://data.mendeley.com/datasets/t2tr35ww4c/5. The codes assigned to
each column, which correspond to the WCAG success criteria, where C1 = 1.4.3 Contrast (Minimum)
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AA, Regular Text, C2 = 1.4.3 Contrast (Minimum) AA, Large Text, C3 = 1.4.6 Contrast (Enhanced)
AA, Regular Text, C4 = 1. 4.6 Contrast (Enhanced) AAA, Large Text, C5 = 1.4.11 Contrast without
text AA (Button Reset), C6 = 1.4.11 Contrast without text AA (Others), P1 = State, P2 = Luminosity
flash failures, P3 = Red flash failures, P4 = Extended flash alerts. The number one (1) indicates that the
barrier has been exceeded, and the number zero (0) indicates that it has not been exceeded. Figure 3
presents the data recorded in the manual evaluation of the serious games with WCAG 2.1, contains
the identifier assigned to each serious game with the 29 guidelines. We place the value of one (1) if
the barrier is exceeded and zero (0) when the barrier was not exceeded. In Figure 3, the darkest color
represents that the barrier was exceeded and the lightest color that the barrier was not exceeded.

ID a1 602 00 G04 GOS G2 GU7 COB 00 CI0 G11 GF3 G12 G14 GIS O18 GTF 0% 015 G G2 O G
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Figure 3. Manual evaluation of serious games.

Phase 8: Classify and analyze data. In this phase, the data of serious games were classified,
considering the four principles of web accessibility proposed in WCAG 2.1. We grouped the data
obtained with the automatic CCA and PEAT tools with which the contrast and photosensitivity
that affects users with epilepsy were analyzed. The data obtained in the manual evaluation were
grouped to identify the presence of each of the accessibility principles, the success criteria, and the
level of accessibility, which will be detailed in the results analysis section. This process takes a long
time and is therefore very demanding. Recorded data and analysis are available at Mendeley
(https://data.mendeley.com/datasets/t2tr35ww4c/5) so that the assessment can be replicated [37].

4. Results and Discussion

In this phase, we analyze the results with automatic and manual evaluation tools. Applying
descriptive statistics to the evaluation data with the CCA and PEAT tools, we have that the mean
value is 3.9, the standard error is 0.21; the median is 5.0, the mode is 5.0, the standard deviation is 1.9,
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the variance of the sample is 3.64, the minimum value is 1.0, the maximum is 7.0. Figure 4 shows the
evaluation with the CCA and PEAT tools; we found that 24 serious games meet from 1 to 2.5 in the
evaluated contrast and photosensitivity parameters, 10 serious games meet from 2.5 to 4, the next 30
from 4 to 5.5, and 18 serious games meet of 5.5 to 7 points. From the data in Table 3, we find that the

82 serious games passed the photosensitivity test.

Table 3. Summary of Accessibility Evaluation in Serious Games with the Manual Method.

30

25

(3]

[1,2.5]

Figure 4. Evaluation of serious games with CCA and PEAT.

(2.5, 4]

(4, 5.5]

(5.5, 7]

Guideline Barrier WCAG 1 SuF €©%5  Level Total %
(Principle) Criteria

Go1 Accessible keyboard Operable 211 A 8 1.3
G02 Luminance flash failures Operable 231 A 81 13
G03 Animation from Interactions Operable 233 AAA 27 42
G04 Content hovering over focus Perceivable 1.4.13 AA 6 0.9
G05 Easy to read font Perceivable 111 A 82 13
G06 Text alternatives Perceivable 111 A 1 0.2
G07 Subtitled Perceivable 124 AA 0 0
G08 Automatic transcripts Perceivable 1.2.5 AA 0 0
G09 Sign language Perceivable 1.2.6 AAA 0 0
G10 Information and relationships Perceivable 131 A 0 0
G11 Sensory characteristics Perceivable 1.3.1 A 0 0
G12 Adjust display settings Perceivable 1.3.4 AA 0 0
G13 Interface rearrangement Perceivable 1.3.5 AA 0 0
Gl4 Use of color Perceivable 14.1 A 32 5
G15 Contrast without text Perceivable 1.4.11 AA 2 0.3
G16 Well-spaced elements Perceivable 1.4.12 A 82 13
G17 Good audio techniques Perceivable 142 A 20 3.1
G18 Contrast (Minimum) Perceivable 143 AA 62 9.7
G19 Images as sharp as possible Perceivable 145 AA 2 0.3
G20 Visual presentation Perceivable 148 AAA 12 1.9
G21 Pause, stop, hide Perceivable 222 A 27 4.2
G22 Contrast (Enhanced) Perceivable 1.4.6 AAA 20 3.1
G23 Screen reader support Robust 412 A 0 0
G24 Status messages Robust 413 AA 0 0
G25 Language Understandable 3.1.1 A 82 13
G26 Consistent navigation Understandable 3.2.3 AA 82 13
G27 Labels or instructions Understandable 3.3.2 A 5 0.8
G28 Help Understandable 335 AAA 0 0
G29 On Focus Understandable 321 A 6 0.9
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Table 3 shows a summary of the manual evaluation of 82 serious games; it contains the guideline,
barrier, accessibility principle, success criteria, level, total, and percentage of accessibility evaluation in
serious games with the manual method. The total column shows the value of the guidelines that exceed
the barrier. We found that the 82 serious games compliance the following guidelines: (1) GO5 related to
easy to read font, (2) G16 related to well-spaced elements, (3) G25 related to language, (4) G26 related
to consistent navigation.

Figure 5 shows the percentage of compliance with accessibility principles of the 82 serious games
evaluated. We found that the perceptible principle is fulfilled in 54.4% of the total, the comprehensible
one registers 27.4% of fulfillment, the operable one registers 18.2%, and the robust one registers 0.0%.
We can conclude that in the evaluation of the accessibility of the 82 serious games, the most violated
principle is the robust one.

54.4%

50.0%

40.0%

30.0%

27.4%

20.0%

18.2%

10.0%

0.0%

0.0%
Perceivable Understandable Operable Robust

Figure 5. Successes of the WCAG principles in manual evaluation.

Figure 6 shows the manual evaluation of the accessibility in 82 serious games; we obtained the
following success criteria that overcome the barriers in the manual evaluation: (1) the success criteria
representing 64% of the total are 1.1.1 for easy to read font, 1.4.12 for well-spaced elements, 3.1.1 for
language, 3.2.3 for consistent navigation and 2.3.1 for luminance flash failures; (2) the success criteria
representing 9.7% of the total is 1.4.3 for enhanced contrast; (3) the success criteria representing 5%
of the total is 1.4.1 for the use of color; (4) the success criteria representing 8.4% of the total are 2.3.3
for animation from interactions, and 2.2.2 for pause, stop, hide; (5) the rest of the success criteria
representing 12.8% of the total.

Figure 7 shows the evaluation of accessibility in serious games with the following results:
(1) the guidelines G05, G16, G25, G02, G14, G21, G17, G01, G29, G27, G06, G10, G11, and G23 represent
66.6% of total compliance concerning Level A; (2) G26, G18, G04, G15, G19, G07, G08, G12, G13,
and G24 guidelines represent 24.3% of total compliance for Level AA; (3) G03, G20, G22, G09, and G28
guidelines represent 9.1% of total compliance for Level AAA. For a serious game to have an acceptable
level of accessibility, WCAG 2.1 suggests considering level AA [14].
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Figure 6. Success criteria in manual evaluation that exceed the barriers.
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Figure 7. WCAG levels in manual evaluation that exceed the barriers.
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5. Conclusions and Future Work

During the literature review, we found that there is no solid work focused on accessibility
with WCAG 2.1. Therefore, this work proposes the application of a combined method of evaluating
accessibility in serious games and establishes 29 guidelines based on WCAG. From the case study,
we can conclude that the most neglected accessibility principles are operable and robust; the operable
principle refers to how people interact and have control during interaction with serious games.
On the other hand, “robust” barriers related to related ones can be addressed by including assistive
technology that allows better compatibility with current and future tools.

This combined approach can be replicated for other serious games that include users with different
types of disabilities. To improve accessibility in serious gaming, we propose to include (1) automatic
transcriptions or a bot to transcribe the audio or video to text without human intervention, so that the
user can review the transcriptions while playing; (2) sign language to establish a communication channel
with the social environment, this option is useful for users with hearing disabilities; (3) photosensitivity
control, to configure the excess of light and brightness useful in users with epilepsy problems;
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(4) external devices to allow virtual and augmented reality, for example, with the oculus quest the user
can achieve greater immersion in the learning process; and (5) a contextual help option so that users
can operate without losing sight of what they are doing. The authors can conclude that no serious
games among those selected have reached an acceptable level of accessibility. Therefore, serious game
developers should make significant efforts to improve accessibility.

This study has its limitations because it is a combined method that includes a manual part where
accessibility experts intervene; the evaluation results depend on the experience and ability to evaluate
serious games. From the theoretical point of view, we present a new method to evaluate accessibility
in serious games based on a combined method. On the other hand, in practical terms, this study tries
to wake up and motivate serious game developers to apply WCAG 2.1 guidelines to make serious
games more accessible and inclusive that consider diversity. Additionally, this method can serve as
a reference for future studies related to accessibility in simulations and serious games.

As future work, we suggest (1) testing this method with users with different types of disabilities
and applying the corresponding disability-related guidelines; (2) generating a heuristic accessibility
evaluation focused on serious games, based on the accessibility issues identified in WCAG 2.1;
(3) expanding the serious games database with some applications other than serious games to deepen
the analysis and evaluation, and (4) developing a software application that includes the WCAG 2.1
guidelines to assist in the evaluation of serious games.

Author Contributions: Conceptualization, L.S.-U. and P.A.-V.; methodology, L.S.-U.; investigation, L.S.-U.;
M.G. and P.A.-V.; writing—original draft preparation, L.S.-U. and P.A.-V.; writing—review and editing L.S.-U.,
S.L.-M., M.G. and P.A.-V,; supervision, S.L.-M.; project administration, P.A.-V. and L.S.-U. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Universidad de Las Américas-Ecuador, as part of an internal research
project FGE.PAV.19.11.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Belitski, M.; Heron, K. Expanding entrepreneurship education ecosystems. |. Manag. Dev. 2017, 36, 163-177.
[CrossRef]

2. Martin, F; Betrus, A K. Instructional simulations and games. In Digital Media for Learning; Springer: Cham,
Germany, 2019; pp. 85-110.

3. Cheng, M.T.; Chen, ].H.; Chu, S.J.; Chen, S.Y. The use of serious games in science education: A review of
selected empirical research from 2002 to 2013. J. Comput. Educ. 2015, 2, 353-375. [CrossRef]

4. He, W,; Xu, G.; Kruck, S.E. Online IS education for the 21st century. |. Inf Syst. Educ. 2019, 25, 1.

5. Kazimoglu, C.; Kiernan, M.; Bacon, L.; Mackinnon, L. A serious game for developing computational thinking
and learning introductory computer programming. Proc. Soc. Behav. Sci. 2012, 47, 1991-1999. [CrossRef]

6.  DeFreitas, S.; Liarokapis, F. Serious games: A new paradigm for education? In Serious Games and Edutainment
Applications; Springer: London, UK, 2011; pp. 9-23.

7. Assaf, M.; van Hillegersberg, J.; Spil, T.; Arikat, N. Teachers’ perceptions about using serious games in formal
education in Jordan: Possibilities and limitations. In Proceedings of the Engineering Education Conference,
IEEE, Dubai, United Arab Emirates, 8-11 April 2019; pp. 436—441.

8. Egenfeldt-Nielsen, S.; Heide Smith, J.; Pajares Tosca, S. Serious Games and gamification—When entertainment
is not enough. In Understanding Video Games; Routledge: Abingdon, UK, 2015; pp. 247-280.

9. Larson, K. Serious games and gamification in the corporate training environment: A literature review.
Tech. Trends 2020, 64, 319-328. [CrossRef]

10. World Health Organization (WHO). World Report on Disability. Available online: https://www.who.int/
disabilities/world_report/2011/report/en/ (accessed on 10 May 2020).

11. Meadows, M.L.; Caniglia, ].C. Using PhET simulations in the mathematics classroom. Math Teach 2019, 112,
386-389. [CrossRef]

117



10 Combined Method for Evaluating Accessibility in Serious Games

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

118

Interactive Simulations. PhET: Free Online Physics, Chemistry, Biology, Earth Science and Math Simulations.
Available online: https://phet.colorado.edu/ (accessed on 25 April 2020).

Acosta-Vargas, P.; Salvador-Ullauri, L.; Lujan-Mora, S. A heuristic method to evaluate web accessibility for
users with low vision. IEEE Access 2019, 7, 125634-125648. [CrossRef]

World Wide Web Consortium. Web Content Accessibility Guidelines (WCAG) 2.1. Available online:
https://www.w3.0rg/TR/WCAG21/ (accessed on 7 July 2020).

World Wide Web Consortium (W3C). Web Content Accessibility Guidelines (WCAG) 2.2. Available online:
https://www.w3.org/TR/2020/WD-WCAG22-20200227/ (accessed on 10 May 2020).

Statista. Game-based Learning Market Revenue Worldwide in 2018 and 2024. Available online: https://www.
statista.com/statistics/733616/game-based-learning-industry-revenue-world/ (accessed on 10 May 2020).
Ainslie, K.E.; Walters, C.E.; Fu, H.; Bhatia, S.; Wang, H.; Xi, X.; Cattarino, L. Evidence of initial success for
China exiting COVID-19 social distancing policy after achieving containment. Wellcome Open Res. 2020, 5, 81.
[CrossRef] [PubMed]

Schell, J. The Art of Game Design: A Book of Lenses; CRC Press: Boka Raton, FL, USA, 2019.

Abt, C. Serious Games; University Press of America: Millburn, NJ, USA, 1987; p. 196.

Loépez, ].M.; Medina, N.M.; de Lope, R.P. Interaction in video games for people with impaired visual function:
Improving accessibility. In Proceedings of the International Conference on Human Computer Interaction,
ACM, Salamanca, Spain, 13-16 September 2016; pp. 1-2.

Jaramillo-Alcazar, A.; Lujan-Mora, S.; Salvador-Ullauri, L. Accessibility assessment of mobile serious games
for people with cognitive impairments. In Proceedings of the International Conference on Information
Systems and Computer Science, IEEE, Quito, Ecuador, 23-25 November 2017; pp. 323-328.
Salvador-Ullauri, L.; Acosta-Vargas, P.; Lujan-Mora, S. Accessibility Evaluation of Video Games for Users with
Cognitive Disabilities; Springer: Cham, Germany, 2020; pp. 853-859.

World Wide Web Consortium (W3C). Web Content Accessibility Guidelines (WCAG) 2.0. Available online:
https://www.w3.0org/TR/WCAG20/ (accessed on 3 August 2020).

Park, H.J.; Kim, S.B. Guidelines of serious game accessibility for the disabled. In Proceedings of the
International Conference on Information Science and Applications, IEEE, Suwon, South Korea, 24-26 June
2013; pp. 1-3.

Aratjo, M.C.; Faganha, A.R; Darin, T.G.; Sanchez, ].; Andrade, R.M.; Viana, W. Mobile Audio Games Accessibility
Evaluation for Users Who are Blind; Springer: Cham, Germany, 2017; pp. 242-259.

Cairns, P.; Power, C.; Barlet, M.; Haynes, G. Future design of accessibility in games: A design vocabulary.
Int. |. Hum. Comput. Stud. 2019, 131, 64-71. [CrossRef]

Waki, A.L.; Fujiyoshi, G.S.; Almeida, L.D. Games Accessibility for Deaf People: Evaluating Integrated Guidelines;
Springer: Cham, Germany, 2015; pp. 493-504.

Westin, T.; Ku, J.J.; Dupire, J.; Hamilton, I. Game Accessibility Guidelines and WCAG 2.0-A Gap Analysis;
Springer: Cham, Germany, 2018; pp. 270-279.

Wilson, A.; Crabb, M. W3C Accessibility guidelines for mobile games. Comput. Games . 2018, 7, 49-61.
Spyridonis, F.; Daylamani-Zad, D. A serious game to improve engagement with web accessibility guidelines.
Behav. Inf. Technol. 2020, 1-19. [CrossRef]

Moreno, L.; Valencia, X.; Pérez, J.; Arrue, M. Exploring the Web navigation strategies of people with low
vision. In Proceedings of the International Conference on Human Computer Interaction, ACM, Palma, Spain,
12-14 September 2018; p. 13.

World Health Organization (WHO). Blindness and Vision Impairment. Available online: https://www.who.
int/news-room/fact-sheets/detail/blindness-and-visual-impairment (accessed on 3 September 2020).
Bourne, R.R.; Flaxman, S.R.; Braithwaite, T.; Cicinelli, M.V.; das, A.; Jonas, ].B.; Naidoo, K. Magnitude,
temporal trends, and projections of the global prevalence of blindness and distance and near vision
impairment: A systematic review and meta-analysis. Lancet. Glob. Heal. 2019, 5, e888-e897. Available online:
https://linkinghub.elsevier.com/retrieve/pii/S2214109X17302930 (accessed on 26 January 2019). [CrossRef]
Brajnik, G. Beyond Conformance: The Role of Accessibility Evaluation Methods; Springer: Berlin, Germany, 2008;
pp. 63-80.



35. The Paciello Group. Colour Contrast Analyser. Available online: https://developer.paciellogroup.com/
resources/contrastanalyser/ (accessed on 20 June 2020).

36. University of Maryland. Photosensitive Epilepsy Analysis Tool. Available online: https://trace.umd.edu/peat
(accessed on 20 June 2020).

37. Acosta-Vargas, P; Salvador-Ullauri, L. Dataset Evaluation in Serious Games. Mendeley Data. Available
online: https://data.mendeley.com/datasets/t2tr35ww4c/5 (accessed on 3 September 2020).

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

119



Universitat d’Alacant
Universidad de Alicante



11 Web-Based Serious Games and
Accessibility: A Systematic
Literature Review

Referencia:
Salvador-Ullauri L., Acosta-Vargas P., and Lujan-Mora S. (2020). Web-Based Serious

Games and Accessibility: A Systematic Literature Review. Applied Sciences, 10(21),
7859; 125634-125648 (Salvador-Ullauri, Acosta-Vargas, y Lujan-Mora, 2020)

Disponible en:
= https://www.mdpi.com/2076-3417/10/21/7859

» https://doi.org/10.3390/app10217859

Temas a los que aporta:

1. Caracterizacion de los problemas de accesibilidad web en los juegos serios educa-
tivos.

2. Recopilacion del estado de la cuestion en juegos serios basados en la Web y
accesibilidad.

3. Identificacion de la accesibiidad en juegos serios con los tipos de discapacidad.

121


https://www.mdpi.com/2076-3417/10/21/7859
https://doi.org/10.3390/app10217859

Universitat d’Alacant
Universidad de Alicante



Review

Web-Based Serious Games and Accessibility:
A Systematic Literature Review

Luis Salvador-Ullauri !, Patricia Acosta-Vargas 2* and Sergio Lujan-Mora !

1 Department of Software and Computing Systems, University of Alicante, 03690 Alicante, Spain;

lasul@alu.ua.es (L.S.-U.); sergio.lujan@ua.es (S.L.-M.)
Intelligent and Interactive Systems Laboratory, Universidad de Las Américas, Quito 170125, Ecuador
*  Correspondence: patricia.acosta@udla.edu.ec

check for
Received: 11 September 2020; Accepted: 23 October 2020; Published: 6 November 2020 updates

Abstract: Nowadays, serious games, called training or learning games, have been incorporated
into teaching and learning processes. Due to the increase of their use, the need to guarantee their
accessibility arises in order to include people with disabilities in the educational environments in
an integral way. There are reviews of the literature on video games but not on web-based serious
games. Serious games are different from the previous ones because their educational processes
allow reinforcing learning. This literature review was conducted using the recommendations for
systematic reviews proposed by Kitchenham and Petersen. Three independent reviewers searched
the ACM Digital Library, IEEE Xplore, Scopus, and Web of Science databases for the most relevant
articles published between 2000 and 2020. Review selection and extraction were made using an
interactive team approach. We applied the study selection process’s flowchart adapted from the
PRISMA statement to filter in three stages. This systematic literature review provides researchers
and practitioners with the current state of web-based serious games and accessibility, considering
cognitive, motor, and sensory disabilities.

Keywords: accessibility; games; literature; review; serious; systematic; Web Content Accessibility
Guideline 2.1

1. Introduction

The Web has changed the way people communicate and relate to each other. Technology has
generated a continuous impact on society and individuals’ behavior. The increasing access to the Web
and the variety of devices that allow us to interact with it have made it possible for students to choose
the tools and services that best suit their needs, and thus to personalize the learning experience [1].

Figure 1 shows the Google Trends search related to web applications, serious games, and mobile
applications made on the Web in the last five years. We found that the term serious games and web
applications began to intensify from 2019.

Serious games are “games that do not have entertainment, enjoyment, or fun as their main
objective” (p. 21, [3]). The main objectives of serious games can be, among others, education, training,
human resources management, and health improvement [4]. Web-based serious games constitute an
area growing thanks to the improvement of browsers and technologies used on the Web [1], which have
reduced the gap between desktop and web applications.

According to Statista [5], the game-based learning market revenue worldwide between 2018 and
2024 indicates the serious games market is expected to grow from 3.5 billion U.S. dollars to 24 billion in
2024. The trend of serious web-based games has several benefits: (1) Reinforce learning in educational
processes virtually and at a distance [1]. (2) Use the applications without the need to download, install,
and configure. (3) Interact with the applications at any time and space. (4) Update the application
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automatically with the latest version. (5) Use the applications with fewer technical problems due to
software or hardware conflicts with other applications.

Worldwide Past 5 years ¥ Jobs & Education « Web Search ¥

® web applications . ® serious games . mobile applications .
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Figure 1. Trend of web-based serious games [2].

Nowadays, there are many web-based serious games, but developers are not usually worried
about making them accessible. The accessibility [6] aims to ensure that applications can be used by the
maximum number of people, regardless of their abilities and regardless of the technical characteristics
of the equipment used to access the application. According to the Web Content Accessibility Guidelines
(WCAG) 2.1, some guidelines help validate web pages, applications including serious games, making
them more accessible to everyone, including people with disabilities.

This study compares articles related to accessibility in serious web-based games. In this research, we
present a systematic literature review (SLR) [7,8] that allows examining serious games’ accessibility. We
start from the following research question: What accessibility evaluation standards have been used by
developers to create serious web-based games? This study defines the query strings that allow finding
the most significant research related to accessibility in serious games [9]. To determine the query string,
we apply the structure in terms of population, intervention, comparison, and outcome (PICO) [10].

This SLR allowed us to (1) outline the issues relevant to serious web-based gaming and accessibility
studies; (2) identify how accessibility is involved in serious gaming; (3) determine accessibility guidelines
based on the WCAG, and (4) identify the assistive technologies and devices used to achieve accessibility
in serious gaming according to disability. After an extraction process of 476 studies, a collection
of 47 primary studies was selected using the Preferred Reporting Elements for Systematic Reviews
(PRISMA) [11,12], the flowchart in the selection process.

This article is organized as follows. Section 2 introduces readers to the topic of accessibility
and serious games. Section 3 describes the research method used for the systematic review of the
literature. Section 4 includes the bibliometric analysis results and the literature review. Section 5 presents
discussions of the results, along with limitations for research. Finally, Section 6 presents conclusions
and future research work.

2. Background and Motivation

The formal description given by [13] indicates that “serious games” have an explicit and carefully
thought out educational purpose and are not intended to be played primarily for fun [14]. Serious games
are educational or training games [14], while video games [15] provide a cultural outlet where more
players can be included and interacted to perform activities between different users.

This study identified video game SRL publications but not on serious games, so we justify this
study’s need to: (1) identify information on the most relevant research on web-based serious games
and accessibility; (2) identify accessibility guidelines that apply to web-based serious games; (3) detect
the different approaches to web-based serious games for cognitive, motor, and sensory disabilities; (4)
identify the WCAG-based accessibility guidelines applied to serious games to determine trends and gaps
in serious games development; (5) identify authors conducting accessibility studies on serious games.
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Accessibility in serious games [16] aims to ensure that serious games can be used by the maximum
number of people to access serious games. The authors suggest applying the four principles of WCAG 2.1.

Several studies [9,17] show a lack of commitment by designers to implement accessibility. For this
reason, there is a low percentage of accessible serious games. Currently, serious games have been
incorporated into the teaching-learning processes. Therefore, it is essential to guarantee accessibility [18]
so that the largest number of people can use them.

The authors [19] present an analysis of the accessibility guidelines for the development of
videogames; the study is oriented to cognitive disabilities. It also proposes categorizing the guidelines
that should be used to analyze a video game’s accessibility, especially serious games. The authors
present an evaluation tool for the development of serious games for mobile devices.

Following the article, the authors [20] indicate that it is a great challenge to implement serious
games to support the learning processes of people with cognitive disabilities. The authors evaluated
ten serious video games using the design principles established by WCAG 2.0 [21]. The results revealed
that applications do not reach an adequate level of accessibility to be used by people with cognitive
problems. However, they do meet some of the accessibility requirements.

3. Method Applied for Systematic Literature Review

This SRL [7,8] began defining a review protocol, the research question, and the methods. In this
SLR, we apply the PRISMA Statement, which consists of a list of 27 elements and a four-phase flow
diagram. The PRISMA method is frequently used in health issues [22]; this method was adapted to
identify studies related to accessibility and serious games. We attached a checklist (Appendix A);
in PRISMA Checklist, we record the page number or pages in which compliance or non-compliance
with the 27 items detailed in the seven sections can be evidenced: (1) Title, (2) Summary, (3) Introduction,
(4) Methods, (5) Results, (6) Discussion, and (7) Funding.

Figure 2 shows the review process consisting of five phases: (1) definition of the research questions
to review the scope; (2) search strategy to obtain all documents; (3) screening of the documents to
extract the most relevant documents; (4) keywording using abstracts for the classification scheme,
and (5) data extraction and revision process to obtain the results of the systematic review.

°Research question °Search Strategy o s;;zz:::g: °Review Abstracts °Data Extraction
e § Bx] '
o Y

LRI All Documents Relevant Documents Classification Literature review
the review Scheme

Figure 2. Review process.
3.1. Research Objectives and Questions

This study’s first objective is to present information about the most relevant research on published
web-based serious games and accessibility. This SLR contains a series of articles from the digital libraries
and details the authors, the year of publication, and the Scimago Journal Rank (SJR) impact factor.

The second objective is to detect the different approaches to serious web-based games for cognitive,
motor, and sensory disabilities.

The third objective is to identify the WCAG-based accessibility guidelines applied to serious
gaming to determine trends and gaps in serious game development.
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The research questions were raised because serious games have been extensively incorporated
into the teaching-learning processes [23,24]. Due to the increase in their use, the need arises to fully
guarantee their accessibility to people with disabilities in educational environments.

Our study examines the results of existing primary studies published on accessibility and serious
games to identify current trends and open issues in the domain: our research questions and each
question’s purpose.

RQ1. Are the web-based serious games being developed today accessible? To investigate the
accessibility of web-based serious games that have been developed from 2000 to the present.

RQ2. What are the proposals to increase accessibility by disability in web-based serious games?
To identify the accessibility proposals by the disability that are applied in web-based serious games.

RQ3. What are the accessibility solutions by disability for web-based serious games? To identify
existing by disability solutions that are used to achieve accessibility in web-based serious games.

RQ4. What methods are applied in the design of web-based serious games? To classify the methods
applied in the design of web-based serious games by disability.

RQ5. What kind of research and contributions are used in web-based serious games and accessibility?
To identify the types of research and contribution used in web-based serious games and accessibility
considering the disability.

3.2. Search Strategy

Primary studies were identified by a query string derived from the research questions. Based on
the research questions in Table 1, PICO was implemented as follows:

e  Population: published studies.

e Intervention: accessibility, web-based serious games.

e  Comparison: selected studies by disability, accessibility standard-based, type of research, assistive
technologies, and use of external devices.

e  Outcome: published studies on accessibility and web-based serious games.

Built on PICO, we created the query string, as presented in Table 2. The search was conducted on 6
June 2020, and the authors selected four academic research databases used in engineering to retrieve
primary information: (1) ACM Digital Library; (2) IEEE Xplore; (3) Scopus, and (4) Web of Science
(WOS). The query strings for each chosen source were defined from the search terms connected by
Boolean AND/OR operators. Additionally, the asterisk (*) wildcard was used to include both the singular
and plural form of each term. Table 1 shows the selected database, the query string, and the number
of studies extracted. The query string was applied to the title of the publication with the keywords:
“serious”, “game*”, and “accessi*”. Similar search syntax was applied across the four selected sources
for consistency; the period under review included studies published between 2000 and 2020. We used

equivalent strings that seek to locate the same articles, but each database has its specific syntax.
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3.3. Screening of Documents

Based on the guidelines of the literature review [7], the application of the inclusion and exclusion
criteria is essential to filter the results. The inclusion and exclusion criteria aim to obtain relevant
primary studies to answer the defined research questions. Selection discrepancies were resolved by
consensus between the authors.

Inclusion criteria: The primary study must be related to (1) the type of publication in journals,
conferences, books, and book chapters on accessibility in web-based serious games published from
2000 to 2020; (2) primary peer-reviewed studies; (3) written in English language.

Exclusion criteria: The primary study: (1) summarizes a keynote, a workshop introduction, or only
an abstract; (2) duplicate articles from the same study from different sources.

In this phase, to describe the process, we apply PRISMA [11,12,25], as shown in Figure 2. PRISMA
applies to all types of systematic reviews and is not limited to clinical trials. PRISMA has been
conceived as a tool to help improve clarity and transparency in systematic reviews. The search and
selection process is placed on a flow chart; the process phases serve as a literature reviewer’s guide.
This process includes: (1) the databases consulted, indicating the number of documents obtained from
each of them; (2) the number of documents that are duplicates; (3) the number of papers eliminated in
each stage of the process and the reasons for elimination, and (4) the number of documents included in
the study. Figure 3 shows the PRISMA flow diagram with the four phases of the selection process of
the articles, which are described below:

Records identified through Additional records
database searching: ACM (92), identified through other
IEEE (25), Scopus (190), WOS sources

(169), (=0)
(n = 476)

Y Y

[ Screening ] {Identiﬁcation]

Records after duplicates removed
(n =275), excluded (201)
Records screened Records exclnded: other issues than
(n =275) > accessibility, language other than
English, review, summary
(n =228)
Yy
Ea
E Full-text articles assessed Full-text articles excluded:
iy for eligibility »> (n=0)
5 (n=47)
-
A 4
E Studies included in quantitative
"g synthesis
= (n=47)
=
L]

Figure 3. PRISMA flow diagram.

Phase 1: Identification. Here, we include the records obtained from database searches: ACM with
92 documents, IEEE Xplore with 25 articles, Scopus with 190 articles, and WOS with 169, a total of 476
articles were extracted.
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Phase 2: Screening. Here, we apply the inclusion and exclusion criteria. Of the 476 articles,
201 articles were excluded because they were duplicated in different databases, 275 articles were
included. Then, in the following filter, we excluded studies written in a language other than English,
review studies, abstracts, workshops, and studies on topics other than accessibility in serious games;
we excluded a total of 228 studies; finally, a total of 47 reviews passed to the next phase.

Phase 3: Eligibility. Three authors conducted an in-depth review of the full text of the 47 articles
that focused explicitly on primary studies on accessibility and web-based serious games; we did not
exclude any full-text articles. Furthermore, we evaluate the quality of the research articles that respond
to accessibility in serious games; we apply a “quality assessment” of the selected articles. The purpose
of this quality assessment (QA) is to weigh the importance of each of the papers chosen when the
results are discussed and to guide the interpretation of findings [8]. Each QA obtains a score of one
for the fulfillment of each clause (1) Is web-based serious games accessibility detailed in the paper?
(2) Is the method of evaluating the accessibility of web-based games specified in the article? (3) Does the
article discuss the accessibility assessment results in serious web-based games? (4) Are the accessibility
issues of the web-based serious games described? (5) Is the journal where the paper was published
indexed in SCImago Journal Rank (SJR)? Table 2 presents a checklist of quality evaluation.

Phase 4: Included. We recorded 47 articles full-text articles in the quantitative synthesis. Figure 3
shows that we have not added any additional records.

3.4. Keywording and Classification

For keywording and classification, we apply the concepts: (1) Classification scheme, which consists
of a process of reading abstracts, searching for keywords and concepts that reflect the contribution of
the primary study to ensure that the desired results are covered in the literature review, providing in the
introduction a set of categories representing the study population. (2) Keywords that are used to apply
the classification scheme in the literature review system. We consider abstract reading, keyword search,
and context-related study objective. (3) The technique that allows for the classification of relevant
articles for actual data extraction. In this phase, we use the keywords to group and form categories.
The categories have been grouped. We review all the selected documents. After reading them, we update
the categories or create a new category if the document reveals something. The keywords grouped by
category, and the frequency are Key1 = Accessibility, Accessibility assessment, Accessibility, Design with
a frequency of 37. Key2 = Assistive technology with 3. Key3 = Computer, aided, instruction with 10.
Key4 = Disability with 5. Key5 = Games, Game, serious games, videogames with 44. Key6 = Guidelines,
Accessibility guidelines with 14. Key7 = Human factors, Systems interaction with 5. Key8 = People
disabilities with 25. Key9 = Visually impaired with 13. Key10 = Web with a frequency of 6.

3.5. Data Extraction

Data extraction was iterative; it was divided into several stages in which different activities
were carried out. To extract the information from the ACM Digital Library, we exported it to BibTeX
(BIB) format. In contrast, the IEEE Xplore, Scopus, and WOS information were exported in Research
Information Systems (RIS) format. We then imported the data from the four files to the StartLapes tool
version 2.3.4.2 [25], which automatically eliminates duplicate studies. We applied the process detailed
in the PRISMA flowchart. Finally, we imported the data into a Microsoft Excel spreadsheet to continue
the analysis. Table 3 presents the 47 primary studies selected, ordered by the most current year of
publication. It contains the article number, the assigned indicator (it was created with the first letters of
the surnames of the first two authors and the year of publication), the title of the article, the first author
with the reference, and the year of publication.

In this phase, we apply the quality evaluation to the selected papers. Table 4 presents a list of the
chosen works, together with the results of the quality control. Furthermore, a standardization column
has been created to use a standard scale from 0 to 1.
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Normalization [68] was used, which preserves the relationship between the original data values.
The values in this column are transformed using the following Equation (1):

Score — min(Score)

Normalization = 1)

[max(Score) — min(Score)]

where the min(Score) is equal to 0, the max(Score) is equal to 5, and the Score is the value calculated in
Table 4.

4. Results

In this section, we answer the research questions by:

(1) A bibliometric analysis to collect information about the authors and publication data of research
growth over time, journals, conferences, books, and book chapters published on serious games
and accessibility.

(2) A literature review to map the studies according to serious games’ concepts and the five
research questions.

4.1. Bibliometric Analysis

This analysis aims to respond to RQ1; Figure 4 shows the evolution of scientific production,
presenting the number of documents each year. The years of most scientific output in accessibility
in the serious games are 2018 and 2019. We found eight papers for 2019, which corresponds to 17%,
seven documents for 2018, which corresponds to 14.9%. In 2017, we found six articles, corresponding
to 12.8%. In 2020, we found five documents, which corresponds to 10.6%. It is expected that this
number tends to increase because it was done until July 2020. In 2006, 2013, and 2014, there were three
documents each year that add up to 19.1%. In 2008, 2015, and 2016, there were two items each year
that add up to 12.8%. Finally, in 2003, 2007, 2009, 2010, 2011, and 2012, one document added up to
12.8% each year. The annual growth rate of the published articles follows the polynomial Equation (2).

y =0.0216x2 — 0.1639x + 0.6421 )

Figure 5 presents 35 conference studies representing 74.5% of the total and 12 journal articles
representing 25.5%. In this review of the literature, the most significant number of studies found are
concentrated in conferences. The largest number of documents are indexed in Scopus.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

y =0.0216x? - 0.1639x + 0.6421
a R?=0.7434

Figure 4. Documents published from 2000 to 2020.
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Figure 5. Documents by type.
4.2. Review of the Literature to Map the Studies

In this section, we presented a classification scheme using keywords; we performed the following;:
(1) we read the abstracts of the 47 primary studies selected and searched for keywords;(2) we read the
introduction and conclusion sections of each of the primary studies chosen to elaborate the classification
scheme; (3) we presented the classification in five aspects that were defined as follows: (1) The disability
accessibility guidelines which aim to provide a standard of easy access to serious games that meets
people’s needs. (2) The applied solutions that involve the methods used to make serious games
accessible. (3) The disability accessibility guidelines that provide input for serious play. (4) The types
of disability contributions [5] include the formal study, method, system, or experience, and (5) The type
of research that includes validation, solution, evaluation, feedback, and experience [7].

Then, we present and discuss the answers to the research questions in this study; the dataset and
analysis are available for replication in the Mendeley repository [69].

4.2.1. RQ1. Are the Serious Games Being Developed Today Accessible?

In this research, we have selected the primary studies that apply accessibility to serious games.
The web has numerous limitations, but if the design is considered accessible to all people, including
people with some type of disability, the application will be more accessible and inclusive for many users.

Table 5 presents the primary studies that use accessibility by type of disability. In the review of
the documents, we applied the following definitions:

e Cognitive or intellectual disability is a problem characterized by a delay in mental development
that disrupts the learning process.

e  Motor coordination, or physical disability, is a problem related to significant impairment of one or
more parts of the body’s movement abilities.

e Sensory: this type of disability is related to (1) vision, which includes users with low vision and
deafness; (2) hearing disability, which provides deafness and hearing loss.

Table 5 shows the accessibility related to the type of disability. We found 33 primary studies
on sensory disability that represent 72% of the total, then 11 studies apply accessibility for cognitive
disability with 22%. Finally, three studies on motor coordination that correspond to 6% of the total.

135



11 Web-Based Serious Games and Accessibility: A Systematic Literature Review

Table 5. Studies by disability.

Type of Disability ID
Cognitive (11 studies) CL03, CM19, HS16, JL18a, LP17a, MD19, OMO06, SA20a, SA20b, WW13, YC18
Motor coordination (3 studies) K020, DF19, SD19

JL17,]G18, RS20, SD20, KT19, OZ19, CP19a, CP19b, KK18, JL18b, WK18,
WC18, §J17, LP17b, PC17, AF17, LM16, DZ15, WF15, Pol4, MB14, TS14, PK13,
Gal3, MM12, TV11, OM10, GS09, MH08, MOO08, MP07, GS06, OA06

Sensory: visually impaired,
hearing (33 studies)

4.2.2. RQ2. What Are the Proposals to Increase Accessibility in Serious Games?

Table 6 presents the proposals to increase accessibility by type of disability; in the review of the
documents, we applied the following definitions:

e  WCAG 2.0: includes the primary studies that applied the Web Content Accessibility Guidelines
with version 2.0 to increase serious games accessibility.

e  WCAG 2.1: includes the primary studies that applied the Web Content Accessibility Guidelines
with version 2.1 to increase serious games accessibility. WCAG 2.1 is the most advanced and
accepted mechanism for creating accessible content, and it is not limited exclusively to web
content [70].

e  Other guidelines contain the primary studies that help increase accessibility in serious games by
applying guidelines without specifying the standard.

e  External devices: contains the primary studies that help to increase accessibility use some form of
support appropriate to the motor, cognitive, and sensory characteristics of people who find it easy
to access serious play, including the use of assistive technology.

We found: (1) 24 studies that refer to the guidelines for achieving accessibility in serious games
but do not specify a standard, representing 51.1% of the total; (2) 14 studies that indicate external
devices” application to achieve a higher level of accessibility in serious games, representing 29.8%;
(3) seven studies that focused on the guidelines suggested by WCAG 2.0, representing 14.9%; (4) two
studies focused on WCAG 2.1, representing 4.3% of the total.

Table 6. Guidelines by disability.

Guidelines Cognitive Motor Coordination Sensory (Visually Impaired, Hearing)
WCAG 2.0 (7 studies) SA20a. SD20, CP19a, WK18, AF17, WF15, PK13.
WCAG 2.1 (2 studies) SA20b. WC18.

Other suideli CL03, CM19, JG18, RS20, KT19, 0Z19, CP19b, KK18, PC17,

24 etr %1‘.” )e mnes LP17a, MD19, K020, DF19,SD19.  DZ15, MB14, MM12, TV11, GS09, MHO08, MP07,
studies OMO6. GS06, OA06.

External devices HS16, JL18a, JL17, JL18b, SJ17, LP17b, LM16, Pol4, TS14,

(14 studies) WW13, YC18. Gal3, OM10, MOOS.

4.2.3. RQ3. What Are the Accessibility Solutions Proposed for Serious Games?

Table 7 presents seven accessibility solutions for serious games by disability; it contains the type
of solution applied and references; in the review of the documents, we used the following definitions:

e  Accessibility guidelines: contains the primary studies that give solutions to accessibility problems
by applying some norm or standard.

e  Accessibility requirements: includes primary studies that provide solutions to accessibility
problems by suggesting examining the state of serious games.

e  Apply assistive technologies contains studies in which they apply assistive technology to achieve
accessibility in serious games.
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e Apply the concept of parallel game: has primary studies in which they give accessibility solutions
by applying the parallel game, parallel universes, or alternative realities that improve the
experience by taking the player out of the reality they are used to, and helps them improve
their concentration.

e  Apply external devices: contain studies of adaptation of external devices to provide accessibility
solutions for serious games.

e Companies games: include primary studies where accessibility depends on the company’s
standards that develop serious games.

e  Creative design: contains studies where applying innovative design addresses some of the accessibility
issues.

The solution by type of disability has: (1) 22 studies and corresponds to 46.8% of the total consists
of accessibility guidelines; (2) external devices apply with 14 primary reviews, corresponding to
29.8% of the total; (3) the solution proposed consists of accessibility requirements, with four studies
representing 8.5%; (4) the proposal to apply creative design, with three primary studies, represents 6.4%;
(5) the solution consists of applying the concept of the parallel game with two studies, representing
4.3%. (6) the proposal indicates the application of assistive technologies, has one study, corresponding
to 2.1%; (7) the solution that shows to interact with companies games, with one review, representing
2.1% of the total.

Table 7. The solution to accessibility by type of disability.

Solution Cognitive Motor Coordination Sensory (Visually Impaired, Hearing)
Accessibili idelines SA20a, SA20Db, JG18, KT19, CP19b, WK18, WC18, PC17,
22 studies)w gu MD19, LP17a, DF19, SD19. DZ15, WF15, MB14, PK13, MM12, TV11,
CL03. MHO08, MP07, OA06.
Accessibility requirements
(4 studiies) CM19 0Z19, CP19a, AF17.
Apply assistive technologies OMO06
(1 study)
Apply the concept of Parallel Game
(2 studies) GS09, GS06.
Apply external devices JL18a, YC18, JL17,]JL18b, SJ17, LP17b, LM16, Po14, TS14,
(14 studies) HS16, WW13. Gal3, OM10, MOO08.
Companies Games
(1 study) Ve
Creative design RS20, SD20, KK18
(3 studies) ’ ’ ’

4.2.4. RQ4. What Methods Are Applied in the Design of Serious Games?

Table 8 presents a summary of the methods by disability applied in the design of serious games
with the references of the selected studies; in the review of the documents, we used the following
definitions:

e  Qualitative: The qualitative method is inductive and follows a flexible design, and records are
made through narration, participant observation, and unstructured interviews. This method is
manifested in the facts, processes, observations, case studies, interviews, analysis, and opinions of
the authors are very subjective because there is no measurement of the elements. This method
includes small-scale studies, emphasizes the validity of research through proximity to empirical
reality, and does not usually test theories or hypotheses. The basis of this method is intuition; in
general, it does not allow statistical analysis.

e  Quantitative: The quantitative method produces numerical data, which allows the data to be
collected and analyzed. In this method, objectivity is the way to reach knowledge; it uses specific
and controlled measurements, looking for certainty. It includes descriptive studies under the
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objective conception through a deductive strategy. This method contains studies that apply mixed
methods and surveys for data collection.

Table 8 contains 41 studies that apply the qualitative method, representing 87.2%, and six studies
use the quantitative approach, corresponding to 12.8% of the total. Figure 6 presents a classification of the
studies by the method applied. The qualitative studies include (1) two analytical studies, corresponding
to 4.3% of the total; (2) four case studies, representing 8.5%; (3) one interview corresponds to 2.1%;
(4) 28 observation studies, corresponding to 59.6% of the total, are the most significant number of
studies in this literature review; (5) three opinion studies compared to 6.4%. Quantitative studies
include (1) two studies applying mixed methods represent 4.3% and (2) seven studies based on surveys,
corresponding to 14.9% of the total.

Table 8. Methods applied to the design of serious games by disability.

Method Cognitive Motor Coordination Sensory (Visually Impaired, Hearing)
JL17, JG18, RS20, KT19, CP19a, KK18, JL18b,
Oualitati OMO06, SA20b, CM19, WC18, SJ17, LP17b, PC17, AF17, LM16,
uautative MD19, JL18a, YC18,  KO20,DF19,SD19.  DZ15, WF15, Pol4, MB14, TS14, PK13,

(41 studies) LP17a, WW13, CLO3. Gal3, MM12, TV11, OM10, GS09, MHOS,

MO08, MP07, GS06, OA06.

Quantitative ¢, 11514 SD20, 0Z19, CP19b, WKIS.
(6 studies)
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Figure 6. Methods and techniques applied in the design of serious games.
4.2.5. RQ5. What Kind of Research and Contribution Are Used in Accessibility in Serious Games?

To answer this question, we reviewed the documents by type of research by disability, as shown
in Table 9. In the review of the papers, we applied the following definitions [7]:

e  Evaluation research: provides the implemented solution, and investigates a practical problem,
applies math test, survey, case study, field experiment to validate knowledge affirmation.

e  Experience: contains case studies, projects, or reports on experiences, provides lessons learned.

e  Opinion paper: provides the author’s opinion on how something should be done.

e  Solution proposal: offers a novel technique, or at least a relevant improvement.

e Validation research: presents researched techniques that have not yet been implemented in
practice and are novel. It is methodologically sound and comprehensive, including experiments,
prototyping, property testing, and simulation.

We found (1) 37 studies that apply “Experience”, representing 78.7% of the total. (2) Five studies
involve “Opinion paper” with 10.6%. (3) Two studies use “Evaluation research” corresponding to 4.3%.
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(4) Two studies use “Validation research” with 4.3%. (5) One study applies a “Solution proposal” that
represents 2.1% of the total. In this study, we conducted a systematic review of the literature with
the following: (1) The question most answered corresponds to RQ1 with 47 studies, representing 28%.
(2) The question RQ4, with 38 studies, represents 22.6%. (3) Question RQ5 has 37 studies, corresponding
to 22%. (4) Questions RQ2 and RQ3 have 23 studies each, accounting for 27.4% of the total.

Table 9. Studies according to the type of research by disability.

Research Type Cognitive Motor Coordination Sensory (Visually Impaired, Hearing)
Evaluation research
(2 studies) CP19b, WK18.
JL17,]G18, RS20, SD20, KT19, OZ19, CP19a,
Experience Ol\i[\g)léé Sﬁ?g:’ 5(1;?189, DF19. SD19 KK18, JL18b, WC18, SJ17, LP17b, PC17, AF17,
(37 studies) LP17a ,WW13: CLO?; ! ' LM16, DZ15, WF15, Po14, MB14, TS14, PK13,
’ ’ ’ TV11, OM10, GS09, MP07, GS06.
Opinion paper Gal3, MM12, MHO8, MO08, OA06.
(5 studies)
Solution proposal
(1 study) SA20a.
Validation research
(2 studies) HSI1e6. KO20.

Figure 7 shows (1) The question that contributes most to this study are RQ1, RQ2, and RQ3.
(2) The type of research that contributes the most to this study is the experience, which contributes
to the five research questions, corresponding to 27.8% of the total. (3) Evaluation research, solution
proposal, and validation research contribute to RQ1, RQ2, and RQ?3, representing 50%. (4) Opinion
paper contributes to questions RQ1, RQ2, RQ3, and RQ4, corresponding to 22.2% of the total.

Evaluati Soluti Validat
RQ vatuation Experience Opinion Paper otution aton

Research

Proposal Research
RO1
RQ2
RQ3
RQ4
RQ5

- No

Figure 7. Contribution of research questions to the study.

Figure 8 shows: (1) A summary of the ten most frequently repeated keywords in the primary
studies examined. The most repeated keyword is “game and serious games” with 27.2%, followed by
“accessibility” corresponding 22.8%, “people disabilities” representing 15.4%, “guidelines” with 8.6%,
“visually impaired” reaching 8%, and the rest representing 17.9%. (2) A summary of the answers to the
questions posed in this research, and we found 17 studies that respond to the five questions and are
AF17,CP19a, JL18a, JL18b, JL17, LP17b, LM16, OM10, PK13, Po14, KO20, SJ17, TS14, WF15, WW13,
WC18, YC18.
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Figure 8. Primary studies answered keywords and research questions.

5. Discussion

In this study, we conducted a systematic review of the literature with five research questions. Excel

spreadsheets can be downloaded from the Mendeley repository [69]. In this section, we summarize the
main findings.

)

@

®)
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The current accessibility situation shows that few developers apply it to serious games that
consider disabilities. This literature review found that 72% of the primary studies selected are
related to visual and hearing impairment accessibility. On the other hand, 22% of studies apply
accessibility guidelines to solve some cognitive and learning problems. Few studies, about 6%,
are concerned with using accessibility to serious games for motor disabilities.

This study’s statistics related to proposals to increase accessibility by type of disability in serious
games reveal that 70.2% apply the accessibility guidelines. However, no guidelines are specified; we
found studies that use their guidelines or modifications based on the International Game Developers
Association (IGDA) [71] ideas on games’ accessibility. Others apply the GA-SIG guidelines to create
something like the WCAG [6]. We also find studies that involve the IBM [72] and Section 508 [73]
guidelines. Of the selected primary studies, 14.9% use the WCAG 2.0, and 4.3% apply the WCAG
2.1. They apply the GA-SIG guidelines to create something like the W3C/WAI [74].

The solutions to increase accessibility in serious games considering disability are few; we found that
2.1% of assistive technologies are applied, especially for cognitive disabilities. Moreover, 29.8% use
external devices to make games more accessible, especially for motor and sensory disabilities.
According to the studies found, we can conclude no inclusive development culture in software
development companies.

The methods applied to the design of serious disability games show that 87.2% of the primary
studies selected use the qualitative approach, relying on observation to collect non-numerical data
through focus groups and observation techniques. In contrast, the quantitative method received
12.8% of the selected primary studies, based on systematic empirical research of observable
phenomena using statistical, mathematical, or computer techniques.

The SLR results by type of disability-related documents reveal that experience-based research
models received the most attention in 78.7% of the selected primary studies. This research
model includes case studies, projects, and experience reports that provide lessons learned.



Besides, 10.6% of the selected primary studies rely on the author’s opinion to apply accessibility in
serious games. 4.3% of selected primary studies rely on evaluation research to provide solutions
to practical problems and surveys. Also, 4.3% of the primary studies apply validation research by
presenting researched techniques that have not yet been implemented and are novel. Finally, 2.3% of
the selected primary studies use solution proposals to offer new approaches and improvements.

The selected studies” quality was determined by applying the quality assessment based on five
additional questions (see Table 5). This SLR process has its limitations; it is not foolproof as any other
secondary research method.

In this study, attention was paid to choosing the most useful query strings adapted according
to each database’s query structure. To mitigate this limitation, we applied the PICO criteria to our
query strings [5]. The selection of the databases, the ACM Digital Library, IEEE Xplore, Scopus, and
WOS, is adequate because out of 476 articles, 201 were duplicates, which means that the coverage
of the four databases is high, so much so that some of them could have been excluded. The criteria
emerged from discussions with the researchers involved. However, primary research search terms,
such as accessibility and serious games, are traditional, well-defined, and accepted terms, which should
decrease the number of ignored studies. Moreover, as the study focuses on identifying primary
research on accessibility and web-based serious games, there is less concern about capturing vaguely
domain-related research.

6. Conclusions

Accessibility is an essential research area that emerges from the web. In recent years, many studies
have been published with a growing interest in this topic. This study highlighted current trends and
outstanding issues in accessibility and applied guidelines for designing serious inclusive games using
the results of existing primary studies published between 2000 and 2020.

In this study, an SLR was conducted with a set of five research questions and five questions to
validate the quality of the selected studies. We extracted a total of 476 studies, and after a screening
process with the help of the PRISMA flowchart, we chose a group of 47 primary studies. As a result, the
limitations and problems of serious games regarding accessibility and possible solutions to generate
more inclusive serious games were demonstrated.

Furthermore, we identified the status of serious gaming and accessibility related to disability.
We identified research and contribution types that apply to serious gaming in cognitive, motor, and
sensory disabilities. This study identified that developers rely on assistive technologies through
software and hardware to achieve greater accessibility in serious games. This study shows the need
for research on issues related to accessibility policies, guidelines, and practices for serious games and
the threats of accessibility violations. Moreover, this study shows open research issues in applying
accessibility guidelines in serious games by companies and developers. Finally, this study provides
researchers and professionals with the status of serious games related to cognitive, motor, and sensory
disabilities. For future work, we suggest: (1) building a software tool that applies WCAG 2.1 guidelines
to support serious game developers; (2) defining anti-rules to increase the accessibility of serious
games; (3) conducting a literature review on the accessibility of serious games for mobile and computer
applications for users with disabilities.

Author Contributions: Conceptualization, L.S.-U., and P.A.-V.; methodology, L.S.-U.; investigation, L.S.-U.,
and P.A.-V,; writing—original draft preparation, L.S.-U., and P.A.-V,; writing—review and editing L.S.-U., S.L.-M,,
and P.A.-V,; supervision, S.L.-M.; project administration, P.A.-V., and L.S.-U. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by Universidad de Las Américas-Ecuador, as part of an internal research
project FGE.PAV.19.11.

Conflicts of Interest: The authors declare no conflict of interest.

141



view

A Systematic Literature Re

11 Web-Based Serious Games and Accessibility

GI-¢ ‘payads-a1d axom yorym Sunedtpur ‘ouop J1 ‘(Uorssardar-ejow ‘sasATeue dnoidqns 10 A1ansuds +3+9) sasA[eue [EUOHTPPE JO SPOYIIW dLIDS(] 91 sasATeue [euonIppy

91 “(sarpmys uryiim Sunzodar 9ands[as ‘seiq uoredtjqnd “8+9) S0UIPIAD SATIR[NUIND JU} }09)Je KLU Jey} SeIq JO YSLI Y} JO juawssasse Aue Ajadg G1 SIIPIYS SSOIDE SBIq JO STy

01’6 ‘sisA[eue-elow Yoea 10§ (,] “3-3) £oud3sIsuod jo sanseaw urpnioul ‘SUop J1 ‘SAIPNIS JO SHNSaI UTUIUIOd pue Bjep SUI[PUBLY JO SPOYFAL d13 9qHSa i S)[NS3I JO SISAYIUAG

PI'CT *(SUBSW UT 9DUSISJIP Y} “Onjer siI “8-9) samseoaw Arewrwns [edourid oy ajeig €1 samseaw Arewrung
“SISOUIUAS BIep AUk UT pasn ST 31 MOY pue ([2A3]

€ Tl SOIpNIS [ENPIAIPUI UI SeIq JO JSIY
QWODNO 10 APNJS Y} J& SUOP SeM SIU} IOYIYM JO uoTjedads Surpniour) sarpnis [eNpPIAIPUL JO SeIq JO SSII 9y} SUISSasse 10§ PIsn SPOUSUL dLIOS(]

¢ ‘apew suoneoyrdurs pue suondwmsse Aue pue (sadimos Surpuny ‘SO “8°9) IYSNos 1M ejep UYdIYM I0§ SS[JRLIBA [[e SULIP Pue JsI] 11 St ejeC]

g ‘siojeBnsaAul woiy ejep $s9501d UO1}23[[0D Y,

49 Sururmyuod pue Gururejqo 10y sassadoxd Aue pue (sreoridnp ‘Apuspusadspur ‘surroy pajorid 3:9) s3r0dar WOy POYIaW UOTIORIIXS BIRp A} 9qLIdSI] ot HoSTIo> Bed

§ - (stsApeue-ejow sy ur papnpur ‘a[qedridde J1 “pue ‘maraar onewaisAs ur papnpur “Ariqidis ‘Surusaids <a°1) sarpnys Junoses 10y sseooxd sy ajeig 6 uondafes Apnig

7 “pajeadar aq PNood 31 Jeu) Yons “pasn syl Aue urpnpour ‘aseqejep auo 3sed] Je 10§ A39)er)s YoIeds dIUOI)IId [[NJ JUISILJ 8 yoIesg
‘paypIess jse[ ayep

7 / S90INOS UOTeWLIOJU]
pue “YoIeds d) UT (SITPNIS [EUOHIPPE AJJUIPT 0 SIOUINE APNIS YIIM JORIU0D ‘93LI0A0 JO S9)ep LM Saseqerep “3+9) SadINO0S UOHULIOFUT [[e 9qLIDSI(]
-oreuoner Surard Ayiqidie 105 eLLD se

i4 o : 9 L1y Aqiig
pasn (snjeys uoryeoriqnd ‘a8enduef ‘parapisuod s1eak “3-3) sonstiajoereyd j1odar pue ‘(dn-morjog jo yydusy ‘SO “39) sonstivpdereyd Apnis Ajadg
“JIqUINU Uonensi3al

¢ g uonensidar pue (000301
Surpnpour uoyeurioyur uonensidar apraoid ‘[qereae J1 ‘pue ‘(SsaIppe qap “8-9) Passadde aq UED 3T ATYM PUE JT “S)SIXd [00030Id MITADI € JI 9)edIpu]

SAOHIIN

e *(SODId) . s2A9(90

u8rsap Apnys pue ‘sawodino ‘suostreduwod ‘suonuaAsajut ‘spuedonred 0} adusIayaI YIIm passarppe Suraq suonsanb Jo jusawaye)s JI[dXe ue apIaoIf o

1 “UMOWY] APEaI[e ST JeUM JO IXdJU0D dU} UI MIIASI ) JOJ S[LUOTIRI 3} dLIDS(] ¢ areuon ey

NOILDNAOILNI
“I9qUINU U0 eI}SISaI

1 MIIADI dTJRWR)SAS ‘SSurpury £33 Jo suonedrduur pue SUOISN[OUOD ‘SUOTRIIWI] ‘SINSaI ‘Spoyaw sisayjuhs pue [esrerdde Apngs ‘suonuaazajur z Areurums pamjonng
pue ‘syuednred ‘ereyun AqiSie Apnis ‘$301n0s eyep ‘s9ana[qo ‘punoidyoeq d1qeordde se “Surpnpur Areuruns paImjoniis e SpIAoi

LOVILSAV

1 "0 10 ‘SISATeUR-BJOUT ‘“MITASI dTewud)sAS e se 3rodar oy Ajnuapy 1 Elilag

H1LLL

ISINP3YD 6002 VINSIHd N

Vv xipuaddy

142



S10 juowa)e)s-ewSLId" MMM JTSTA “UOTEWLIOJUT JIOW IO,
£60000TPowd reuwmol/1eT 0T:10p
*£60000T2 :(£)9 PIIA SOId "JuswajeI§ VIANSR YL :SaSA[euy-eIajA pue SMaIASY d1jewa)sAg 10y sway] Suntoday parrajard (6002) dnoiny VNS UL ‘O Uewn[y ‘[ Jje[zi1d] ‘v neraqry ‘(q Yo ‘ol

/1 “MITAI dTJeWId)SAS 9y} 10§ 9[01 ,s1opuny pue (ejep jo A1ddns e 3-9) 170ddns 19110 pue Ma1AdI d3LUIA]SAS AU} IO S9DINOS SUTPUNJ dLIDSI(] YVird Surpunyg

ONIANNA

19T “Y0IBISAI 21NNy 10§ SUOHRdI[dU pue 2DUSPIAS T30 JO JXSFUOD Y} UI S)NSI 3y Jo uonejardiour [e1ousd e opraoi 9z suoIsnPUoO))

191 “(se1q Sunzodar yoreasar paynuapt Jo [eAdLal 93a[dwodur “3-3) [9A[-MIIAI Je pue (SeIq JO SLI “3'9) [9AS] SWONO pue APNys Je SUoTe} | SSNISI] ford suonyejIwI|
*(szosyewforjod pue ‘szosn ‘szopraord

GI-€1 ¥ dUSPIAD JO ATRUWIWING
areoyjreay “3-9) sdnoid £a3 03 20URAS[RI ISy} ISPISUOD DUWODINO UTRW DB 10§ 9DUSPIAD Jo Yrduans ayj Surpnppur ‘sSurpuly urew syj sZLewwng

NoOIssNosId

/1 *([91 w3y 29s] uorssarar-ejow ‘sasAfeue dnox3qns 10 AJ1ATISUSS “3°9) SUOP JI “SISATRUE [PUOHIPPE JO S)NSI JAID) €T sisA[eue feuonIppy

91 *(GT WI2)] 93S) SATPNJS SSOIDL SBI JO YSHI AU JO JUSWISSISSE AUR JO SINSII JUISA] @ SIIPNJS SSOIDE SeIq JO SN

ST'FL *A5U)SISUOD JO SIINSLIW PUE S[EAISJUL SDUSPLUOD SUIPNIUT ‘BUOP SISA[EUR-LIOW UOED JO S}NSAI JUSAL ] 1z S)[nsa1 Jo sIsayug

-301d 35910§ © YIM A[[eaPT ‘S[EAIIUT SDUSPIJUOD pue COIDIIS [PNDIAIDUL 10 1TSS

v sayewuns 109539 (q) dnoid uonuaaIayur Yoes 10§ eep Areurwns ojdwrs () :Apnys yoes 10y ‘Juasaid “(SwLrey 10 S}JoUsq) PAISPISUOD SIUWODINO ([ 0] 0c TP [PRIPIAIPUL IO SHNS

81°/1 *(Z1 WId)I 99S) JUSUSSISSE [9AJ] SWIOINO AUR ‘[qR[IRAR JI ‘PUE APNJS YOEd JO SeIq JO MSLI AU} UO BJep JUIsa [ 61 SIIPNJS UTYIIM SeIq JO MSIY

6 ‘suoneyn ay3 ap1aoid pue (porrad dn-mof[oy ‘SO ‘921 Apnis ““3'9) PajorIIXD 2I9M BIep YdIYM 10 SonsLajorIeyd juasaid Apnis yoes 10,1 81 sosuRORIRY Apnig
‘wrer3erp MOfj e yjm

8L L1 uonddas Apmig
A[reapr ‘08e)s Yoea Je SuoISN[OXa 10§ SUOSEII YIIM ‘MIIAIL U} Ul papN[dUL pue AJ[Iqr3I[e 10j PISSISSe ‘PAUsdaIds SIAPNIS JO SISGUINU AL

S11NS3A

ISIDIAYD 600Z VINSIYd N

143



11 Web-Based Serious Games and Accessibility: A Systematic Literature Review

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

144

Kompen, R.T; Edirisingha, P.; Canaleta, X.; Alsina, M.; Monguet, ].M. Personal learning Environments based
on Web 2.0 services in higher education. Telemat. Informatics. 2019, 38, 194-206. [CrossRef]

Google. Google Trends. Available online: https://trends.google.com/trends/explore?cat=958&date=today5-
y&q=webapplications,seriousgames, mobileapplications (accessed on 22 October 2020).

Michael, D.R; Chen, S.L. Serious Games: Games that Educate, Train, and Inform; Muska & Lipman/Premier-Trade:
USA, 2005.

Lau, H.M.; Smit, ].H.; Fleming, T.M.; Riper, H. Serious games for mental health: Are they accessible, feasible,
and effective? A systematic review and meta-analysis. Front. Psychiatry 2017, 7. [CrossRef] [PubMed]
Statista. Game-Based Learning Market Revenue Worldwide in 2018 and 2024. 2020. Available online:
https://www.statista.com/statistics/733616/game-based-learning-industry-revenue-world/

(accessed on 22 October 2020).

World Wide Web Consortium (W3C). Web Content Accessibility Guidelines (WCAG) 2.1. 2018. Available
online: https://www.w3.0org/TR/WCAG21/ (accessed on 21 October 2020).

Petersen, K.; Feldt, R.; Mujtaba, S.; Mattsson, M. Systematic mapping studies in software engineering.
Int. Conf. Eval. Assess Softw. Eng. 2008, 12, 1-10. [CrossRef]

Kitchenham, B. Procedures for Performing Systematic Reviews; Keele University: Keele, UK, 2004; Volume 33, p. 28.
Aguado-Delgado, J.; Gutiérrez-Martinez, ].M.; Hilera, ].R.; de-Marcos, L.; Otén, S. Accessibility in video
games: A systematic review. Univers Access Inf. Soc. 2020, 19, 169-193. [CrossRef]

Eriksen, M.B.; Frandsen, T.F. The impact of patient, intervention, comparison, outcome (PICO) as a search
strategy tool on literature search quality: A systematic review. J. Med. Libr. Assoc. 2018, 106, 420. [CrossRef]
[PubMed]

Prisma-Statement. PRISMA. 2015. Available online: http://www.prisma-statement.org/ (accessed on 22
October 2020).

Garcia-Holgado, A.; Garcia-Pefialvo, F.J. Mapping the systematic literature studies about software ecosystems.
In Proceedings of the International Conference on Technological Ecosystems for Enhancing Multiculturality,
Salamanca, Spain, 24-26 October 2018; ACM: New York, NY, USA, 2018; pp. 910-918.

Schell, ]. The Art of Game Design: A Book of Lenses; CRC Press: Boca Raton, FL, USA, 2008.

Pendleton, A.; Okolica, J. Creating Serious Games with the Game Design Matrix. In Proceedings of the
International Conference on Games and Learning Alliance, Athens, Greece, 27-29 November 2019; Springer:
Cham, Switzerland, 2019; pp. 530-539.

Cairns, P.; Power, C.; Barlet, M.; Haynes, G. Future design of accessibility in games: A design vocabulary.
Int. J. Hum. Comput. Stud. 2019, 131, 64-71. [CrossRef]

Salvador-Ullauri, L.; Acosta-Vargas, P.; Gonzalez, M.; Lujan-Mora, S. Combined Method for Evaluating
Accessibility in Serious Games. Appl. Sci. 2020, 10, 6324. [CrossRef]

Jaramillo-Alcazar, A.; Lujan-Mora, S. Mobile serious games: An accessibility assessment for people with
visual impairments. In Proceedings of the International Conference on Technological Ecosystems for
Enhancing Multiculturality, Cadiz, Spain, 18-20 October 2017; ACM: New York, NY, USA, 2017; pp. 1-6.
Lopez, ] M.; Medina, N.M.; de Lope, R.P. Interaction in video games for people with impaired visual function:
Improving accessibility. In Proceedings of the International Conference on Human Computer Interaction,
Salamanca, Spain, 13-16 September 2016; ACM: New York, NY, USA, 2016; pp. 1-2.

Jaramillo-Alcazar, A.; Lujan-Mora, S.; Salvador-Ullauri, L. Accessibility assessment of mobile serious games
for people with cognitive impairments. In Proceedings of the International Conference on Information
Systems and Computer Science, Quito, Ecuador, 23-25 November 2017; IEEE: New York, NY, USA, 2017;
pp. 323-328.

Salvador-Ullauri, L.; Acosta-Vargas, P.; Lujan-Mora, S. Accessibility Evaluation of Video Games for Users
with Cognitive Disabilities. In Proceedings of the International Conference on Intelligent Human Systems
Integration, Modena, Italy, 19-21 February 2020; Springer: Cham, Switzerland, 2020; pp. 853-859.

World Wide Web Consortium (W3C). Web Content Accessibility Guidelines 2.0. 2018. Available online:
https://www.w3.0rg/TR/WCAG20/ (accessed on 10 October 2020).

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Prisma Group. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef]



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hersh, M.; Leporini, B. Serious games, education and inclusion for disabled people editorial. Br. J. Educ. Technol.
2018, 49, 587-595. [CrossRef]

Fuster-Guill6, A.; Pertegal-Felices, M.L.; Jimeno-Morenilla, A.; Azorin-Lopez, J.; Rico-Soliveres, M.L.;
Restrepo-Calle, F. Evaluating Impact on Motivation and Academic Performance of a Game-Based Learning
Experience Using Kahoot. Front. Psychol. 2019, 10, 2843.

Budgen, D.; Turner, M.; Brereton, O.P,; Kitchenham, B.A. Using Mapping Studies in Software Engineering;
Psychology of Programming Interest Group: Salford, UK, 2008; pp. 195-204.

Regal, G.; Sellitsch, D.; Kriglstein, S.; Kollienz, S.; Tscheligi, M. Be Active! Participatory Design of Accessible
Movement-Based Games. In Proceedings of the International Conference on Tangible, Embedded, and
Embodied Interaction, Sydney, NSW, Australia, 9-12 February 2020; ACM: New York, NY, USA, 2020;
pp- 179-192.

Spyridonis, F; Daylamani-Zad, D. A serious game to improve engagement with web accessibility guidelines.
Behav. Inf. Technol. 2020, 1-19. [CrossRef]

Salvador-Ullauri, L.; Acosta-Vargas, P.; Jadan-Guerrero, J.; Guevara, C.; Sanchez-Gordon, S.; Calle-Jimenez, T.;
Lara-Alvarez, P. Development of an Accessible Video Game to Improve the Understanding of the Test of
Honey-Alonso. In Proceedings of the International Conference on Applied Human Factors and Ergonomics,
Washington, DC, USA, 24-28 July 2019; Isabel, L.N., Ed.; Springer: Cham, Switzerland, 2020; pp. 289-298.
Kaigo, M.; Okura, S. Game Accessibility and Advocacy for Participation of the Japanese Disability Community.
Information 2020, 11, 162. [CrossRef]

Khaliq, I; Torre, LD. A Study on Accessibility in Games for the Visually Impaired. In Proceedings of
the International Conference on Smart Objects and Technologies for Social Good, Valencia, Spain, 25-27
September 2019; ACM: New York, NY, USA, 2019; pp. 142-148.

de Lima Salgado, A.; Federici, FM.; de Mattos Fortes, R.P.; Motti, V.G. Startup workplace, mobile games,
and older adults: A practical guide on UX, usability, and accessibility evaluation. In Proceedings of the
International Conference on the Design of Communication, Portland, ON, USA, 4-6 October 2019; ACM:
New York, NY, USA, 2019; pp. 1-9.

Othman, N.I; Zin, N.A.; Mohamed, H. Accessibility Requirements in Serious Games for Low Vision
Children. In Proceedings of the International Conference on Electrical Engineering and Informatics, Bandung,
Indonesia, 9-10 July 2019; IEEE: New York, NY, USA, 2019; pp. 624-630.

Comparii-Rosique, P.; Molina-Carmona, R.; Gallego-Duran, F,; Satorre-Cuerda, R.; Villagra-Arnedo, C.;
Llorens-Largo, F. A guide for making video games accessible to users with cerebral palsy. Univers. Access Inf.
Soc. 2019, 18, 565-581. [CrossRef]

Spyridonis, E;; Daylamani-Zad, D. A Serious Game for Raising Designer Awareness of Web Accessibility
Guidelines. In Proceedings of the Conference on Human-Computer Interaction, Paphos, Cyprus,
2-6 September 2019; Springer: Cham, Switzerland, 2019; pp. 3-12.

Cairns, P; Power, C.; Barlet, M.; Haynes, G.; Kaufman, C.; Beeston, J. Enabled Players: The value of accessible
digital games. Games Cult. 2019, 1555412019893877. [CrossRef]

Martins, V.F; De la Higuera, C.A.; Frango Silveira, I.; Amelia Eliseo, M. Problem-Based Learning applied
to the development of accessible serious games. In Proceedings of the Iberian Conference on Information
Systems and Technologies, Coimbra, Portugal, 19-22 June 2019; IEEE: New York, NY, USA, 2019; pp. 1-6.
Jaramillo-Alcazar, A.; Guaita, C.; Rosero, J.L.; Lujan-Mora, S. Towards an accessible mobile serious game
for electronic engineering students with hearing impairments. In Proceedings of the World Engineering
Education Conference, Buenos Aires, Argentina, 11-14 March 2018; IEEE: New York, NY, USA, 2018; pp. 1-5.
Kane, SK.; Koushik, V.; Muehlbradt, A. Bonk: Accessible programming for accessible audio games.
In Proceedings of the Conference on Interaction Design and Children, Trondheim, Norway, 19-22 June 2018;
ACM: New York, NY, USA, 2018; pp. 132-142.

Jaramillo-Alcazar, A.; Lujan-Mora, S. An approach to mobile serious games accessibility assessment for
people with hearing impairments. In Proceedings of the International Conference on Information Technology
& Systems, Libertad City, Ecuador, 10-12 January 2018; Springer: Cham, Switzerland, 2018; pp. 552-562.
Yildiz, S.; Carlsson, A.; Jarnbrand, H.; Sandberg, T.; Westin, T. Design of a game community based support
system for cognitive game accessibility. In Proceedings of the International Conference on ArtsIT, Heraklion,
Greece, 30-31 October 2017; Springer: Cham, Switzerland, 2017; pp. 238-247.

145



11 Web-Based Serious Games and Accessibility: A Systematic Literature Review

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

146

Westin, T.; Ku, J.J.; Dupire, J.; Hamilton, I. Game accessibility guidelines and wcag 2.0—A gap analysis.
In Proceedings of the International Conference on Computers Helping People with Special Needs, Linz,
Austria, 11-13 July 2018; Miesenberger, K., Kouroupetroglou, G., Eds.; Springer: Cham, Switzerland, 2018;
pp. 270-279.

Wilson, A.; Crabb, M. W3C Accessibility Guidelines for Mobile Games. Comput. Games ]. 2018, 7, 49-61.
[CrossRef]

Leporini, B.; Palmucci, E. A mobile educational game accessible to all, including screen reading users on a
touch-screen device. In Proceedings of the World Conference on Mobile and Contextual Learning, Larnaca,
Cyprus, 30 October-1 November 2017; ACM: New York, NY, USA, 2017; pp. 1-4.

Salvador-Ullauri, L.; Jaramillo-Alcazar, A.; Lujan-Mora, S. A Serious Game Accessible to People with Visual
Impairments. In Proceedings of the International Conference on Education Technology and Computers,
Barcelona, Spain, 20-22 December 2017; ACM: New York, NY, USA, 2017; pp. 84-88.

Leporini, B.; Palmucci, E. An inclusive educational game usable via screen reader on a touch-screen.
In SIGACCESS Accessibility and Computing; ACM: New York, NY, USA, 2017; pp. 3-9.

Pereira, A.F; Silva, J.; Hideki, H.; Rodrigues, M.; Souza, L.; Martins, M.; SilvaMichel, L.S.; Barbosa, G.A.;
Coutinho, FR. Game accessibility guidelines for people with sequelae from macular chorioretinitis.
Entertain. Comput. 2018, 28, 49-58. [CrossRef]

Aratjo, M.C.C,; Facanha, A.R.; Darin, T.G.R,; Sanchez, J.; Andrade, RM.C.; Viana, W. Mobile audio games
accessibility evaluation for users who are blind. In Proceedings of the International Conference on Universal
Access in Human-Computer Interaction, Vancouver, Canada, 9-14 July 2017; Antona, M.S.C., Ed.; Springer:
Cham, Switzerland, 2017; pp. 242-259.

Henka, A.; Stiegler, A.; Zimmermann, G. Using video game patterns to raise the intrinsic motivation to
conduct accessibility evaluations. In Proceedings of the International Conference on Applied Human Factors
and Ergonomics, Walt Disney World, FL, USA, 27-31 July 2016; Springer: Cham, Switzerland, 2016; pp. 65-78.
Drossos, K.; Zormpas, N.; Giannakopoulos, G.; Floros, A. Accessible games for blind children, empowered by
binaural sound. In Proceedings of the National Conference on PErvasive Technologies Related to Assistive
Environments, Corfu, Greece, 1-3 July 2015; ACM: New York, NY, USA, 2015; pp. 1-8.

Waki, A.L.; Fujiyoshi, G.S.; Almeida, L.D. Games accessibility for deaf people: Evaluating integrated
guidelines. In Proceedings of the International Conference on Universal Access in Human-Computer
Interaction, Los Angeles, CA, USA, 2-7 August 2015; Springer: Cham, Switzerland, 2015; pp. 493-504.
Porter, ].R. Understanding and addressing real-world accessibility issues in mainstream video games.
SIGACCESS Access Comput. 2014, 108, 42-45. [CrossRef]

Milne, L.R.; Bennett, C.L.; Ladner, R.E.; Azenkot, S. BraillePlay: Educational smartphone games for blind
children. In Proceedings of the SIGACCESS Conference on Computers & Accessibility, Rochester, NY, USA,
26-28 October 2014; ACM: New York, NY, USA, 2014; pp. 137-144.

Torrente, J.; Serrano-Laguna, A.; del Blanco Aguado, A.; Moreno-Ger, P; Fernandez-Manjon, B. Development
of a game engine for accessible web-based games. In Proceedings of the International Conference on Games
and Learning Alliance, Paris, France, 23-25 October 2013; Springer: Cham, Switzerland, 2013; pp. 107-115.
Park, H.J.; Kim, S.B. Guidelines of serious game accessibility for the disabled. In Proceedings of the
International Conference on Information Science and Applications, Suwon, Korea, 24-26 June 2013; IEEE:
New York, NY, USA, 2013; pp. 1-3.

Garber, L. Game accessibility: Enabling everyone to play. Comput. (Long Beach Calif.) 2003, 6, 14-18. [CrossRef]
Westin, T.; Wiklund, M. Return on Investment in Game Accessibility for Cognition Impairments.
In Proceedings of the European Conference of the Association for the Advancement of Assistive Technology in
Europe, Vilamoura, Portugal, 19-22 September 2013; IOS Press: Amsterdam, Netherlands, 2013; pp. 577-582.
Mustaquim, M.M. Assessment of universal design principles for analyzing computer games’ accessibility.
In Proceedings of the International Conference on Computers for Handicapped Persons, Linz, Austria,
11-13 July 2012; Miesenberger, K., Karshmer, A., Penaz, P., Zagler, W., Eds.; Springer: Berlin/Heidelberg,
Germany, 2012; pp. 428-435.

Torrente, J.; Vallejo-Pinto, J.A.; Moreno-Ger, P.; Fern, B. Introducing accessibility features in an educational
game authoring tool: The <e-Adventure> experience. In Proceedings of the International Conference
on Advanced Learning Technologies, Athens, GA, USA, 6-8 July 2011; IEEE: New York, NY, USA, 2011;
pp. 341-343.



59.  Ossmann, R.; Miesenberger, K. Accessibility of a social network game. In Proceedings of the Computers
for Handicapped Persons, Vienna, Austria, 14-16 July 2010; Springer: Berlin/Heidelberg, Germany, 2010;
pp. 243-246.

60. Grammenos, D.; Savidis, A.; Stephanidis, C. Designing universally accessible games. Comput. Entertain.
2009, 7, 1-29.

61. Morgan, M.; Hanson, V.; Martin, C.; Hughes, J.; Newell, A. Accessibility Challenge—A Game Show Investigating
the Accessibility of Computer Systems for Disabled People. In Proceedings of the CHI'08 Extended Abstracts
on Human Factors in Computing Systems, Florence, Italy, 10-15 April 2008; ACM: New York, NY, USA, 2008;
pp. 2609-2610.

62. Miesenberger, K.; Ossmann, R.; Archambault, D.; Searle, G.; Holzinger, A. More than just a game: Accessibility
in computer games. In Proceedings of the Symposium of the Austrian HCI and Usability Engineering Group,
Graz, Austria, 20-21 November 2008; Springer: Berlin/Heidelberg, Germany, 2008; pp. 247-260.

63. Miller, D.; Parecki, A.; Douglas, S.A. Finger dance: A sound game for blind people. In Proceedings of the
SIGACCESS Conference on Computers and Accessibility, Tempe, AZ, USA, October 2007; ACM: New York,
NY, USA, 2007; pp. 253-254.

64. Ossmann, R.; Miesenberger, K. Guidelines for the development of accessible computer games. In Proceedings
of the International Conference on Computers for Handicapped Persons, Linz, Austria, 11-13 July 2006;
Springer: Berlin/Heidelberg, Germany, 2006; pp. 403—406.

65. Grammenos, D.; Savidis, A.; Georgalis, Y.; Stephanidis, C. Access invaders: Developing a universally
accessible action game. In Proceedings of the International Conference on Computers for Handicapped
Persons, Linz, Austria, 11-13 July 2006; Springer: Berlin/Heidelberg, Germany, 2006; pp. 388-395.

66. Ossmann, R.; Archambault, D.; Miesenberger, K. Computer game accessibility: From specific games to
accessible games. In Proceedings of the International Conference on Computer Games (CGAMES), Dublin,
Ireland, 22-24 November 2006; Mehdi, Q., Mtenzi, F., Duggan, B., McAtamney, H., Eds.; pp. 104-108.

67. Callaos, N.; Lesso, W.; Schewe, K.D.; Atlam, E.; Archambault, D. The TiM game engine: Development
of computer games accessible to blind and partially sighted children. In Proceedings of the World
Multiconference on Systemics, Cybernetics and Informatics, Orlando, FL, USA, 27-30 July 2003; pp. 179-184.

68. Jain, YK, Bha, S.K. Min max normalization based data perturbation method for privacy protection.
Int. J. Comput. Commun. Technol. 2011, 2, 45-50.

69. Acosta-Vargas, P.; Salvador-Ullauri, L. Dataset Accessibility and Web-based Serious Games. 2020. Available
online: https://data.mendeley.com/datasets/9x45s74ww5/3 (accessed on 25 October 2020).

70. W3C. WCAG2ICT Overview. 2019. Available online: https://www.w3.org/WAI/standards-guidelines/wcag/
non-web-ict/ (accessed on 22 October 2020).

71.  IGDA. SIG guidelines. 2020. Available online: https://igda-gasig.org/get-involved/sig-initiatives/resources-
for-game-developers/sig-guidelines/. (accessed on 22 October 2020).

72.  IBM. IBM Accessibility Checklist. 2020. Available online: https://www.ibm.com/able/guidelines/ci162/
accessibility_checklist.html (accessed on 22 October 2020).

73. General Services Administration Section 508 of the Rehabilitation Act of 1973. 2018. Available online:
https://www.section508.gov/manage/laws-and-policies (accessed on 22 October 2020).

74.  'W3C Making the Web Accessible. Available online: https://www.w3.org/WAI/ (accessed on 22 October 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

147



Universitat d’Alacant
Universidad de Alicante



12 A Heuristic Method for
Evaluating Accessibility in
Web-based Serious Games for
Users with Low Vision

Referencia:
Salvador-Ullauri, L., Acosta-Vargas, P., Gonzalez, M., Lujan-Mora, S. (2020). A Heu-
ristic Method for Evaluating Accessibility in Web-based Serious Games for Users with
Low Vision. Applied Sciences, 10 (24), 8303 (Salvador-Ullauri, Acosta-Vargas, Gonza-
lez, y Lujan-Mora, 2020b)

Disponible en:

= https://www.ndpi.com/2076-3417/10/24/8803

» https://doi.org/10.3390/app10248803
Temas a los que aporta:

1. Caracterizacion de los problemas de accesibilidad en los juegos serios basados en
la Web.

2. Recopilacion del estado de la cuestion en heuristicas para la accesibilidad en
juegos serios.

3. Identificacion de los requisitos de accesibilidad de los juegos serios basados en la
Web para usuarios con baja vision.

4. Evaluacion del nivel de accesibilidad de los juegos serios con un método heuristico.

149


https://www.mdpi.com/2076-3417/10/24/8803
https://doi.org/10.3390/app10248803

Universitat d’Alacant
Universidad de Alicante



Article
A Heuristic Method for Evaluating Accessibility in
Web-Based Serious Games for Users with Low Vision

Luis Salvador-Ullauri 1, Patricia Acosta-Vargas 2,#(), Mario Gonzalez (2 and
Sergio Lujan-Mora !

1 Department of Software and Computing Systems, University of Alicante, 03690 Alicante, Spain;

lasul@alu.ua.es (L.S.-U.); sergio.lujan@ua.es (S.L.-M.)

Intelligent and Interactive Systems Laboratory, Universidad de Las Américas, Quito 170125, Ecuador;
mario.gonzalez.rodriguez@udla.edu.ec

Correspondence: patricia.acosta@udla.edu.ec

check for
Received: 31 October 2020; Accepted: 25 November 2020; Published: 9 December 2020 updates

Abstract: Nowadays, serious games have become a beneficial resource in the learning process; they
are part of our culture and promote social inclusion. Designing accessible serious games is a complete
challenge, even more for non-experts. Most existing serious games do not meet accessibility standards
because of a lack of methods that include standards and help create more accessible serious games.
For this reason, our research presents a heuristic method with three modifications to Giorgio Brajnik’s
barrier walkthrough method and based on the Web Content Accessibility Guidelines 2.1 (WCAG
2.1). We defined 28 barriers for the users with low vision and the related impact and persistence
variables by defining severity ranges to evaluate accessibility. This method allows measuring the
accessibility of web-based serious games; the method proposed in this article can be a good help
for non-experts. As a case study, this heuristic method was applied to 40 web-based serious games.
The evaluators concluded that serious games should apply WCAG 2.1 to achieve an adequate and
inclusive accessibility level. However, this study has limitations; the heuristic method depends on
the evaluators’ experience. This work can contribute to studies related to accessibility heuristics in
serious games; it can also help construct a software tool that applies WCAG 2.1 and helps experts and
non-experts evaluate accessibility in serious games.

Keywords: accessibility; assessment; barrier walkthrough; heuristic; method; serious games;
Web Content Accessibility Guidelines (WCAG) 2.1

1. Introduction

At present, web-based serious games significantly contribute to our culture and can promote social
inclusion. Additionally, students’ participation and motivation in the classroom are of great importance in
the learning process, so the concept of gamification [1] has taken on great importance. Gamification allows
(1) stimulation and support of creativity; (2) player motivation through modifications and new levels of
play; (3) use as a teaching aid; (4) inclusion as a trendy means of recreation; and (5) mind training [2].

The International Game Developers Association (IGDA), according to its survey of 1116 developers
in 2019, has revealed that 85% of developers considered diversity in the games industry to be essential [3].
On the other hand, the Game Accessibility Special Interest Group (SIG) aims to support the design
of universally accessible games [4]. This group has worked since 2003 to aid the game industry to
develop more accessible video games.

The accessibility requirements themselves are described in the comprehensive legislation,
specifically section 14.21 of the Century Communications and Video Accessibility Act (CAVAA) [5].
Similarly, Microsoft [6-8], and Sony [9] are committed to ensuring that products and services are
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designed for everyone, including the one billion people with disabilities, and therefore apply sets of
guidelines to design and evaluate the accessibility of software and hardware developed by companies.

According to the World Health Organization (WHO), more than one billion people have some
disability; this corresponds to the fact that there is 15% disability worldwide [10]. Therefore, accessibility
in serious games is essential to improving the interaction between users and serious games. The primary
motivation for building serious accessible games is to offer easy access to many users, including people
with disabilities.

Therefore, accessibility in the context of serious games [11] aims to make applications usable by
the maximum number of people, regardless of their knowledge or personal abilities and technical
characteristics of the equipment used to access the serious games. Accessibility implies the way users
perceive, navigate, understand, and interact with serious games.

This study considered the four principles of accessibility of the Web Content Accessibility
Guidelines (WCAG) 2.1 [12]; we used a heuristic method to assess accessibility in serious games.
The proposed method is based on the barrier walkthrough (BW) suggested by Brajnik [13-15] and
WCAG 2.1 [12]. Therefore, a barrier is an impediment that hinders the interaction between the serious
game and the user.

The barriers found through the assessment can produce obstacles in interacting with serious
games, especially for people with disabilities. In this study, the authors considered the impact and
persistence of each barrier faced by users with disabilities. After establishing scales for impact and
persistence, the authors determined the severity of each barrier.

This study was developed from previous works [15-17]; in the current work, the authors apply
three modifications to the BW method. The first modification comprises widening the scale to examine
the persistence and impact between zero (0) and three (3). The second modification is applied to
persistence, which depends on the number of barriers presented in the assessment. The third applies
the scales defined to evaluate effectiveness, productivity, satisfaction, security, and impact.

The heuristic method proposed has eight phases: (1) choose the web-based serious games; (2) describe
the category of user; (3) determine user activities; (4) investigate the serious games; (5) make a list of the
barriers; (6) evaluate with the heuristic method; (7) record the data; and (8) interpret and analyze the data.

As a case study, this method was applied to a total of 40 web-based serious games selected with
simple random probability sampling from various websites for educational and learning purposes.
During the evaluation of the serious games with the heuristic method, two evaluators participated,
with accessibility experience in serious games from 2015. In this case study, the authors applied
the 28 guidelines for users with low vision. This heuristic method can be replicated for other
categories of disabilities by considering the appropriate barriers with the type of disability. However,
this heuristic method is manual and requires experience and training in web accessibility by the
evaluators. This investigation can provide a beginning step for future studies associated with
accessibility heuristics in web-based serious games.

The rest of the document is structured as follows: Section 2 defines the background and work
related to accessibility in serious games; Section 3 defines the heuristic method; Section 4 presents
the case study; Section 5 explains the results; Section 6 presents the discussion of the results. Finally,
Section 7 describes the perspectives and future work.

2. Background

In this section, we explain serious games, considered as a resource to support learning [18].
Some authors maintain that serious games improve the comprehension capacity of students when
they learn [19]. Accessibility in serious games implies that users can perceive, understand, navigate,
and interact [12] without the application’s problems. The evaluation methods of the accessibility in
serious games, several previous studies about the subject, are presented and introduced to our study.
The heuristic method addresses several studies and concepts applied in this research.
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2.1. Serious Games

Serious games [20] or training games have a different primary purpose than entertainment;
they must also link the real and virtual world. They promote [21] the construction of knowledge and
skills through exposure to different situations, cases, or problems. They allow simulations of a real
situation to interact in the environment in the same way they would in a real environment. They are
aimed at different audiences and can be of any kind, uses different technologies, and are designed for
different platforms, computers, consoles, virtual worlds, and social networks. According to its final
objective, [22], three categories are identified:

(1) Edutainment, or educational games so that the game takes part in the education, the game provides
an ideal environment for training by transmitting information and testing the knowledge.

(2) Advergaming, a game to promote a product, one of the most popular applications of serious
games is advertising communication.

(3) Simulation facilitates learning represents a simplified model of reality, either with group games
of physical or intellectual skills that reproduce the study’s process.

The video gaming industry is vast; in 2015, there were almost two billion video players worldwide;
it is estimated that this number will increase to more than three billion gamers by 2023 [23]. According
to statistics [24], the educational serious games market’s income will grow from 3.5 billion USD in 2018
to 24 billion USD in 2024.

According to Google Trends [25] trend on “serious games” and “educational games” in the last
five years worldwide, taken from 15 November 2015 to 15 November 2020, in Figure 1a, we observe
that “educational games” tend to grow from 2019. Figure 1b shows that the peak corresponds to
22 March 2020, coinciding with the coronavirus pandemic’s confinement in many countries. Because
teachers, parents, and students were looking for “educational games” to reinforce students’ learning
processes and compensate for the fact that they could not use face-to-face classes.
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Figure 1. (a) Google Trends about serious games and educational games in the last five years. (b) Google
Trends about serious games and educational games in the 12 months.
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12 A Heuristic Method for Evaluating Accessibility in Web-based Serious Games

2.2. Accessibility in Serious Games

As we have mentioned, accessibility [12] is the inclusive practice of ensuring that serious games and
technologies are designed and developed so that people with disabilities can use them. In the context
of serious games, accessibility includes aids such as high-contrast or large font size, screen magnifiers,
screen readers and reviewers, voice recognition software, keyboards, and adapted devices according to
user needs.

The study [26] argues that application designers face a significant challenge in applying accessibility
guidelines because they are complex and ambiguous. For this reason, the authors propose following
the WCAG with a user-centered approach. They offer designers an innovative and engaging solution
for broader adoption of accessibility guidelines that can create accessible games.

The study [27] indicates that games offer a traditional channel where all people can be involved;
however, this only happens when creating inclusive design environments to achieve this challenge.
Therefore, they suggest developing an accessibility vocabulary and language for games. The authors
recommend including the terminology used, showing the controls that enable the play’s tasks and skills.

The investigation [28] indicates that play accessibility is about removing barriers for users
with disabilities. Besides which, the authors argue that the challenge is that web-based games can
better access the WCAG 2.1 and achieve an adequate accessibility level in the construct of more
accessible games.

Previous studies by the study [29] indicate that it is essential to evaluate the users’ learning
styles, for which they applied the Honey-Alonso test [30] for the development of serious games.
The Honey-Alonso test includes active, reflective, theoretical, and practical techniques. The authors
proposed constructing an educational video game with a Honey-Alonso test script and applied
the WCAG.

The research [31] argues that making serious games universal and accessible are a challenge
for interface creators and game designers. The authors indicate that more effort is needed and
propose research with recommendations for accessibility in serious games. Consequently, the authors
recommend ten strategies for designing games for visually impaired users. The results indicated that
only three out of ten games were accessible.

Concerning accessibility, in June 2018, the World Wide Web Consortium (W3C) [32] established the
WCAG 2.1 recommendations for making web content more accessible; furthermore, this proposal can be
applied to achieve accessibility in serious games. WCAG 2.1 covers a wide range of recommendations
to make web content more accessible. Applying [12] these guidelines will make serious game content
more accessible to people with disabilities, including adaptations for blindness and low vision, deafness
and hearing loss, limited movement, speech disabilities, photosensitivity, and combinations, and some
adaptations for learning disabilities and cognitive limitations. WCAG 2.1 comprises four principles,
13 guidelines, 78 compliance criteria, combined with an undefined number of sufficient techniques
and advisory techniques. The four principles are described below:

(1) Perceivable, users must distinguish content in audio, video, and text.

(2) Operable; users must be able to use and interact with the interface modules.

(3) Understandable, users must be able to recognize self-controls of the interface.

(4) Robust, users must be able to access comfortably and understand consistently in any case of the
present and potential technologies.

Therefore, the compliance criteria include three levels. Level A offers a minimum of accessibility;
not achieving implies that users cannot access the content. Level AA allows an intermediate level of
accessibility; it satisfies the levels A and AA; it indicates that the users cannot access all the content.
Furthermore, Level AAA is the highest level of accessibility. Achieving this level means that users can
easily access the content.
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2.3. Accessibility Evaluation Methods

Serious games and gamification approaches in the educational context [33] allows for greater student
participation in skill development. Due to the growing multidisciplinary interest in learning, serious games
are considered a useful pedagogical tool. Therefore, the need arises to build serious games accessible and
inclusive to access these learning resources. This section describes several of the accessibility evaluation
works, which contribute with tools that guide the design of web-based serious games.

The research [34] evaluates accessibility related to visual impairments in educational video games
to suggest improvements in this type of application’s design. A second study by the authors indicates
that the evaluation of mobile serious games’ accessibility for people with hearing disabilities argue
that accessibility has not been considered in the development of serious games. As a case study,
they evaluated a mobile game’s accessibility, where they proposed an analysis tool. In a third study,
the investigation [35] argues that accessibility is a feature that is not considered in the design of serious
games, so they are not easily accessible. The study shares a compilation of accessibility guidelines for
developing video games; they propose categorizing the existing guidelines to evaluate a video game’s
accessibility for people with motor disabilities.

A previous study by the authors [36] proposes a method to motivate software developers to improve
accessibility. The authors present a technique for evaluating the accessibility of serious games applying
WCAG 2.1, which incorporates barriers for users with cognitive disabilities. The proposed approach can
be replicated for people with other disabilities and can be used throughout the game to create a cycle to
guarantee more inclusive and accessible applications. A second study [37] proposes to apply a combined
method to evaluate accessibility in serious games, taking into account the WCAG 2.1. As a case study,
the accessibility of 82 serious games developed by Physical Education Technology Interactive Simulations at
the University of Colorado was evaluated. The authors suggest replicating the combined approach for users
with various disabilities, considering the accessibility barriers. As future work, they suggest generating a
heuristic accessibility evaluation focused on serious games to develop applications more inclusive.

2.4. Heuristic Method

In the literature review for this research, we did not find any automatic review methods or
heuristics applied to serious games, so we started from the existing information on evaluating the
heuristics of accessibility for websites; we have the following studies. The study [38] argued that
accessibility heuristics are created as a complement to accessibility guidelines. Additionally, heuristics
allow evaluators to identify which sections of an application have accessibility issues effectively.
The results revealed that using accessibility heuristics can locate a broader range of barriers to solving
accessibility problems. However, heuristics do not provide evaluators with compliance information,
so heuristics studies are not a substitute for user experience.

The research [39] argued that accessibility evaluation methods help user-centered accessibility.
The author notes that accessibility evaluation methods can find accessibility issues, for instance,
guideline infringements, modes of failure, defects, or user implementation rates. An evaluation
method can prescribe how to rank and rate topics in conditions of severity and priority. It presents a
discussion of several evaluation methods, one of which is the BW method, which has the following
advantages: low complication, validates knowledge, more excellent correction than conformance
review, and produces severity indices.

A study by the authors [17] argues that determining whether interfaces are accessible is essential,
and it requires accessibility evaluation. One form of assessment uses automated tools, which are not
sufficient; human testing with experts and users with disabilities is already necessary. The authors
present a study to evaluate accessibility and barriers present on the application for Banco do Brazil
employing the BW method, which records and defines a sequence of barriers that are susceptible
to each classification of the user. This survey’s objective was to examine whether this approach can
be treated as a supplement to automatic assessment when observations involving users cannot be
made—the method allowed for rapid and timely evaluation, decreasing the assessment’s complication.
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12 A Heuristic Method for Evaluating Accessibility in Web-based Serious Games

With the suggested study, they detected usability problems associated with accessibility, for which
they presented some suggestions.

The study [40] argued that accessibility assessment methodologies assume that all guidelines
must be met to achieve universal accessibility. The authors noted that the BW approach addresses
issues of applying the guidelines to diverse groups of users. The process allows evaluators to assess
the severity of the barrier being inspected. They determined that barriers could be combined with the
BW method to evaluate the impact of an application on users and effectively relate to the subject.

A previous study by the authors [16] indicated that there are qualitative and quantitative methods
for checking whether an application is accessible. The authors presented a modification to the
BW method offered by Giorgio Brajnik based on WCAG 2.1. The change involved incorporating
persistence to work out the severity of an accessibility barrier. With the process used in the experiment,
the evaluators found that the method allows for (1) measuring the accessibility of applications;
(2) testing a heuristic process; (3) assisting in manual evaluations, and (4) contributing to studies
associated with accessibility heuristics.

Therefore, the heuristic method based on the BW suggested in the studies [13-15] can assist in
supplementing accessibility assessment in serious games. The heuristic method is a systematic method
built on testing and error inspections in which an evaluator thinks of some potential accessibility
barriers corresponding to the WCAG 2.1 accessibility principles. Barriers incorporate characteristics
according to user type, purpose, the perspective of use, and serious gaming site to draw appropriate
conclusions related to effectiveness, productivity, satisfaction, and security [13,14], with severity scores
designated to each accessibility barrier.

In this study, the barriers are defined in the conditions of the next parameters: (1) Effectiveness
indicates the degree of compliance to accomplish the user’s aim accurately; (2) Productivity is associated
with the time, effort, and cognitive load prerequisite to achieving a specific level of effectiveness;
(3) Satisfaction characterizes the contentment and acceptance by the user; it implies the capacity to
acclimate, and (4) Security represents the established weakness in the serious game assessed. The BW
method [13,15] is an accessibility inspection technique created from accessibility designed principles,
taking into account the user group, the type of assistive technology, the influence of users, the types of
serious games, and the effects caused.

The study [41] considers that inspection-based evaluation techniques are standard, as they involve
less formal instruction. It applies a method that combines task-oriented heuristic assessments that are
easy to understand and use. Sears recommends methods for checking the authenticity and consistency
of the assessment techniques. The results of heuristic assessments allow for more significant problems
to be identified than in cognitive reviews.

The severity of a barrier, according to the BW method [13,15], is related to the physical and
cognitive characteristics of the user and the context in which the activities are performed; in this way,
it is possible to reach conclusions with effectiveness, productivity, satisfaction, and security, to achieve
the applicable parameters of severity. This method recommends utilizing two factors to assess the
severity of a barrier: the impact of the barrier on satisfaction and productivity user and the persistence
with which the barrier is present [15].

The BW method states that the evaluator can measure the severity of the barrier on a scale between
one (1) and three (3), where the value of one (1) corresponds to a “minor problem,” implying that
the user can overcome and avoid the barrier [13,42]. An identified barrier may affect productivity or
user satisfaction but not effectiveness and security. A barrier that seriously affects a task’s execution is
assigned the value of two (2) and corresponds to a “significant problem.” Finally, when it is difficult to
avoid the barrier, security and effectiveness are reduced. The value of three (3) is assigned, implying a
“critical problem,” in which context users often fail to achieve the objectives. Therefore, the barrier causes
anegative effect that could affect (1) productivity and effectiveness; and (2) security and user satisfaction.

For this research, we start with the authors’ previous studies of authors [16] on websites” heuristic
methods. The authors apply the heuristic method based on the barrier path using ranges and severity
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scales to evaluate websites. In this research for the heuristic evaluation of accessibility in serious
games, we apply the concept of heuristics suggested by the authors [43], which involves a method
of inspection that supports an interactive evaluation of the system; three modifications to the BW
heuristic method [13] are proposed by Giorgio Brajnik.

3. Method

The authors tested an initial part of this method in previous studies, the authors [16] related to
evaluating accessibility heuristics in websites. Therefore, in this study, we applied a method that
considers three variations used for the first time in the heuristic evaluation of accessibility in serious
games. This method consists of prioritizing the impacts of the barriers corresponding to the applied
perspective. With this heuristic method, we can identify a more significant number of accessibility
barriers that prevent interaction between serious games and users.

Once these barriers are identified, they can be corrected by the developers of serious games.
Using the detailed scale in Table 1, we applied three modifications to the BW method in this
investigation; this contains the scale and the meaning of the severity with the first modification
of the BW [14-16]; it consisted of expanding the scale to evaluate the efficiency, productivity, satisfaction,
security, and impact.

Table 1. Enlarged Scale.

Scale Meaning
0 Null

1 Minor

2 Significant
3 Critical

The second modification affects persistence, which depends on the number of barriers presented
in the evaluation; we apply the persistence scale detailed in Table 2. The third modification was to
apply the severity according to the value of impact and persistence, shown in Table 3.

Table 2. Barrier—Persistence.

Barriers Number Persistence
Oand 1 0
2and 3 1
4 and 5 2

Greater than 5 3

Table 3. Impact, Persistence, and Severity value.

Impact Persistence Severity

Null
Null
Null
Null
Minor
Minor
Significant
Significant
Significant
Critical
Critical
Critical
Critical

o
o
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WINNFR WONRFE WON-ROOO

157



12 A Heuristic Method for Evaluating Accessibility in Web-based Serious Games

The heuristic method to evaluate web-based serious games is condensed into eight phases,
corresponding to Figure 2; each phase of the method is detailed in the case study.
Select the serious

S i
R
' Phase 3 Define user activities
G | —
:

'xx.s Phase 7 Record the data
Interpret and analyze the
Phase 8 data

Figure 2. A heuristic method for accessibility evaluation method.

Evaluate with the
heuristic method

4. Case Study

This method was applied to 40 web-based serious games, selected with a simple random probability
sampling, from several websites for educational and learning purposes. The websites that contain the
web-based serious games are shown in Table 4.

In this research, we applied accessibility barriers for low vision users; the evaluators specified
heuristics associated with impact and severity involving serious games. The evaluators previously
raised the accessibility barriers based on the WCAG 2.1, applied according to the disability and user
impact, characteristics, and effects of the serious games evaluated.

Table 4. Websites where serious games have been obtained.

URL Description

The site created by Physical Education
Technology (PhET) Interactive Simulations
at the University of Colorado [18], which
contains several free serious games for
educational use in different subjects

https://phet.colorado.edu/sims/html/

The simulations and animations of physics,
electromagnetism, mechanics, gravitational
field, molecular physics and
thermodynamics, and particular

relativity theory.

https://www.vascak.cz/

https://www.freeriderhd.com/

http://www.raptjs.com/play/
http://www.sinuousgame.com
https://worldsbiggestpacman.com/
https://ludominga-aff09.firebaseapp.com/
https://funhtml5games.com/

The random selection of various websites
that contain serious learning games,
including some of the most popular
game lists.

Phase 1: Select the serious games; in this phase, we used the formula for calculating the sample size
when the population size is unknown. Before calculating the sample size, we need to determine: (1) the
size of the population defined as a collection of objects or individuals that have similar characteristics;
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(2) the margin of error or confidence interval, which is a statistic that expresses the amount of random
sampling error in the results; (3) the confidence level that refers to the random intervals that are used
to constrain a value with a given high probability. For our case, we applied Equation (1).
2 * *
n— % (1)
where: n = size of the desired sample, Z = confidence level = 0.631, p = probability of success = 50%,
q = (1 — p) probability of failure = 50%, d = accuracy, accepted estimation error = 5%.

When applying the calculations, we obtained a value of 39.8; therefore, a total of 40 serious games
listed in Table 5 should be evaluated, containing the ID that is the identifier assigned to the web-based
serious game, the URL, and the subject of the serious game.

Phase 2: Characterize the type of users; in this experiment, the guide for low vision users [44]
was applied, who are characterized as those who have a situation in which the user’s vision cannot be
rectified with glasses, affecting everyday events, reading, and driving. Low vision is most frequent
among the elderly but can occur in people of any age because of degenerative diseases.

The WHO defines low vision [45] as a visual abnormality that restricts the ability to perform everyday
visual tasks. The leading causes of visual impairment are uncorrected refractive errors, cataracts,
age-related macular degeneration, glaucoma, diabetic retinopathy, corneal opacity, and trachoma.
The fundamental principle of accessibility for users with low vision is “perceivable” [12].

Phase 3: Define user activities; the evaluators define scenarios to analyze the serious game and how
users interact with the game to achieve the objective. The task was to enter each serious game, review
each game’s functionality, check the menus, images, messages, and help options to see any accessibility
barriers for low vision users. Additionally, in this phase, we describe the level of accessibility (A, AA,
AAA) that would be assessed; in this situation, we operate up to the level AA. It was also necessary to
detect accessibility support with a listing of web browsers that must be friendly. In this investigation,
the evaluators used Google Chrome version 84.0.4147.125, Mozilla Firefox version 77.0.1, and Opera
version 70.0.3728.106.

Table 5. List of selected serious games.

1D URL Subject
SGO1  https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html Chemistry
SG02  https://phet.colorado.edu/sims/html/area-builder/latest/area-builder_en.html Math
SGO03  https://phet.colorado.edu/sims/html/area-model-algebra/1.2.1/area-model-algebra_en.html Math
S5G04  https://phet.colorado.edu/sims/html/coulombs-law/1.0.9/coulombs-law_en.html Physics
SGO05  https://phet.colorado.edu/sims/html/energy-skate-park-basics/1.1.19/energy-skate-park-basics_en.html Physics
SG06  https://phet.colorado.edu/sims/html/expression-exchange/1.1.14/expression-exchange_en.html Math
SG07  https://phet.colorado.edu/sims/html/fractions-intro/1.0.12/fractions-intro_en.html Math
SGO08  https://phet.colorado.edu/sims/html/function-builder-basics/1.0.14/function-builder-basics_en.html Math
SG09  https://phet.colorado.edu/sims/html/gravity-and-orbits/1.1.15/gravity-and-orbits_en.html Physics
SG10  https://phet.colorado.edu/sims/html/masses-and-springs-basics/1.0.9/masses-and-springs-basics_en.html Physics
SG11  https://phet.colorado.edu/sims/html/ph-scale/1.3.4/ph-scale_en.html Earth science
SG12  https://phet.colorado.edu/sims/html/rutherford-scattering/1.1.9/rutherford-scattering_en.html Chemistry
SG13  https://phet.colorado.edu/sims/html/vector-addition/1.0.0/vector-addition_en.html Math
SG14  https://phet.colorado.edu/sims/html/waves-intro/1.0.2/waves-intro_en.html Earth science
SG15  https://phet.colorado.edu/sims/html/build-a-molecule/latest/build-a-molecule_en.html Chemistry
SG16  https://phet.colorado.edu/sims/html/density/latest/density_en.html Chemistry
SG17  https://phet.colorado.edu/sims/html/energy-skate-park/latest/energy-skate-park_en.html Physics
SG18  https://phet.colorado.edu/sims/html/number-line-integers/1.0.1/number-line-integers_en.html Math
SG19  https://phet.colorado.edu/sims/html/molecule-polarity/1.0.15/molecule-polarity_en.html Chemistry
SG20  https://phet.colorado.edu/sims/html/graphing-lines/1.3.10/graphing-lines_en.html Math
SG21  http://www.raptjs.com/play/#/rapt/Bomberland/ Skills
5G22  https://funhtml5games.com/?play=angrybirds Strategy
SG23  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mech_sily&l=en Physics
SG24  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mech_pohyb&l=en Physics
SG25  https://sumonhtml5.ludei.com/ Math
SG26  http://arcade.lostdecadegames.com/onslaught-arena/ Skills
SG27  https://worldsbiggestpacman.com/play/#-1,1 Skills
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Table 5. Cont.

ID URL Subject
S5G28  https://www.freeriderhd.com/t/727781-the-great-oak Racing
S5G29  http://www.sinuousgame.com/ Skills
SG30  https://ludominga-aff09.firebaseapp.com/boingBoingGame Skills
SG31  https://ludominga-aff09.firebaseapp.com/facesAndGesturesGame Skills
SG32  https://ludominga-aff09.firebaseapp.com/huntingFiguresGame Skills
SG33  https://ludominga-aff09.firebaseapp.com/puzzleGame Skills
SG34  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mech_rovnobezniké&l=en Physics
SG35  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mech_pruzna&l=en Physics
S5G36  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mech_maxwell&l=en Physics
SG37  https://www.vascak.cz/data/android/physicsatschool/template.php?s=gp_newton_zakon&l=en Physics
SG38  https://www.vascak.cz/data/android/physicsatschool/template.php?s=gp_sourad_geol&l=en Physics
SG39  https://www.vascak.cz/data/android/physicsatschool/template.php?s=mf_parnistroj&l=en Physics
SG40  https://www.vascak.cz/data/android/physicsatschool/template.php?s=opt_newtonkotouc&l=en Physics

In this case study, a barrier for a user with low vision means that he or she cannot interact effectively
with the serious game, implying that it is difficult for him or her to move precisely over the content of
the serious game due to the complexity of his or her visual perception. The two evaluators identified
the scenarios made up of users with low vision, the aims, and the activities that users must complete in
the testing to apply the approach suggested in this investigation. A list of accessibility barriers for low
vision users based on WCAG 2.1 [12] is listed in Table 6. The evaluators recommended this method
to accomplish the aim, considering effectiveness, productivity, security, and user satisfaction. It was
essential to recognize the scale of severity and range of persistence of each barrier that characterizes
the low vision user’s impediment to achieve the aim.

Table 6. Barrier vs. Web Content Accessibility Guidelines 2.1 (WCAG 2.1.)

ID Barrier WCAG 2.1 Success Criteria Level
G01 Accessible keyboard Operable 211 A
G02 No luminance flash failures Operable 2.3.1 A
G03 Animation from Interactions Operable 2.3.3 AAA
G04 Content hovering over focus Perceivable 1.4.13 AA
G05 Easy to read font Perceivable 1.4.4 AA
G06 Text alternatives Perceivable 111 A
G07 Subtitled Perceivable 1.24 AA
G08 Automatic transcripts Perceivable 1.2.5 AA
G09 Sign language Perceivable 1.2.6 AAA
G10  Information and relationships Perceivable 1.3.1 A
G11 Adjust display settings Perceivable 1.3.4 AA
G12 Interface rearrangement Perceivable 1.3.5 AA
G13 Use of color Perceivable 141 A
Gl14 Contrast without text Perceivable 1.4.11 AA
G15 Well-spaced elements Perceivable 1.4.12 A
G16 Good audio techniques Perceivable 14.2 A
G17 Contrast Perceivable 143 AA
G18 Images as sharp as possible Perceivable 1.4.5 AA
G19 Visual presentation Perceivable 1.4.8 AAA
G20 Pause, stop, hide Perceivable 222 A
G21 Sensory Characteristics Perceivable 1.3.3 A
G22 Screen reader support Robust 412 A
G23 Status messages Robust 413 AA
G24 Language Understandable 3.1.1 A
G25 Consistent navigation Understandable 3.2.3 AA
G26 Labels or instructions Understandable 332 A
G27 Help Understandable 3.3.5 AAA
G28 On Focus Understandable 321 A
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Phase 4: Explore the serious games; the expert explores each serious game with the instructions
defined in phase 3. The tasks that the user had to perform were: (1) interact with the first interface
of the serious game; (2) review the functionality of each round; (3) identify whether the games have
a screen magnifier; (4) review whether the games have the option to adjust the game parameters;
(5) determine whether the game has the opportunity to help the user; (6) identify whether the user can
read each message of the serious game; (7) review whether the images have adequate clarity and are
apparent to the user; and (8) check whether the serious game has the option to change the language.

At this stage, the evaluators navigate all the serious game features to detect potential accessibility
barriers. Finally, in this phase, the evaluators review the behaviors agreeing to the device used,
the browser, and the structure applied.

Phase 5: List the barriers; we selected 28 barriers based on WCAG 2.1 for low vision users to
apply this BW-based heuristic method. Table 6 contains the guideline identifier, the barrier, the WCAG
2.1 principle, the success criteria, and the level of accessibility.

Phase 6: Evaluate with the heuristic method, the evaluators carried out the following process:
(1) run the serious game; (2) carefully examine whether each barrier meets the parameters of effectiveness,
productivity, security, and satisfaction; we applied Table 1. (3) Find the impact related to the parameters
defined in Table 1; (4) record the persistence of each barrier according to the parameters defined in
Table 2; (5) apply the persistence scale defined in Table 2; (6) finally, apply the severity scale according
to the impact and resulting persistence defined in Table 3.

To analyze the severity of a barrier, we need two parameters: (1) the impact of the barrier as a
result of the effectiveness, productivity, security, and satisfaction of the user performing an activity;
(2) the value of persistence, denoted by the number of times the barrier is repeated, is essential when
evaluating a serious game.

For example, when checking the barrier “Accessible keyboard” in the game SG01 “Acid-base
solutions”, we apply the following process: First, for the efficiency parameters, we register the value
zero (0), in productivity the value of one (1), in satisfaction zero (0) and security the value of one (1).
Second, we analyze whether the barrier affects productivity, satisfaction, effectiveness, or safety. In that
case, the impact was minimal; when analyzing these parameters, the impact’s value is two (2). Thirdly,
we evaluate the number of times the barrier corresponding to the persistence parameter presented
by the barrier “Accessible keyboard” is presented. Fourth, we apply the persistence scale defined in
Table 2. Fifth, we determine the severity defined in Table 3 for impact and persistence; for the barrier
“Accessible keyboard” we have in the impact the value of two (2) and for the persistence the value of
two (2), therefore the severity for the barrier “Accessible keyboard” is significant.

Phase 7: Record the data; the data from each serious game evaluated was documented in a
spreadsheet. Table 7 is an example since it collects the data of only one set; it contains the identifier
assigned to the pattern, the barrier, the effectiveness, the productivity, the satisfaction, the safety,
the impact, the range of persistence, the total persistence, the result of persistence and the severity of
the serious set with the code SGO01 that corresponds to “acid-based solutions” of the PhET project of the
University of Colorado. For the G01 “Accessible keyboard” barrier, we applied Table 1 and obtained
the following results: in effectiveness we recorded zero (0), in productivity one (1), in satisfaction zero
(0), and in safety one (1). Then we analyzed the impact; if the barrier affects productivity or satisfaction
marginally, but not effectiveness or safety, the impact is minimal; when analyzing these parameters,
we found impact equal to two (2) according to the scale of Table 1 this corresponds to significant.
To evaluate persistence, we apply Table 2; we find that the barrier is present for more than four times;
therefore, persistence is equal to two (2). Finally, we applied Table 3 to find severity, with the impact
value equal to two (2) and persistence equal to (2); therefore, this barrier presents significant severity.

The recorded data are available in the repository [46] so that the assessment can be reproduced.
Data recording is essential; the data allow evaluators to manage and condense information by
diverse categories.
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Phase 8: Interpret and analyze the data; the evaluators offer the analysis of the severities taken
when applying the heuristic method; First, we organize and group the information by categories.
To manage each serious game’s severity information, we use the dendrogram shown in Figure 3;
it contains the distances between each serious web-based game evaluated consecutively. In the results
section and the discussion section, a more in-depth analysis of the results related to the severity of the
barriers, the accessibility principles, the levels, and the success criteria of the WCAG 2.1 is carried out.

Figure 3. Dendrogram with six clusters of the evaluated serious games with the heuristic method.

Table 7. Evaluation with the BW heuristic method for the serious game SG01 “acid-base-solutions”.

ID Barrier E P St Sc I P1 P2 P3 P4 Pt P Severity
G01 Accessible keyboard 01 0 1 2 4 4 2 Significant
G02 No luminance flash failures 1 0 1 2 1 2 2 41 Minor
GO03 Animation from Interactions 1 0 1 2 1 3 3 1 Minor
G04 Content hovering over focus 0 0 0 0 3 6 6 3 Critical
G05 Easy to read font 1 0 1 2 1 2 2 1 Minor
G06 Text alternatives 01 0 1 2 5 5 2  Significant
G07 Subtitled 01 0 1 2 4 4 2  Significant
G08 Automatic transcripts 0o 1 0 1 2 4 4 2  Significant
G09 Sign language 01 0 1 2 5 5 2 Significant
G10 Information and relationships 1 0 1 2 1 3 3 1 Minor
Gl1 Adjust display settings 11 1 3 0 0 0 0 Null
G12 Interface rearrangement 11 1 3 0 1 1 0 Null
G13 Use of color 1 0 1 2 1 2 2 1 Minor
Gl4 Contrast without text 1 0 1 2 1 2 2 1 Minor
G15 Well-spaced elements 1 1 1 3 0 O 0 0 Null
Gl16 Good audio techniques o 1 0 1 2 5 5 2  Significant
G17 Contrast 0 1 1 2 1 2 2 1 Minor
G18 Images as sharp as possible 1 1. 1 3 0 O 0 0 Null
G19 Visual presentation 11 1 3 0 0 0 0 Null
G20 Pause, stop, hide 0o 1 1 2 1 6 6 3 Significant
G21 Sensory characteristics 1 0 1 2 1 6 6 3  Significant
G22 Screen reader support 1 0 1 2 1 6 6 3 Significant
G23 Status messages 0o 0 1 1 2 6 6 3 Critical
G24 Language 0 0 1 1 2 6 6 3 Critical
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Table 7. Cont.

ID Barrier E P St Sc I P1 P2 P3 P4 Pt P Severity
G25 Consistent navigation 1 1.1 3 0 O 0 0 Null

G26 Labels or instructions 0O 0 0 0 3 6 6 3 Critical
G27 Help 0O 0 0 o0 3 6 6 3 Critical
G28 On focus 0O 0 0 0 3 6 6 3 Critical

Where: E = Effectiveness, P = Productivity, St = Satisfaction, Sc = Security, I = Impact, P1 =0and 1, P2 =2and 3,
P3 =4 and 5, P4 > 5, Pt = Persistence total, P = Persistence.

5. Results

Table 8 summarizes the 40 serious games evaluated; it contains the serious games’ code, the severity
of null, minor, significant, and critical.

Table 8. Summary of the severities of the serious games evaluated.

ID Null Minor Significant Critical
5G01 6 7 9 6
SG02 14 0 1 13
SG03 14 1 0 13
SG04 14 3 0 11
SG05 11 3 0 14
SG06 14 1 0 13
SG07 13 1 0 14
SG08 13 2 1 12
SG09 17 2 0 9
SG10 14 1 3 10
5G11 14 2 1 11
5G12 14 3 0 11
SG13 12 2 1 13
S5G14 16 0 0 12
SG15 12 4 1 11
SGl6 12 1 1 14
5G17 15 1 0 12
SG18 14 1 0 13
SG19 13 2 0 13
5G20 14 0 1 13
5G21 5 3 5 15
5G22 15 0 2 11
5G23 11 0 3 14
5G24 12 0 2 14
5G25 10 2 3 13
S5G26 11 3 1 13
S5G27 12 4 0 12
5G28 3 1 6 18
5G29 7 4 2 15
SG30 12 3 1 12
5G31 12 3 1 12
5G32 12 3 1 12
SG33 12 3 1 12
SG34 11 0 2 15
SG35 11 0 1 16
SG36 11 0 1 16
SG37 10 1 1 16
SG38 10 1 1 16
SG39 10 1 1 16
5G40 10 1 1 16
Total 473 70 55 522
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The results obtained in this case study show that the total null severity has a value of 473,
representing 42.2% of the total. The minor severity corresponds to the amount of 70, representing 6.3%.
The significant severity is 55, which corresponds to 4.9%; finally, the critical severity has a value of
522 and represents 46.6%. A summary of WCAG 2.1 principles and the severity of the serious games’
barriers are presented in Table 9.

Table 9. Summary of WCAG 2.1 principles and severity of barriers.

Principle Null % Null Minor % Minor Significant % Significant Critical % Critical
Perceivable 302 63.8 53 75.7 23 41.8 342 65.5
Operable 57 12.1 14 20.0 12 21.8 37 7.1
Understandable 88 18.6 3 4.3 6 10.9 103 19.7

Robust 26 55 0 0.0 14 25.5 40 77

6. Discussion
Of the 40 serious games evaluated, we found that:

(1) The SGO1 “acid-base solutions” set has a value of six in the critical severity evaluation.

(2) The SG09 “severity-and-orbits” set has nine and corresponds to the group’s most accessible
serious games with less critical barriers.

(3) The two web-based serious games correspond to the University of Colorado’s PhET project.

The serious games with the highest number of critical barriers correspond to SG28 “freeriderhd”
with a value of 18, followed by SG35 “physicsatschool” with 16. The results indicate: (1) The most
significant number of serious games is in the critical and significant severity rating; (2) For serious
games to be accessible at an acceptable level, application programmers must correct the most significant
number of accessibility barriers through serious game programming software; and (3) the alternative is
to use adaptive hardware by applying assistive technology or digital ramps that allow users to interact
with serious games easily.

Furthermore, to find similarities between the serious games evaluated with the heuristic method,
we apply the hierarchical grouping that allows the finding of similarities between the serious games
accommodated in groups so that the groups are well separated and that the serious games within
them are as close as possible. The similarity between the serious games is graphed using a tree called
a dendrogram. In this process, we apply the following steps: (1) the number of clusters or groups
is formed according to the number of serious games; (2) the serious games are grouped based on a
measure of similarity between them; (3) the groups are grouped based on their distance, forming a tree
called a dendrogram; (4) they continue to group until only one grouping remains.

Figure 3 shows the dendrogram of the 40 serious games’ evaluations with the heuristic method
considering the null, minor, significant, and critical variables to know the groups that obtained similar
characteristics among the serious games. To measure the similarity between the serious games, we
applied the Euclidean distance (2).

d(x,y) = llx = yll 2)

The Euclidean distance method allows us to see how similar the evaluation data are for each
serious game. The dendrogram in Figure 3 shows the height of the branches that indicates the similarity
between the clusters, and contains five horizontal lines in green indicating the number of groups into
which they are divided; in this case, it was divided into six groups containing similar values, which are
detailed below:

(1) The serious game SGO01 is in a single group because it records low values in null, minor, significant,
and critical; this implies that SGO1 is the most accessible serious game of the 40 evaluated.
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The SG28 serious game is in the second group. It is still not as accessible because the critical
severity is 18, indicating that it contains some accessibility barriers that must be corrected even
though null, minor, and significant are low.

The two serious games, SG21 and SG29, are in the third group are not very accessible because
they have a critical severity of 15.

The five serious games, SG10, SG22, SG09, SG14, and SG17, are in the fourth group and are not
very accessible because they have a critical severity.

The 12 serious games SG05, SG23, SG24, SG25, SG26, SG34, SG35, SG36, SG37, SG38, SG39, SG40
have a high critical severity and are therefore not accessible.

The 19 serious games SG02, SG03, SG04, SG06, SG07, SG08, SG11, SG12, SG13, SG15, SG16, SG18,
S5G19, SG20, SG27, SG30, SG31, SG32, SG33 are among the least accessible.

Figure 4a shows that the examined critical games violate some principles of WCAG 2.1.
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Figure 4. (a) WCAG 2.1 vs. critical severity. (b) WCAG 2.1 accessibility levels vs. critical severity.

In the 40 evaluated serious games, the evaluators found: (1) 342 barriers with critical severity,

where 65.5% characterize the perceptible principle. (2) 37 barriers with critical severity represent 7.1%
of the operable. (3) 19.7% corresponding to the understandable, and (4) 7.7% corresponding to the
robust. These statistics indicate that accessibility barriers affect web-based serious games and should
be corrected.

Figure 4b shows a summary of the accessibility levels corresponding to critical severity; we observe

that for level A, 210 barriers representing 40.2%, for level AA, 227 barriers corresponding to 43.5%,
and level AAA has 85 barriers corresponding to 16.3% of the total.

Figure 5 presents the success criteria for critical severity; these criteria can be found in Table 7;

we observe that:
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The on-focus barriers correspond to criterion 3.2.1. The help barrier of the success criterion 3.3.5
is the most critical with a value of 40.

It is followed by the content hovering over the focus barrier of criterion 1.4.13, subtitled criterion
1.2.4, and the automatic transcripts barrier of criterion 1.

With the value of 38, the barriers text alternative is sign language.
Through 37, the criterion status messages.

By 36, interface rearrangement.

With 32, we have adjusted the display settings and pause, stop, hide.
With 30, the criterion accessible keyboard.

Together with 23, the criterion useful audio techniques.

The rest of the criteria have values lower than 12.
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12 A Heuristic Method for Evaluating Accessibility in Web-based Serious Games

We suggest incorporating solutions using digital ramps or software and hardware assistance
technologies to have serious games accessible. We propose to include support tools that help users
with sensory, motor, and visual disabilities with configuration options to enable an environment
controlled by the user of the serious game. We propose that the serious game contains (1) A tool to
control the serious game’s video, the subtitles, and playback. (2) A tool to support motor, sensory,
and cognitive disabilities.
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Figure 5. WCAG 2.1 success criteria vs. critical severity.

The tool in Figure 6 suggested should contain (1) an option to control the serious game’s execution
that allows the configuration of subtitles, descriptions, keyboard, and automatic transcription; (2) the
subtitle settings should include options to manage the position, font, font size, text color, background,
and opacity; (3) an option to configure the serious game’s speed, subtitles, and audio replay in the
application. The user must have the control to manage and customize the speed of video, subtitles,
and audio according to the user’s disability.

Il 9) 00045 / 20502 B A

Figure 6. Accessibility suggestion for serious game control.

Figure 7 suggests including a tool to support users with disabilities that allows voice commands,
and the option for them to use the VoiceOver application that narrates what happens on the screen of
any device; voice assistants are a great help for users with visual or motor disabilities. Another option
is to include a chatbot based on artificial intelligence, which feeds the database as the user learns.
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Figure 7. A tool to configure the options according to the disability of the users.

A system can be included to transcribe the video into text or sign language and transform the text
into sign language for deaf users.

People with motor disabilities usually read the information presented by computer output devices
through the monitor or printer without difficulty, but often have difficulty handling input devices such
as the keyboard and mouse. For people with motor disabilities, filters can be incorporated to facilitate
the use of the keyboard and mouse by a trackball, joystick, buttons, and custom devices.

As additional add-ons, serious games can include changing the language to customize and
choose the audio description and subtitles’ language. Although sign language is not similar globally,
this option should be included to help deaf and dumb users and feed a database with each region’s

166



sign language. Therefore, assistive technologies have become an essential resource to overcome the
barriers of access to digital technologies that positively impact people’s quality of life with disabilities.

7. Conclusions

This heuristic method can be used to evaluate the accessibility of any serious web-based game.
One of these heuristic methods” contributions is to evaluate each barrier by the parameters of
effectiveness, productivity, satisfaction, and security related to impact and persistence. We recommend
reproducing this heuristic accessibility evaluation method for any serious game considering the
accessibility barriers that correspond to the type of motor, cognitive, or sensory disability. The evaluators
identified some critical severity barriers, including the following two. The first barrier with the highest
critical severity is the focus, and the second barrier is the help, both of which are related to the
understandable principle.

These barriers occur when no contextual help is available, and any user interface component
receives the focus but does not initiate a context change. Consequently, the evaluators recommend:
(1) Applying techniques and tools to reduce the barrier help’s critical severity can use clear labels that
can act as contextual help. (2) To reduce the on-focus barrier’s severity, the user interface components
can be implemented as a programmable element to perceive the parts as separate controls. To assess
the accessibility of serious games, evaluators recommend fusing automatic assessment tools with
heuristic methods. One must remember that no instrument can substitute manual assessment by a
serious game accessibility expert. The proposed method can be tested with serious game developers
throughout the software development cycle to identify new barriers and correct them as they are built
to achieve more inclusive applications.

Future research may propose new methods of evaluating multimedia resources concerning
videos and sound recordings; in both cases, a transcript of the dialogues, a description of the sounds,
and control of the playback speed should be provided. However, inappropriate use of multimedia
elements may create a barrier to user access. To achieve more accessible serious games, we suggest
testing with users with sensory, motor, and cognitive disabilities to identify the barriers users face
with disabilities.

Future work should continue to refine heuristic methods related to serious games and socialize
best accessibility practices, designing software that helps experts evaluate serious games” accessibility
by considering this heuristic method and the WCAG 2.1. Furthermore, we propose to survey serious
game developers to find out if they know the WCAG 2.1 and if they have tried to apply some of its
guidelines to design inclusive products that make an essential contribution in the field of accessible
serious games.
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13 Conclusiones y contribuciones

13.1. Conclusiones

La accesibilidad es un area de investigacion esencial que surge de la Web. En los
ultimos anos, se han publicado muchos estudios con un creciente interés en este tema.
En este estudio se pusieron de relieve las tendencias actuales, las cuestiones pendientes
en materia de accesibilidad y se aplicaron las directrices minimas necesarias para el
disenio de juegos serios inclusivos.

Esta investigacion permitié caracterizar el estado de los juegos serios y la accesibili-
dad relacionada con la discapacidad sensorial, motora y cognitiva. Este estudio mues-
tra la necesidad de investigar los problemas relacionados con las politicas, directrices
y practicas de accesibilidad para los juegos serios y las amenazas de transgresiones
cometidas contra la accesibilidad.

A lo largo de esta investigacion, se evaluaron 82 juegos serios relacionados con el area
educativa con un método combinado y 40 juegos serios con el método heuristico para
determinar el nivel de accesibilidad. El método combinado incluyé como parte de la
evaluacion dos herramientas automaticas para valorar el contraste, pues para evaluar
los otros parametros no existe herramienta alguna, por lo cual se aplicé un método
de revision manual considerando los criterios incluidos en la WCAG 2.1. En el método
heuristico, que consiste en la variacion al método de Barrier Walkthrough se aplic6 una
revision manual considerando las barreras de accesibilidad basadas en los criterios de
WCAG 2.1 para usuarios con baja vision.

En esta investigacion se encontré que las empresas desarrolladoras de juegos serios
educativos deben realizar grandes esfuerzos para mejorar e incluir en los disetios los
principios de accesibilidad perceptible, operable, comprensible y robusto. Por otro lado,
es importante motivar y fortalecer las politicas ptblicas relacionadas con la accesibili-
dad de cada pais. En estos tiempos de emergencia sanitaria debido a la pandemia se
esté intensificando la desigualdad académica por las deficiencias de accesibilidad que
presentan los recursos educativos, generando nuevas amenazas. Por tanto, es esencial
velar para que las personas con discapacidad cuenten con los mismos derechos para

173



13 Conclusiones y contribuciones

acceder al uso de los juegos serios utilizados en las plataformas educativas. El enfo-
que combinado y heuristico puede ser replicado para cualquier tipo de juego serio con
usuarios que presentan diferentes tipos de discapacidades.

Para mejorar la accesibilidad en los juegos serios, se propone incluir: 1) transcrip-
ciones automaticas o el uso de bots para transcribir el audio o el video presentando
en los juegos serios, prescindiendo de la intervencién humana, de modo que el usuario
pueda estar asistido por estas transcripciones mientras juega; 2) lenguaje de sefias para
establecer un canal de comunicacién con el entorno social, esta opcién es util para los
usuarios con discapacidades auditivas; 3) control de fotosensibilidad, para configurar
el exceso de luz y brillo, til en usuarios con problemas de epilepsia; 4) dispositivos
externos para permitir la realidad virtual y aumentada, por ejemplo, con la bisqueda
de 6culos el usuario puede lograr una mayor inmersion en el proceso de aprendizaje; y
5) una opcion de ayuda contextual para que los usuarios puedan operar sin perder de
vista lo que estan haciendo. Se encontré que ningtn juego serio entre los seleccionados
ha alcanzado un nivel de accesibilidad aceptable. Por lo tanto, los desarrolladores de
juegos serios deberian hacer esfuerzos significativos para mejorar la accesibilidad de sus
productos. El estudio revel6 que existe una gran cantidad de barreras de accesibilidad
en los juegos serios basados en la Web que transgreden los principios de accesibilidad.

Finalmente, es esencial que la formacion de los profesionales en el area de desarrollo
se software incluya en sus contenidos los criterios contenidos en las WCAG 2.1 desde el
inicio de su formaciéon para concienciar y mejorar las buenas practicas de programacion.
Esta investigacion puede servir como referencia para trabajos futuros relacionados con
el diseno de juegos serios accesibles.

13.2. Contribuciones

Las contribuciones que se presentan en esta investigaciéon permiten compartir el
conocimiento, colaborar y difundir lo encontrado durante todo el proceso del estudio
realizado. Queda mucho por hacer y mejorar en el campo de la accesibilidad en juegos
serios, como se refleja en las conclusiones de los articulos compartidos en el compendio.

Se aporta con dos métodos para la evaluacion de juegos serios accesibles basados en
la Web de tal forma que puedan ser aplicados y replicados en cualquier tipo de juego
serio considerando el tipo de discapacidad y las respectivas barreras de accesibilidad
basadas en los criterios de las WCAG 2.1. Una de las ventajas de esta propuesta es la
concepcion de dos métodos: uno combinado y otro heuristico con el objeto de evaluar
los juegos serios basados en la Web, de tal forma que se facilite la identificaciéon de las
barreras de accesibilidad para los usuarios. Estos métodos estan orientados a que los
evaluadores puedan contar con una aproximaciéon mas realista de la existencia de las
barreras de accesibilidad presentes en las aplicaciones Web y realizar oportunamente
las correcciones pertinentes para mejorar la accesibilidad de los juegos serios basados
en la Web.

Se comparte, como aporte, ademas, una revision de literatura del estado actual de los
juegos serios basados en la Web considerando las discapacidades sensoriales, motoras
y cognitivas, asi como la tendencia al uso de rampas digitales y de tecnologias asistivas
para lograr un mayor nivel de accesibilidad en juegos serios y aplicaciones afines.
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Esta investigacion aporta con varios conjuntos de datos resultado de las evaluaciones
aplicadas, de la literatura revisada y de los documentos de apoyo consultados durante
todo el proceso de investigacion para proponer los métodos combinado y heuristico
que permitan evaluar la accesibilidad de los juegos serios, pues en la actualidad no se
cuenta con herramientas de revision automética. Los conjuntos de datos compartidos
documentan las barreras encontradas y la frecuencia de repeticion de estas, de tal
manera que premitan alertar a los disenadores y desarrolladores de juegos serios basados
en la Web sobre los problemas de accesibilidad que presentan este tipo de aplicaciones,
apoyandoles en la construccion de juegos serios mas inclusivos y accesibles. Es asi
que, se considera que la informacion abierta del conjunto de datos puede acelerar los
procesos de investigacion. Finalmente, los datos abiertos permiten a los investigadores
académicos e industriales unir esfuerzos para hacer nuevos descubrimientos cientificos
que pueden generar un mayor impacto en el area de la educaciéon relacionada con los
juegos serios accesibles.
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14 Trabajos futuros y
recomendaciones

14.1. Trabajos futuros

Como trabajos futuros sugerimos continuar analizando la evolucion de la accesibili-
dad de los juegos serios en el campo educativo, pues los juegos serios ofrecen experien-
cias interactivas que se pueden adaptar al contexto de los usuarios para mejorar los
procesos de aprendizaje. Por esta razon es esencial que este tipo de aplicaciones sean
accesibles para todas las personas.

Se sugiere replicar los métodos combinado y heuristico propuestos en esta investi-
gaciéon para diferentes tipos de usuarios, considerando las barreras de accesibilidad de
acuerdo con el tipo de discapacidad sensorial, cognitiva y motora con el propoésito de
construir juegos serios mas inclusivos.

14.2. Recomendaciones

Se recomienda construir una herramienta de software que aplique las pautas de la
WCAG 2.1 para apoyar a los desarrolladores de juegos serios; asi como realizar una revi-
sién de la literatura sobre la accesibilidad de los juegos serios para aplicaciones moéviles
y de computadora considerando las discapacidades sensoriales, motoras y cognitivas.

Se sugiere reunir y difundir las buenas practicas en el diseno de juegos serios accesibles
que permitan aprender de distintas experiencias, asi como promover soluciones efectivas
e innovadoras que aporten a la investigacion y a las politicas publicas de cada pais.
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A Articulos de apoyo

Durante el doctorado se realizaron varias publicaciones, no se incluyen estos articu-
los en el compendio con el fin de garantizar la unidad tematica de los documentos
presentados.
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B Improving the Performance of
Web Servers for Educational
Multiplayer Serious Videogames

Referencia:
Salvador-Ullauri, L. and Lujan-Mora, S. and Acosta-Vargas, P. (2016). Improving the

Performance of Web Servers for Educational Multiplayer Serious Videogames. En: In-
ternational Conference on Education and New Learning Technologies (EDULEARN16)
(pp. 8000-8010). IATED. (Salvador-Ullauri, Lujan-Mora, y Acosta-Vargas, 2016b)

Disponible en:
» https://library.iated.org/view/SALVADORULLAURI2016IMP

» https://doi.org/10.21125/edulearn.2016.0756

Temas a los que aporta:

1. Caracterizacion de los problemas de accesibilidad en juegos serios desarrollados
para trabajar sobre la Web.

2. Identificacion de los requisitos de accesibilidad en juegos serios, caso especifico
en servidores Web educativos.

3. Evaluar el nivel de accesibilidad de los juegos serios educativos.
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Abstract

In this paper, we present a set of features for managing web servers that host Accessible Online
Serious Videogames. Serious videogames are games that are developed to be used on instructional
challenges over several academic topics. With this set of features, the web servers are customized to
improve the user experience of learners with disabilities in the interaction with online serious
videogames according to their needs. Besides, we also identify and discuss rules about the study of
the increment of the performance of the web servers that require interchange of information to
implement concurrent access to data. The impact of the performance of web servers has been studied
and documented over the last few years.

This study focuses on answering selected questions over methodological guidelines and it suggests
ways that can contribute to the institutional strategies related with loading of data from online
videogames adding new ideas, but maintaining and respecting the guidelines of the company. We
outline the best practices found in our experience over online videogames development and several
trends related to the managing of information of each instance of the videogame. Besides, we explain
how to write local tests for tracking statistics and locating problem areas.

The concept of serious videogames previously did not exist in Ecuador, but there were examples of
Ecuadorian games that could be considered as serious games. Several software have been
developed in the classroom. Software also has been developed for the learning of programing
languages and basic concepts of computer sciences. This software enables the learner to gain
knowledge of programming through gaming development, but it is required that the performance of the
communications between instances of our videogames that run online, have to be improved.
Therefore, we expect to improve the performance of this software, optimizing the configuration of the
web servers, changing the main parameters related with transfer of data and timeouts.

Web server simple configuration does good jobs for simple applications. However when many
connections are needed to be handled, it may soon reach the limits of the resources in the web server.
We research how to enhance the performance of web server to host online multiplayer serious
videogames.

Keywords: Innovation, e-learning, technology, videogames.

1 INTRODUCTION

Nowadays, videogame trend is one of most important industry branch of the software development. A
variety of themes are used in videogames. Videogames can be used as an education method. The
use of videogames can help to improve the teaching and learning process. They can be used to teach
computer sciences to the students of different education’s levels. They can also be used to improve
the understanding of how current technology works. It's important to take into consideration that there
are many kinds of videogames, and that it is difficult to decide which of these has to be applied in
order to reach the goals suggested in the different educative models. The intervention of each student
in this process is to help other students reach their goals.

The teamwork of each student is important in order to support the learning of the classroom. The
development of multiplayer videogames, may integrate the abilities of heterogeneous groups of
students in the construction of tools that might help other people to improve their coexistence, and
resolve their individual learning problems.

Commercial Multiplayer videogames, allow the gathering of many players who share their experiences
to help other gamers with the difficulties and challenges proposed by the thematic of the videogame.
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C Development of Serious Games
Using Automata Theory as
Support in Teaching People with
Cognitive Disabilities

Referencia:
Salvador-Ullauri, L. and Lujan-Mora, S. and Acosta-Vargas, P. (2016). Development
of serious games using automata theory as support in teaching people with cognitive
disabilities. En: 9th Annual International Conference of Education, Research and In-
novation (ICERI2016) (pp. 4508-4516). IATED. (Salvador-Ullauri y otros, 2016a)

Disponible en:
= https://library.iated.org/view/SALVADORULLAURI2016DEV

» https://doi.org/10.21125/iceri.2016.2067

Temas a los que aporta:

1. Caracterizar los problemas de accesibilidad en juegos serioseducativos.

2. Identificacion de los requisitos de accesibilidad en juegos serios, caso especifico
para personas con discapacidades cognitivas.

3. Evaluacion del nivel de accesibilidad de los juegos serios para personas con dis-
capacidades cognitivas.
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Abstract

In this article, it is presented our experience in the use of the automata theory in the development of
serious videogames oriented to people with special necessities. Serious videogames were developed
to be used in virtual platforms in order to ease the learning of basic concepts about the management
and attending of tiny business for people with disability for understanding. The serious videogames
were created using finite state machines in order to represent the special use cases in the operation
and management of a tiny business. The logic of the finite state machines is stored in arrays
considering the variables: events, states and calendars. The serious videogames permit to the
students that they decide several strategies of resolve defined problems. The videogames are used to
evaluate the degree of acceptance of the selected solution by of the student, and they suggest
methods to improve the manner of to do the assigned tasks. Besides, the students obtain of the
videogame, samples of gratitude instead of money, when they use available tools in correct manner.
However, a tiny quantity of money is accredited to their virtual wallets in order to help in the buy of
food (represented by quantity of live) and transportation (represented by scenes of mobility in a virtual
city). Other experiences are described. These experiences include the analysis of the topics
considered to generate the motivational environment of the serious videogames. Four important
concepts are described. These concepts have relation with the treat to the clients, the timely use of
business resources, the time used to do the assigned tasks and the necessity of solicit help of other
institutions, business and other people. The objective of this work is to use new technology tools in
order to teach to the people with disability of understanding about the essential elements of the world
of the commerce. The serious videogames consider three stages. The first stage is specially oriented
to develop the memory of the students. The purpose of the second stage is improved the
understanding of the students. Finally, the last stage is used to obtain of the students an acceptable
grade of collaboration in the work and tasks to be performed in tiny business. Many conclusions are
exposed, and results of the use of serious videogames with several students group are presented.
New threads are suggested to start investigations in the use and develop of serious videogames in
order to they can be incorporated to virtual e-learning classrooms.

Keywords: e-learning, serious videogames, automata theory.

1 INTRODUCTION

The automata theory permits the use of finite state machines. The finite state machines can be used
to determine if a set of words are part of a specific grammar. If each letter of each word is associated
to an action and each word is associated to a sequential procedure, then, we can have a group of
valid procedures stored in matrixes. In this article we show, our experience in defining a group of tasks
which will have to be executed to accomplish an effective procedure. These tasks are stored in
matrixes and are identified with numbers. Each performed task produces the change of state of a
specific procedure. The correct culmination of an entire procedure is considered how the execution of
a valid procedure. A valid procedure is a valid word in the defined grammar. Initially, tiny and simple
tasks are defined to identify the ability of the users to memorize and understand the sequence of task
that are part of a procedure [2]. Then, in more advanced levels, complex procedures can be specified
and tested by the users of a computational program transformed in a funny serious game. The
simplest method is a sequential procedure, but more complex methods can be specified. That permits
to define valid procedures that might be performed with task in different sequences. The purpose of
these computational applications is to illustrate how to perform certain tasks by using the computer as
a teaching media through serious videogames. The users can use the keyboard or a mouse to specify
what task has to be performed in a determined process, and the computer will respond with a
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