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ABSTRACT

The Universal Declaration of Human Rights stipulates that receiving education is a human right
that is firmly embedded into today’s society (UNESCO, n.d.). Education is constantly evolving,
making increasingly use of audiovisual learning materials, including video games (Kirriemuir &
McFarlane, 2003; Rieber, 2005; Taylor, 2023). These educational video games—a subgenre of
serious games—have now laid the foundations of game-based learning (Becker, 2021).
However, this tendency brings about the challenge that the game content has to be made
accessible and understandable to all users, regardless of circumstances or age (Bierre et al.,
2005; Hersh & Leporini, 2013; Pefia-Miguel & Sedano, 2014). This way, educational games can
function as a tool to comply with the human right of education (Rueda & Cerero, 2021;
Salvador-Ullauri et al., 2020a). Although work by Greco (2018), Hersh and Leporini (2013) and
Torrente et al. (2014), stress a social viewpoint in which the product’s content is to be made
accessible, game accessibility guidelines still lack consistency (Larreina-Morales, 2023). Not
only do these guidelines have different approaches and purposes (Larreina-Morales, 2023),
they are often applied to commercial games and pay little, if any, attention to educational
games, which may very well have different accessibility requirements (Salvador-Ullauri et al.,
2020b). As a result, many pupils are still being stigmatized because of the temporal and/or
permanent barriers they face when accessing educational gaming content (Hersh & Leporini,
2013; Mangiron & Zhang, 2016). Therefore, the aim of this dissertation is to research what
possible accessibility barriers exist in video games and how to overcome them, followed by an
analysis of the educational video game Immune Patrol, developed by the World Health
Organization (Copenhangen Game Lab, n.d.). The dissertation draws on a number of existing
accessibility guidelines to examine the current level of the game’s accessibility and offers
solutions where needed. The study shows that accessibility has not been considered at the
onset of the game design, since Immune Patrol does not yet provide accessibility measures
for the visual, aural, and tactile channel, the three channels it uses to transmit information
(Mejiias-Climent, 2021). In consequence, visual, aural, tactile, linguistic, and textual barriers
are immanent to the product. The four basic accessibility features—subtitling, text scaling,
color blindness settings and remapping (Game accessibility guidelines, n.d.-c)—are missing in

the game. Furthermore, the game offers its video content—animated videos—through



YouTube, meaning that available accessibility measures are provided by the online platform
only. As such, these measures are not offered by Immune Patrol itself through in-game
accessibility tools. Moreover, the absence of accessibility features may cause the loss of a
multisensory experience (Edwards, 2018b) and the unavailability of accessing characteristic
features of educational games that contain scientific information—features that are part of
Immune Patrol. The dissertation ends with some points of interest for future research and
adaptions for Immune Patrol, including the need for user opinions (Larreina-Morales, 2023)

after accessibility measures have been taken.
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1. INTRODUCTION

The importance of education is firmly embedded in today’s society (UNESCO, n.d.). Indeed, to
receive education is therefore a human right, as set out by the Universal Declaration of Human
Rights (UNESCO, n.d.; United Nations, 2015). This means that any person—regardless of their
social, economic, cultural, physical, or mental background—has the right to learn (United
Nations, 2015). UNESCO (n.d.) describes education as “one of the most powerful tools” when
it comes to marginalized and excluded groups of both children and adults in poverty and

underlines its great importance in bridging the gap to other fundamental human rights.

Since education is such an important tool in our lives, it is also constantly evolving and
adapting (Rueda & Cerero, 2021; Taylor, 2023). For instance, in the 21 century, an era of
modern technology, the use of audiovisual materials has become widespread in various
contexts, including education (Kwegyiriba, et al., 2022; Selwyn, 2013). For instance, most
pupils and teachers are nowadays familiar with projectors, visuals, the internet, and
computers (Raja & Nagasubramani, 2018). Due to this trend, the concept of multimedia
learning has become a part of education (Rieber, 2005), as it stands for “multiple modes that
include visual and auditory information and student use of this information to construct
knowledge” (SEG Research, 2008, p. 1). Apart from more traditional learning methods and the
previously mentioned digital resources, video games are becoming another modern
technology that is used in education (Marti-Parrefio et al., 2018; Rueda & Cerero, 2021). These
games aim to offer pupils a motivational and pleasurable learning experience (Marti-Parrefio
et al., 2018), supporting multimedia learning through the use of visual and aural content (SEG
Research, 2008). In addition to the positive effect of video games on pupils’ motivation (Pefia-
Miguel & Sedano, 2014), this multimedia learning also helps with information processing and
pupils fulfill a more active role, as they interact with the learning software (Rieber, 2005; SEG
Research, 2008). The Covid-19 pandemic is another clear example of rapid changes in
education, as schools had to close and offer online solutions (European Education and Culture
Executive Agency et al., 2022). Not only did teachers and pupils use computers to overcome
these difficulties, but the World Health Organization also developed an educational video

game for children aged 10 to 12 in light of this crisis (WHO, 2023). The aim of the game is to



teach children about viruses, the immune system, and infectious diseases, partly with the
Covid-19 pandemicin mind, through images, text, and animated YouTube videos (Copenhagen

Game Lab, n.d.).

Now that game-based learning, as an emerging field, is becoming increasingly popular in
education (Becker, 2021; Begg, 2008), the trend also brings with it the challenges of making
its content—in the form of video games—accessible and understandable to all pupils in any
situation and of any age as a tool to comply with the human right of education (Bierre et al.,
2005; Pena-Miguel & Sedano, 2014; Salvador-Ullauri et al., 2020a; UNESCO, n.d.). It is
therefore essential that pupils can access information provided by video games used in
education, as it is part of their curriculum, sets learning goals and provides them with
knowledge that is relevant outside the classroom (Copenhangen Game Lab, n.d.; Zyda, 2005).
However, many pupils are still being stigmatized as various barriers impede them from
accessing educational gaming content (Hersh & Leporini, 2013; Mangiron & Zhang, 2016).
Therefore, due to the diverse and wide-ranging audience that uses video games nowadays,
the concept of video game accessibility was introduced (Hersh & Leporini, 2013; Pallavicini et
al., 2018). Video game accessibility implies that anyone should be able to play a game, even
when faced with permanent and/or temporal barriers (International Game Developers
Association, 2004). Although various sources, including work by Greco (2018) and Hersh and
Leporini (2013), argue for the adaptation of a social viewpoint which starts from the product
and aims to make its content accessible to all, many game accessibility guidelines still take on
diverse approaches and purposes (Larreina-Morales, 2023). This makes it hard for game
developers to decide which guideline to follow (Larreina-Morales, 2023). Moreover, these
guidelines are often designed with commercial games in mind, as designers of educational
video games are not generally concerned with accessibility at the game’s design phase
(Aguado-Delgado, et al., 2020; Salvador-Ullauri et al., 2020b), although Grammenos (2014)
argues for accessibility-making at the start of the development process. In consequence, this
lack of common ground still causes many educational games to not be accessible to their users

(Grammenos, 2014; Yuan et al., 2010).

The aim of this study is to formulate solutions to make the game content of the educational

video game Immune Patrol accessible to its users. Although there is a lack of consistent



existing guidelines specifically aimed at educational video games (Larreina-Morales, 2023;
Salvador-Ullauri et al., 2020b), it is characteristic to video games that game and player interact
through three main information channels (Mejiias-Climent, 2021). These are the visual, aural,
and tactile channels (Mejiias-Climent, 2021). However, these three channels all create
possible barriers, such as visual, aural, tactile, linguistic, and textual barriers (Grammenos,
2014). In this dissertation, | want to study whether and to what extend the game’s three
information channels have already been made accessible and what other measures can be
taken to increase its accessibility. Therefore, the research question of this dissertation is: in
what ways have or can the different information channels in the educational game, Immune

Patrol, be made accessible to pupils?

In order to provide an answer to this question, several steps will be taken. Firstly, chapter 2
will provide a brief overview of the current popularity and widespread use of video games to
stress their relevance, followed by an explanation of the subgenre of serious games,
concentrating on what they are and the different contexts in which they are used. In addition,
several advantages of serious games are underlined. Given that Immune Patrol is an
educational video game, the focus of the study will narrow down to serious games applied in
an educational context—called educational video games. Based on previous studies, the
dissertation considers several definitions of serious games in an educational context to
emphasize the importance of their motivational purposes, supporting the claims that serious
games—and educational games in particular—ought to not only train and educate learners,
but also engage them (de Freitas & Liarokapis, 2011; Grammenos, 2014). To further underline
their significance, multimedia learning and its advantages are considered as well, followed by
a section that elaborates on scientific information in serious games and how this information
is presented in an understandable way. Next, in chapter 3, the focus will shift to accessibility—
video game accessibility, specifically—to investigate what research on the topic has already
been done, as it is essential to make audiovisual (educational) content accessible to pupils
(Chakraborty et al., 2014; Hersh & Leporini, 2013). The chapter examines the medical and
social approach on accessibility and explains why the dissertation takes on the latter view
(Hersh & Leporini, 2013), followed by a brief overview of universal game design in chapter 4.
Then, the audiovisual nature of video games is discussed in chapter 5. This chapter aims to

explain the three main information channels of video games. These are relevant for the
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analysis in chapter 8. Afterwards, in chapter 6, accessibility is looked at in more detail from a
medical viewpoint—to better understand different impairments—and through a social
viewpoint. Drawing on existing literature and guidelines, the chapter then provides solutions
to overcome visual, aural, tactile, linguistic, and textual barriers. The literary research ends
with a short summary of the main findings, which will be used to analyze Immune Patrol. The
methodology is explained in chapter 7, followed by the analysis in chapter 8. Since the analysis
is split up in numerous subcategories with barriers often specific to one item, accessibility
solutions are already discussed in the analysis in order to keep a clear overview. However, a
brief summary follows in chapter 9. It repeats the main findings, but it also underlines research
limitations and offers suggestions for further investigations. Finally, chapter 10 ends with the

conclusion and some recommendations for future research.

2. VIDEO GAMES

Video games are often associated with entertainment and, on many occasions, the believed
main target audience are children and young adults (Pallavicini et al., 2018). Interestingly
enough, due to recent developments, this is no longer the case. Video games are now enjoyed
by a very broad audience instead of only selected groups of people (Mangiron et al., 2014;
Pallavicini et al., 2018) and this new tendency reveals the ongoing and increasing presence of
gaming in our everyday lives, also referred to as ‘gamification’ (de Freitas & Liarokapis, 2011).
Moreover, gaming is no longer exclusively aimed at entertaining but also at motivating and

training, bringing forth a new game genre known as serious games (Michael & Chen, 2006).

2.1 THE NATURE AND USE OF VIDEO GAMES

Video games center around experience, engagement, and immersion, making them a
captivating activity to many people (Cardona-Reyes et al., 2021). Mejiias-Climent (2021) writes:
“video games display an essential ludic intention from which their name originates: video
(media) and game (human ludic activity)” (p.3), although some games provide more than

merely pleasure and joy. For many people, video games have now become an important and
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indispensable part of their daily lives, so when talking about video games, people can easily
explain what they mean or they have at the very least heard of them (Pallavicini et al., 2018).
Itis no longer so that only certain niche groups, such as hardcore gamers or specific age groups,
use video games as a pastime and means of enjoyment (Mangiron et al., 2014). Moreover,
video games are increasingly fulfilling other purposes in various sectors besides entertainment,
including education and health (Mangiron et al., 2014; Yuan et al., 2010) and their broad
application can be further demonstrated by the fact that they are also used more often in
areas such as the military field (Susi et al., 2007). America’s Army, for instance, is a military
game designed by the U.S. Army to inform and educate recruits about policies in the army
(Huntemann & Payne, 2009). However, despite their growing importance and diversified
application in modern times, it is a harsh truth to know that many people still face difficulties
when playing video games, regardless of genre or aim (Yuan et al., 2010), or that they are
unable to access the provided information offered through the different semiotic channels

(Torrente et al., 2014).

With the ongoing rise of educational games centered around game-based learning (Becker,
2021; Begg, 2008), the present dissertation will make a clear distinction between two main
categories of games: commercial video games and serious video games. The following section
will sketch a brief overview of the rising popularity of the industry, including some information
on commercial video games. After that, the dissertation will go into more detail about how
serious video games are used in an educational context specifically, outlining their learning
advantages, to later focus on the even more pressing importance of accessibility in these
games, considering the potential benefits they can have as an inclusive teaching tool (Hersh

& Leporini, 2013; Rueda & Cerero, 2021; Salvador-Ullauri et al., 2020a).

2.2 THE GROWING POPULARITY OF THE GAMING INDUSTRY

When one thinks of video games, one may automatically recall certain brands of popular
entertainment consoles such as Nintendo, PlayStation, or Xbox. According to the
Entertainment Software Association (ESA, 2022), two thirds of Americans play video games.

That is over 215 million people in the United States alone. However, the use of video games
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stretches much further than the American continent, as it has turned into a worldwide
phenomenon (Costales, 2014; Mangiron, 2012). Areport by Cardona-Reyes et al. (2021) shows
that by the end of 2022, the gaming industry will have reached an estimated revenue of 196.0

billion dollars and is growing each year, as shown in the image below (Wijman, 2019).
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Figure 1: Annual growth rate of the total video game market, Wijman T. © 2019 Newzoo.

Not only its revenue is impressive, also the number of people who play video games is
characteristic of the popularity of the industry. In 2020, this number reached around 2.7 billion
(Wijman, 2020), proving that the ‘gamification’ of society can no longer be denied (de Freitas

& Liarokapis, 2011).

This ubiquitous presence of ‘gamification’ in our lives has also paved the way for the utilization
of games in contexts other than entertainment, such as the development of games that are
designed to fulfill educational purposes (de Freitas & Liarokapis, 2011), which will be discussed

in the following section.

2.3 SERIOUS GAMES AND THEIR BENEFITS TO LEARNERS

As already mentioned in the previous sections, various studies showed that games and gaming
features used for training and learning is increasing, with a specific emphasis on their
appliance in educational contexts (National Research Council, 2011; Torrente et al. 2014; Yuan

et al., 2010). These games are called serious games. The use of these games encompasses a
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form of entertainment but also training in different areas such as the medical, technical, or
industrial field (Mejiias-Climent, 2021). In their study on serious games, Susi et al. (2007) state
that there are a lot of concepts and domains that are associated with the term or sometimes
even used in an overlapping manner, with the term edutainment also being used to refer to
serious games as an example. However, according to Michael and Chen (2006) and Susi et al.
(2007), serious games go further than mere edutainment—which centers around the idea that
the user’s motivation increases with the pleasure of the experience (Pefa-Miguel & Sedano,

2014)—and instead comprise all educational aspects.

There is, however, no single established definition of what a serious game is, and most sources
offer only vague descriptions, though the term became widespread with the development of
the Serious Games Initiative (SGI) (Susi et al., 2007). The SGI refers to serious games as: “uses
for games in exploring management and leadership challenges facing the public sector. Part
of its overall purpose is to help forge productive links between the electronic game industry
and projects involving the use of games in education, training, health, and public policy”
(Center for Digital Games Research, n.d.), supposedly including no form of entertainment.
Conversely, although further research is needed on the effectiveness of serious games, more
and more studies show that serious games do engage learners of all ages despite their serious
nature (de Freitas & Liarokapis, 2011; Kato, et al., 2008). They provide high levels of motivation
and transmit topics and facts in a very efficient way (Pena-Miguel & Sedano, 2014). Torrente
et al. (2014) even stress that serious games must capture the learner’s attention in order to
create motivation to begin or do a certain task. A clear example is the following definition by
Zyda (2005), who describes a serious game as “a mental contest played with a computer in
accordance with specific rules that uses entertainment to further government or corporate
training, education, health, public policy, and strategic communication objectives” (p. 26),
therefore underlining that although one of their purposes is to improve understanding,
serious games still create a feeling of amusement, offering users a pleasurable and
motivational experience (Acosta-Vargas et al., 2020). What makes serious games ‘serious’ to
Zyda (2005) is the addition of activities that help learners to develop new skills or knowledge
by instructing or teaching—pedagogy. Video games can also arouse competing desires among
players (Chakraborty et al., 2014), which sounds promising when it comes to interaction and

cooperation among pupils. More probable benefits have to do with the recognition of
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problems and solving them, decision-making, and even the improvement of memory (de
Freitas & Liarokapis, 2011). Begg (2008) and Sugimoto (2007), too, point to this valuable
combination of education and entertainment. Begg (2008) explains that educational video
games, specifically, contain a form of game-informed learning, which seeks a way to maintain
engagement and motivate players to replay or redo different tasks. Whereas game-based
learning aims for the use of games for learning (Becker, 2021), game-informed learning adds
playful elements—entertainment—to these games, often based on a narrative scenario in

which the player fulfils an active role (Begg, 2008).

Educational games fall under this category of serious games, but the biggest difference within
this subcategory is that educational games are developed explicitly with one or more learning
goals in mind, whereas serious games in general can be designed for various educational
purposes, for instance to inform, to create changes in behavior or to raise understanding
(Becker, 2021). Educational video games also share a lot of similarities with (interactive)
multimedia learning (Rieber, 2005). Multimedia learning refers to the idea that people learn
better from words and images than merely words in their own right (Mayer, 2005; SEG
Research, 2008). This has to do with the fact that information processing takes place through
two channels, namely the aural and the visual channel (Barak & Dori, 2011; Mayer, 2005).
Information that is heard is processed by the aural channel, whereas information that is
seen—such as images—falls under the visual channel (Gambier, 2019). Thus, by adding images
to text, and as such combining different learning channels, learners will be able to visualize
certain concepts—often abstract in nature, which can make understanding harder, as
explained in the ICC-project by Vandenbroucke et al. (2022)—more easily (Barak & Dori, 2011).
In this sense, educational video games do fall under multimedia learning (Barak & Dori, 2011;
Rieber, 2005) as they use a visual and aural channel to transmit information (Gambier, 2019).

This will be discussed in more depth in section 5. The Audiovisual Nature of Video Games.

2.4 SCIENTIFIC INFORMATION IN EDUCATIONAL VIDEO GAMES

Immune Patrol, the educational video game that will be analyzed in this dissertation,
specifically contains scientific information on health education (WHO Regional Office for

Europe, 2022a). When defining educational games centered around science, the National
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Research Council (2011) writes: “these games are designed to accurately model science or
simulate scientific processes, and interactions within the virtual world of the game are
governed by established scientific principles” (p. 10). Firstly, according to Eshach and Fried
(2005), science adds to conceptual knowledge, meaning that children will better understand
the world when they also understand specific scientific concepts. In the case of health
education, children might better grasp the reality of the recent Covid-19 pandemic when they
have learned about diseases and viruses or contamination, which is information the game
Immune Patrol provides (Copenhagen Game Lab, n.d.; WHO, 2023). Secondly, scientific
knowledge also nourishes children’s general skills in domains other than science alone (Eshach
& Fried, 2005). For instance, learning about science teaches children to be more critical and
think analytically (Eshach & Fried, 2005). Avci and Kamer (2018) found that science teachers
believed decision-making, analytical and creative thinking, teamwork, and communication
were some of the skills that could be obtained through science classes, and the research also

highlights that teachers are of great importance in helping pupils to obtain these skills.

In health education games, a popular phenomenon contributing to pupils’ engagement in
science is the use of virtual patients to create a narrative scenario (Begg, 2008; Ellaway et al.,
2009). Virtual patients are: “An interactive computer simulation of real-life clinical scenarios
for the purpose of medical training, education, or assessment” (Ellaway et al., 2006, p. 2).
These patients have detailed background information, thus making them seem more realistic,
and activities may include diagnoses and treatments (Ellaway et al., 2009). In science games,
virtual laboratories and environments can also be present, which adds to their value when
teachers face logistic difficulties (National Research Council, 2011). Moreover, science often
deals with very abstract concepts that are hard to visualize or grasp (Barak & Dori, 2011;
Vandenbroucke et al., 2022) and all of these possibilities help pupils to “visualize, explore, and
formulate scientific explanations for scientific phenomena that would otherwise be
impossible to observe and manipulate” (National Research Council, 2011, p. 20). Thus, in
addition to the main goal of creating motivation, the game also sets a learning goal (National
Research Council, 2011). As an example, the National Research Council (2011) talks about
WolfQuest Episode 1, in which the game aims to teach users about wolves and their habits by

stimulating their curiosity.
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Furthermore, research by Barak and Dori (2011) indicates that animations, such as animation
movies, help pupils in their scientific thinking and increases their curiosity. BrainPOP is a good
example of this. BrainPOP (n.d.) is a learning resource that combines animation, games, and
activities in order to engage pupils and explain concepts to them, aiding their learning process.
In the previously mentioned research by Barak and Dori (2011), these animated movies can
be used in various ways: as an introduction video to attract attention or to summarize the
topic of the day, used later during the class to make learners gather information, or in a
concluding manner at the end of a topic. Research results in fifth grade showed an increase of
16.4% in conceptual understanding of science in pupils compared to the control group after
working with the animations of BrainPOP (Barak & Dori, 2011). Animation videos are also used

in the game Immune Patrol (Immune Patrol, n.d.).

In conclusion, despite the fact that there are still many ongoing discussions on what the exact
purposes of serious games and educational video games ought to be (Susi et al., 2007), the
recognition of the advantages of video games and the multifaceted purposes of game-based
learning is increasing in education (Becker, 2021; Begg, 2008; Grammenos, 2014; Rueda &
Cerero, 2021). To summarize, serious games and educational video games for science—and
health in particular—not only offer the possibility to visualize abstract concepts or scientific
knowledge (National Research Council, 2011), but their purpose can also be implemented into
learners’ daily lives as these games help develop children’s general skills and understanding
of the world (Barak & Dori, 2011; Eshach & Fried, 2005). This recognition makes the need for
them to be accessible of vital importance, higher even when it comes to games fulfilling purely
entertainment purposes (Grammenos, 2014; Hersh & Leporini, 2013). Another reason, apart
from the way educational video games can help learners to learn (Begg, 2008), revolves
around the gaming audience. The serious games’ market has become very broad and now
includes both experienced gamers and a general audience of ‘learners’ who would not
necessarily be gamers, but who all need to be able to play the game (Pallavicini et al., 2018;
Susi et al., 2007). Also, access to educational technologies can have a serious impact on the
future of every person, specifically on the opportunities of individuals with limited access
(Grammenos, 2014; Hersh & Leporini, 2013). It is therefore highly important that these games
are accessible to all pupils so as not to stigmatize disabled (or minority) learners, making it

impossible for them to receive parts of their education (Hersh & Leporini, 2013; Pefa-Miguel
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& Sedano, 2014). This need for serious games to be made accessible, will be further discussed

in the next section.

3. ACCESSIBILITY

Accessibility means that products, services, and environments are made in such a way that
they are understandable to all people and that every individual is able to use them (Aguado-
Delgado et al., 2020). Mangiron (2012) mentions that concepts such as “access, within reach,
easy to communicate or deal with, capable of being used or seen, being understood or
appreciated” (p. 45) can all be linked to media and modern technologies, referring to media
accessibility. More specifically, media accessibility makes products that include audiovisual
media content accessible to users (Greco, 2016). Although media accessibility is still looked at
from very different points of view (Greco, 2018; Greco & Jankowska, 2020) and game
accessibility in particular is prone to two very different approaches when it comes to game
development (Mangiron & Zhang, 2016), research on media accessibility is increasing due to
the focus on a more inclusive society and several universal rights (Aguado-Delgado et al., 2020;

Greco, 2016). This will be discussed in the following sections.

3.1 MEDIA ACCESSIBILITY AND HUMAN RIGHTS

Traditionally, media accessibility adopted a ‘disability focus’ as a starting point when
examining accessibility (Greco, 2016). This means the focus was on a specific disability and
ways to solve it, as such creating a very staggered approach, rather than a ‘universalist’ view
derived from human rights, which starts from the product and aims at making it accessible to
all (Greco, 2016; Greco, 2018; Mangiron & Zhang, 2016). Taking human rights as a starting
point when considering accessibility gives way to various arguments and interesting
observations. Greco (2016) states that human rights are now deeply embedded in the life of
every individual. The European Accessibility Act (European Commission, 2019) offers a clear
elaboration on the fact that being able to access information, services and products is a human

right and specifically adds the right to access audiovisual media services. Another significant
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human right is the right to receive education, as set out by the Universal Declaration of Human
Rights (UNESCO, n.d.; United Nations, 2015), which underlines that any person—regardless of

social, economic, cultural, physical, or mental factors—has the right to learn.

There are, nevertheless, still ongoing discussions on whether accessibility is a human right per
se or rather a tool to receive human rights, feeding the occurrence of two groups of scholars:
those adapting a staggered approach on accessibility and those taking on a more universalist
approach (Greco, 2018; Greco & Jankowska, 2020). The former applies accessibility to specific
groups of people or barriers, mostly sensorial barriers, whereas the latter defines accessibility
as a broad concept and as a tool to guarantee the human rights of every individual (Greco &
Jankowska, 2020). Although both movements are still present today, the universalist account
is undergoing an upward trend since the particularist approach is very limited on both
modalities and audiences (Greco & Jankowska, 2020). Grammenos (2014) also defines
accessibility in @ much broader sense, referring to it as “providing any person access to
something” (p. 22). Therefore, this universalist approach is “steadily grounded within the
instrumental view of accessibility and does not limit itself to any specific group” (Greco &
Jankowska, 2020, p. 64). As a result, more research now “adopts a holistic approach in which
media accessibility does not tackles [sic] exclusively sensorial barriers” (Media Accessibility
Platform, 2017). In this sense, instead of making a person’s disability the cause of the
disadvantage from a medical point of view, it is more fitting to start from a social model in
which different barriers created by society are the issue, not the person experiencing them
(Hersh & Leporini, 2013). This means that the different needs people have are merely part of

human diversity (Greco, 2016; Greco, 2018; Hersh & Leporini, 2013).

3.2 MEDIA ACCESSIBILITY IN VIDEO GAMES

Video games, too, are a type of audiovisual media—that everyone should be able to access
(European Commission, 2019). Therefore, video games play a vital role in today’s society when
it comes to cultural or leisure activities (Greco & Jankowska, 2020) but also learning purposes
(Grammenos, 2014). However, this growing prominence in audiovisual content brought with
it the risk of exclusion, segmentation, or stigmatization due to its diverse audience (Costales,

2014; Hersh & Leporini, 2013; Mangiron, 2012), raising more awareness to its connection with
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human rights (Greco & Jankowska, 2020). Nonetheless, there is still a major gap in research
on accessibility in video games (Chakraborty et al., 2014) and the existing research is often
very partial (Mangiron & Zhang, 2016). What makes this gap even wider, is the fact that
current guidelines take on different approaches and can vary in purpose, therefore
recommending both similar and differing solutions (Larreina-Morales, 2023). As a result, this
tendency makes it challenging to pick a single guideline when working on or analyzing
accessibility in video games (Larreina-Morales, 2023). Moreover, many of these guidelines
have not been designed with educational games in mind (Salvador-Ullauri et al., 2020b).
Companies such as Microsoft now do offer their own specific accessibility guidelines, but they
also note that the industry is still at an initial phase (Microsoft, 2023). A work of interest are
the Game accessibility guidelines, providing accessibility references on basic, intermediate,
and advanced level related to how much work and adaptations are needed (Game accessibility
guidelines, n.d.-c). The living document also offers an Excel checklist on all three levels (Game
accessibility guidelines, n.d.-c). The guide explains that basic accessibility features refer to
adaptations that are applicable to most games, with remapping (reconfiguration of controls),
text size, adaptations for color deficiencies and the way subtitles are the main considerations
to include in order to already make a noticeable change (Game accessibility guidelines, n.d.-
c). Still, according to Grammenos (2014), many games have been and are still being developed
on the ‘myth of the average player’ or the process of development focuses firstly on
developing the game to only later find out what the problems are. Although guidelines on
accessibility in (commercial games) are still very limited, interest on academic and
development levels is rising in the last ten years (Grammenos, 2014; Porter & Kientz, 2013).
For instance, a recent work by Larreina-Morales (2023) centers around the development of a
game analysis tool based on two steps: a checklist on game accessibility features that
integrates existing guidelines, followed by user reviews. This way, the paper lays emphasis on

the key role of users in the design of accessibility features in games (Larreina-Morales, 2023).

In general, there is a clear tendency when it comes to the level of accessibility in the different
games that are developed. Often, there are mainstream games that do not take accessibility
into account or only under limited considerations (Grammenos, 2014). The second group can
be described as specialized games that are made accessible only to specific users, often to

people with impairments, feeding stigmatization (Grammenos, 2014; Mangiron, 2012; Porter
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& Kientz, 2013). Particular interest is shown in visual impairments (Porter & Kientz, 2013), thus
creating even more categorization. These games offer no visual stimuli, instead providing
solely aural impulses, hence called audio games or text-based games (Costales, 2014).
Additionally, there is also the repeated tendency to start from people’s impairments instead

of barriers created by society (Hersh & Leporini, 2013).

3.3 THE NEED FOR GAME ACCESSIBILITY IN EDUCATION

The International Game Developers Institution (IGDA, 2004) defines game accessibility in their
whitepaper as “the ability to play a game even when functioning under limiting conditions.
Limiting conditions can be functional limitations, or disabilities—such as blindness, deafness,
or mobility limitations” (p. 5). But both Grammenos (2014) and Hersh and Leporini (2013)
explain that although accessibility is mainly associated with disabilities that are physical,
sensory, or mental, not all of these are permanent. The latter can be described as ‘diversified
needs’ or ‘limiting conditions’, which can occur due to the environment, the used devices or
software, or the skills and preferences of the user (Game accessibility guidelines, n.d.-i;
Grammenos, 2014; Grammenos et al.,, 2009). It would be even better to see these
disabilities—whether permanent or not—as problems created by society, not by the person
facing them (Hersh & Leporini, 2013), which echoes Greco’s (2016) claim for a universalist
approach to accessibility. Zarate (2021) states this as: “disability is seen as a social construct

whereby the individual is disabled by the obstacles posed by society” (p.22).

As such, in the context of video game accessibility, a person should be able to play a video
game even when these forces are at play. Examples of limiting conditions can be loud noises
in a classroom drowning out the game audio, unavailable headsets when not allowed to play
with sound, a pupil with a broken arm or a bruised hand being unable to use a mouse and
keyboard and many more (Grammenos, et al., 2009). These constraints can also include
playing the game in a different language, as such creating a language barrier (Grammenos,
2014; Torrente et al., 2014). This linguistic barrier points at the fact that accessibility may
benefit all individuals and goes further than disability alone, for some pupils may not speak

the game’s original language, thus needing interlingual subtitles, or intralingual subtitles could
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be of aid in a noisy environment or to migrants who are learning the language (Diaz-Cintas,
2020; Grammenos et al., 2009; Greco & Jankowska, 2020). As a result, the need for
accessibility is clearly pressing, for access to educational content may affect the future and
possibilities of all pupils (Hersh & Leporini, 2013; Pefia-Miguel & Sedano, 2014; UNESCO, n.d.).
Furthermore, as mentioned before, the main purpose of games used in an educational context,
containing scientific information, is to create motivation with a strong emphasis on engaged
learning (Begg, 2008). If a player has no or only very limited access to the game, this can lead
to frustration and have a negative impact on motivation and engagement (Hersh & Leporini,

2013), and thus on learning (Bierre et al., 2005).

After taking the previously discussed information into consideration, this dissertation will
support the claims that accessible video games are of vital importance in education since they
aid all individuals (Grammenos, 2014; Hersh & Leporini, 2013; Pefia-Miguel & Sedano, 2014)
and game accessibility is as such heavily embedded in the human rights framework, with
specific interest in the right for education (Greco, 2016; Greco, 2018). Therefore, the
dissertaton will take different barriers of the product (the video game) as a starting point,
adopting a social model, instead of viewing a person’s disability as the cause of their

disadvantage (Hersh & Leporini, 2013), in accordance with the limited scope of the research.

4. UNIVERSALLY ACCESSIBLE GAMES

The dissertation previously mentioned two very different approaches on game design
(Grammenos, 2014; Mangiron & Zhang, 2016). While Mangiron and Zhang (2016) support a
staggered approach as a more suitable starting point—targeting different users and their
needs in separate research—they do believe that universally accessible games should still be
the preferred design aimed for in the future, since it has become clear that universally
accessible games have the potential to be beneficial to all users (Greco & Jankowska, 2020;
Torrente et al., 2014). Universally accessible games are based on a game design that considers
every individual—every potential user and every possible disability (Mangiron & Zhang, 2016)
and these games “can be enjoyed by all kind of users, regardless of their (dis)abilities”

(Mangiron & Zhang, 2016, p. 77). What makes universally accessible games stand out, is the
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option to adapt their interface, gameplay and content to be most suitable for each individual
user (Grammenos, 2014). Grammenos (2014) compares this versatility to a ‘palette’ that
consists of all game elements, which can be selected and customized accordingly. In addition,
taking into account accessibility features during the development stage instead of making
these considerations much later also bolsters accessibility and inclusion and reduces the work

needed (Game accessibility guidelines, n.d.-k).

However, it must be considered that it is, indeed, very hard to develop games that are playable
by anyone, regardless of one’s differences (Mangiron, 2012) and the lack of consistent
guidelines further exacerbates this problem (Larreina-Morales, 2023). It is important to keep
in mind that as long as awareness to accessibility is raised and is considered from the onset of

the design, change is possible (Grammenos, 2014; Mejiias-Climent, 2021).

5. THE AUDIOVISUAL NATURE OF VIDEO GAMES

Before we can start examining different ways of designing accessible games, the audiovisual
nature of video games must be discussed further. This dissertation will support the claim that
educational video games, too, use a visual and aural channel to transmit information (Gambier,
2019; Mejiias-Climent, 2021), thus falling under multimedia learning (Barak & Dori, 2011;
Rabier, 2005).

As such, video games are audiovisual products, since they consist of audiovisual elements
(Gambier, 2019; Vandenbroucke et al., 2022). An audiovisual text contains information that is
expressed through different channels: images (visual) and sounds (audio) (Mayer, 2005;
Zabalbeascoa, 2008). Audiovisual products also contain verbal and non-verbal signs that
create meaning (Gambier, 2019). Both these verbal and non-verbal signs can be expressed
through the different channels, thus creating four types of signs through which to express
meaning: audio-verbal, audio-nonverbal, visual-verbal, and visual-nonverbal signs
(Zabalbeascoa, 2008; Zarate, 2021). As an example, verbal content could be spoken word
(audio), expressed through audio-verbal signs or written text (visual), thus consisting of visual-

verbal signs (Zabalbeascoa, 2008). Audio-nonverbal signs could be sound effects and music,
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whereas pictures consist of visual-nonverbal signs (Mejiias-Climent, 2021; Zabalbeascoa,

2008). The following figure with examples from Zabalbeascoa (2008) further clarifies this:

Audio Visual

Verbal Words Words
heard read

Music + | The picture
Non-verbal special

effects Photography

Figure 2: the four elements of audiovisual products, Zabalbeascoa, P. © John Benjamins Publishing Company 2008

However, video games can also consist of a third channel, namely the tactile channel, which
can embody a vibrating controller when one thinks of gaming (Mejiias-Climent, 2021). Thus,
according to Mejiias-Climent (2021), video games work through audiovisual content and this
content is sometimes transmitted through three channels, namely the visual, aural, and tactile
channel. What makes video games stand out even more from other audiovisual products, is
the fact that this transmission goes two ways and is therefore called bidirectional, from the
player to the game and from the game to the player (Mejiias-Climent, 2021). To keep this
transmission smooth, the game needs to be accessible (Mejiias-Climent, 2021). However, in
most audiovisual products, the audience does not play an active role, think of movies or radio,
while video games allow users to become the main-characters of the ongoing action, making
accessibility more complicated (Mejiias-Climent, 2021). When the player transmits
information to the game, they can do this through the tactile channel—for example the
controller—but also through the audio channel—think of speech—or the visual channel—
think of written text (Mejiias-Climent, 2021; Torrente et al., 2014). If we consider these three
different channels, it becomes clear that users can encounter various problems in interacting
with the game, all due to the different channels involved in the communicative process:

e Due to human diversity, the user cannot receive visual, aural, or tactile stimuli from

the game—whether stimuli from one, two or all three channels,

e The user does not know how to respond to the stimuli,
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e Or the user cannot interact with the game because they unable to manipulate the
game’s available settings, thus having no way to provide input (Hersh & Leporini, 2013;

Mangiron & Zhang, 2016).

Guidelines on universal design include the requirement that the maker of a product should
make sure that essential information can be offered through different channels to prevent
these problems (Udo & Fels, 2009). Given the right to access information (Vandenbroucke et
al., 2022), it is clear that these different channels need to be accessible to all users, so that
they can receive the audiovisual product’s proper output and additionally transmit their
proper input to the product (Hersh & Leporini, 2013; Mejiias-Climent, 2021). Edwards (2018b)
calls this a multisensory experience, explaining that it is indeed best if the same message is
conveyed through the different information channels. This means that the game is offering
the player information twice, through two different mediums (Edwards, 2018b). It must be
noted that Edwards (2018b) only mentions the aural channel and visual channel, although
designers may also be able to include the third channel, which is the tactile channel (Mejiias-
Climent, 2021). As an example, information would then be transmitted to the player through
vibrations (Mejiias-Climent, 2021). The dissertation will further elaborate on this in the next

section.

6. DESIGNING ACCESSIBLE VIDEO GAMES

To make the audiovisual content in video games accessible, studies suggest the following

approaches (Hersh & Leporini, 2013; Mejiias-Climent, 2021; Torrente et al., 2014).

6.1 COMMON PROBLEMS FACED BY DISABLED USERS: A MEDICAL VIEWPOINT

Most work on game accessibility starts by addressing people with impairments and various
ways to make content accessible to them, as discussed in chapter 3, 4 and 5 (Hersh & Leporini,
2013; Mangiron & Zhang, 2016). The reason for this is that they are usually the main audiences
affected by whether a game has been made accessible or not (Costales, 2014). Starting from
this medical point of view, IGDA (2004) provides a popular whitepaper on game accessibility

and its importance to disabled players. In general, four main impairments are addressed in
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accessibility research, which are visual, aural, mobility and cognitive impairments (Costales,
2014; IGDA, 2004; Mangiron & Zhang, 2016). It is only very recent that more guidelines have
been created, which now focus on the channels through which information is transmitted
from game to player and player to game, starting from the product (Hersh & Leporini, 2013;
Mejiias-Climent, 2021), such as the Game accessibility guidelines. However, it must be noted
that these guidelines are usually developed with commercial games in mind (Salvador-Ullauri

et al., 2020b).

6.1.1 VISUAL IMPAIRMENT

Visual impairment is subdivided in blindness, low vision, and color blindness (IGDA, 2004).
Mangiron & Zhang (2016) make a fair point that the gap between blind and seeing people in
gaming is very wide, because video games are still becoming progressively video based and a

person who is fully blind cannot perceive any form of visual stimuli (Mangiron & Zhang, 2016).

Low vision refers to people who have very limited sight. Important to the case of gaming is
that this loss of vision requires adjustments as it can negatively affect the performance of
activities (IGDA, 2004). Common visual problems occur when all hints in the game are given
as text without any sound options, when the game has important cut scenes that offer no
audio description, when accessibility options are only available in specific languages, when
the game does not offer color adjustments, when there is no option to use a screen reader or
self-voicing (the game provides all information by voice) or works with voice commands, when
there are no audio cues for sound effects or no available sonars to indicate objects and
locations (Game accessibility guidelines; n.d.-e-h; Grammenos et al., 2009; IGDA, 2004;

Mangiron & Zhang, 2016; Torrente et al., 2014).

Color vision deficiencies occur when cones, eye cells that are used to distinguish color, do not
function properly with the color they respond to (Genetic and Rare Diseases Information
Center, 2023). There are three types of colors to which three types of cones respond, and
these colors are red, green, or blue (Genetic and Rare Diseases Information Center, 2023;
Hasrod & Rubin, 2016). A person can have problems with one cone or multiple, thus having a

different view from another person (Hasrod & Rubin, 2016). Trichromats is a term that
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classifies people with normal color vision, while people with achromatopsia have cones that
function abnormally or not at all (Hasrod & Rubin, 2016). Dichromats have only two
functioning cones while anomalous trichromats can perceive all three colors but the sensitivity
of one of the cones is altered (Hasrod & Rubin, 2016). For example, a person with a
monochromatic view, is usually totally colorblind (Hasrod & Rubin, 2016) or they have one
functioning cone, which is the case in blue cone monochromatism (BiopticDriving, 2010;
Genetic and Rare Diseases Information Center, 2023). Regarding the color that causes trouble,
three terms are used, two of which refer to different types of red-green color blindness
(Colblindor, n.d.-d). Protanopia is used for people who have difficulty with red light (red-green
color blindness) (Colblindor, n.d.-b). Deuteranopia (red-green color blindness) refers to people
who are sensitive to green light (Colblindor, n.d.-a). The third form of color blindness is
tritanopia (also called blue-yellow color blindness), which refers to troubles with blue light,
creating difficulties to see yellow (Colblindor, n.d.-c; Game accessibility guidelines, n.d.-d). For
instance, the combination of green and red is often problematic, for it can be hard for those
people to distinguish the difference (Colblindor, n.d.-b-d; Game accessibility guidelines, n.d.-

e; Harolds, 2012).

6.1.2 AURAL IMPAIRMENT

Although visual elements are still of highest relevance in video games, a recent development
has brought forth the use of complex and deeper storylines, so that sounds increasingly carry

meaning as well, additionally creating aural barriers (Costales, 2014; Mejiias-Climent, 2021).

Aural impairment is split up into two main categories, ranging from hard of hearing to
deafness, although these categories are very diverse themselves (Costales, 2014; IGDA, 2004).
When talking about deafness, a distinction has to be made between the terms deaf and
Deafness (Doof Vlaanderen, n.d.). Deafness refers to the medical condition of deafness or
hearing loss (Doof Vlaanderen, n.d.). People who are deaf may use natural languages to
communicate or they are familiar with hearing aids or other assistive devices (The Deaf Health
Charity SignHealth, n.d.; Zarate, 2021). The term Deafness with a capital letter is used to refer
to a minority group using sign language to communicate, as these people have been deaf from

birth or are pre-lingually deaf, meaning that they lost their hearing before they mastered
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natural languages (Doof Vlaanderen, n.d; The Deaf Health Charity SignHealth, n.d.; Zarate,
2021).

Hearing loss, unlike deafness, can vary from mild to profound hearing loss and, as such, it
creates very diverse barriers as well (IGDA, 2004). For instance, different levels of hearing loss
in gaming occur in players who can still distinguish all sounds but need to turn up the game
volume or in players who can only distinguish certain sounds with higher volume and need
other accessibility methods for sounds they are unable to hear (IGDA, 2004). Common
problems faced by these people are no sound indications on screen or no subtitles (whether
interlingual or intralingual) (Hersh & Leporini, 2013; Mangiron & Zhang, 2016; Torrente et al.,
2014). Moreover, sounds or music are seldom subtitled, even when they carry meaning (Hersh
& Leporini, 2013; Mangiron & Zhang, 2016; Torrente et al., 2014). Again, some of these
barriers may also be temporal, such as pupils not being allowed to use sound in class or a noisy

background (Grammenos et al., 2009).

6.1.3 MOBILITY IMPAIRMENT

When it comes to mobility impairments, the need for accessibility usually increases with the
severity of the impairment as immobility can manifest itself on many different levels
(Mangiron & Zhang, 2016). Possible issues are difficulties when using a mouse or keyboard,
consoles, or joysticks, or even being unable to use any of these devices due to problems with
upper limbs (Accessible.Games, 2022b; Mangiron & Zhang, 2016; Torrente et al., 2014). Some
of these difficulties may be temporal: think of a broken arm or finger (Grammenos et al., 2009).
However, if players cannot replace the standard input device with an alternative, this can
greatly affect their gameplay and enjoyment (Game accessibility guidelines, n.d.-i; The

AbleGamers Foundaton, 2012).

6.1.4 COGNITIVE IMPAIRMENT

Cognitive impairment is another highly discussed category. It refers to how well a person can
execute a mental task (Costales, 2014). Although cognitive issues are of high importance in

gaming, since cognition and learning are closely linked, there is still a lack of research on the
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issues it creates and the problem is discussed even less when it comes to commercial games
(Torrente et al., 2014). What makes cognitive impairments challenging is that they consist of
a broad spectrum, for instance from attention deficit disorder (ADHD) and dyslexia to memory
loss, and all of these are subjected to different levels of severity (IGDA, 2004). This makes

them very complex and difficult to measure and test (Torrente et al., 2014).

In spite of these categories being commonly used, they take the disability as the cause of
disadvantage and do not lay emphasis on the product, and they also do not consider linguistic

or textual barriers. (Hersh & Leporini, 2013; Torrente et al., 2014).

6.2 COMMON BARRIERS FACED BY USERS: A SOCIAL VIEWPOINT

In earlier sections 3.2 and 3.3, Greco (2016), and Hersh and Leporini (2013) point out that a
staggered approach to accessibility starting from the person’s disability can create
stigmatization. In a universal approach, the game should be designed from the onset in such
a way that it is accessible to all and not just adapted specifically to people with impairments,
or created solely for them (Grammenos, 2014; Greco & Jankowska, 2020; Torrente et al.,
2014). As such, it is important to consider impairments as barriers created by society instead
of adopting a medical point of view in which the cause of the disadvantage is the person’s
disability (Hersh & Leporini, 2013; Torrente et al., 2014). While a more medical point of view
tends to leave out contextual and temporal barriers, a more social approach takes temporal
barriers into account as this perspective leaves room for barriers to be permanent and
temporal (Gramennos et al., 2009; Torrente et al., 2014). The ICC-project is a good example
of not starting straight from disabilities, hence isolating people, as it instead indicates the
different meaning-making channels in the audiovisual product as well as which barriers
possibly occur when accessing the product’s content (Vandenbroucke et al., 2022). Since
children learn through visual and aural channels in multimedia learning (Mayer, 2005), we
should start from these semiotic channels by indicating possible sensory barriers they may

bring forth and how they can be overcome (Mejiias-Climent, 2021).

6.2.1 DIFFERENT BARRIERS CREATED BY THE PRODUCT
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That being the case, a social approach makes it easier to include contextual barriers, which
are often temporal (Torrente et al., 2014), such as the ones that were mentioned in section
3.3. The ICC-project identifies both temporal and permanent sensory barriers (aural and
visual), linguistic barriers (this refers to language related issues, such as not mastering the
offered languages), cultural barriers (the way in which a different background may affect how
a person interprets or receives a message) and textual barriers (which centers around clarity
and difficulty of the audiovisual text) (Vandenbroucke et al., 2022). Instead of describing these
as ‘disabilities’ or ‘impairments’, they are called barriers because they are problems created
by the product (Udo & Fels, 2009). The next two sections will further elaborate on textual and

linguistic barriers.

6.2.2 TEXTUAL BARRIERS

Textual barriers offer a useful lens when discussing scientific information in a game, because
information being presented understandably is also a way of offering access (European
Accessibility Act, 2019; Vandenbroucke et al., 2022). In the ICC-project, these barriers refer to
terminology—complex sentences, for example—and non-linguistic elements (Vandenbroucke
et al., 2022). Non-linguistic problems that occur include “the use of abstract concepts, the
density of the information, the lack of clear priorities in the text, the separation of main points
and details, the lack of (terminological) consistency, textual coherence and clarity, and anill-
structured layout” (Vandenbroucke et al., 2022, p. 16). Section 2.4 also offered different ways
of how scientific information is effectively added in multimedia learning, which highlights the
importance of taking textual information into account in educational video games as this may

affect the pupil’s understanding (Mayer, 2005).

6.2.3 LINGUISTIC BARRIERS

Since translation also plays a big part in the accessibility of games, linguistic barriers are of
vital importance to discuss (Mangiron & Zhang, 2016). After all, translation grants access to
more players by providing them with a game version in their birth language (Costales, 2014).
However, there is still a lack of research on the gaming experience when playing in one’s

mother tongue or the original language (Costales, 2014). Also, some games do not offer
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accessibility solutions in all languages, which creates an even bigger language barrier
(Mangiron & Zhang, 2016). Additionally, even though subtitles are often created for people
without disabilities in the game industry, translating games is also beneficial to people who
face an impairment, such as subtitles for the deaf and hard of hearing (SDH) (Costales, 2014;
Diaz-Cintas, 2020; Zarate, 2021). It is clear that translation forms a key element in providing

the user with a pleasurable gaming experience (Costales, 2014).

6.3 APPROACHES TO SOLVING THE BARRIERS FACED

In order to make games accessible, existing accessibility guidelines tend to split their
guidelines into categories, which differ. For example, the Game Accessibility Guidelines (n.d.-
k) include accessibility solutions on a basic, intermedia and advanced level while the guidelines
by the AbleGamers Foundation (2012) are split up into three different levels, ranging from
bare minimum accessibility solutions to what an ideal accessible game would look like.
Torrente et al. (2014) do not use specific tiers but mention two approaches. They state that
“compatibility with assistive technologies” (Torrente et al., 2014, p. 58) is the most common
accessibility feature and the other approach is to adjust the game settings without needing a
specific device, for example subtitles (Torrente et al.,, 2014). On the contrary, an article by
Marie Dealessandri (2022) on a beginner’s guide to creating accessible games, prioritizes the
“big four” of accessibility, which are believed to be: subtitles, text scaling, color blindness
settings and remapping of controls. The Game accessibility guidelines (n.d.-c) mention these
four as well, adding that addressing them can already have an impact on a large number of
users. Can | Play That? (CIPT, n.d.) is an initiative that also offers accessibility information and
guidelines by using the different categories discussed in section 6.1, but this means that these
guidelines place emphasis on disabilities and take those as a starting point. This approach
comes close to the guidelines by IGDA (2004) as mentioned in section 6.1, although CIPT

includes a Game PR and marketing accessibility guide on top of these (CIPT, n.d.).

This dissertation also elaborated on how a game provides output to the user and how the user
needs to provide input to the game, an interaction that has to be smooth (Mejiias-Climent,
2021). To facilitate this smooth interaction, the product should provide output to the player
through different solutions if the player cannot access all channels (R8S ENTERTAINMENT LTD,
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n.d.). Torrente et al. (2014) discuss three input models in their accessible game design: the
Mouse Interface Module (Ml), the Voice Interface Model (VI) and the Natural Language
Interface Module (NLI). Ml is the classic input module in point-and-click games and revolves
around mouse movement and clicking on objects to trigger interaction, which can create both
visual and mobile barriers (Torrente et al., 2014). An alternative can be the use of VI, which is
controlled by speech. This way, pupils can give orders to the game (Torrente et al., 2014).
Another option is NLI, with the keyboard as input device (Torrente et al., 2014). The third
module is also useful in a noisy environment (Torrente et al., 2014). The Game accessibility
guidelines (n.d.-d) add that users should consistently be able to use the same input device for
the game menus as well as for the gameplay. Likewise, the game provides output through a
visual, sound and speech synthesis module (Torrente et al., 2014). In conclusion, this specific
method by Torrente et al. (2014) highlights the importance of both the input and output

channels for product and player and the need to make them accessible.

6.3.1 ACCESSIBILITY-MAKING: VISUAL BARRIERS

All significant visual elements can be described by utilizing audio description (AD) (Mejiias-
Climent, 2021). Not only is AD useful for people with a visual impairment, but AD also aids
other individuals by providing them with visual descriptions even when their focus is
elsewhere (Udo & Fels, 2009). Moreover, AD helps people with learning difficulties because it
singles out the most vital visual elements (Udo & Fels, 2009). As such, AD could be added to
audio menus, which only provide text-to-speech, to fill in visual components that are also of
significance (Mejiias-Climent, 2021). All of the reasons above also show why AD is beneficial
to language development in children (The Royal National Institute of Blind People, 2009). Even
so, AD remains challenging because it must fit within the game without interfering with other
sounds, such as dialogues and music, while at the same time keeping up with the game’s speed
(Matamala, 2021; Mejiias-Climent, 2021). This is why a distinction has to be made between
the game mode itself and cut scenes in the game. Cut scenes and cinematic scenes more
commonly provide AD, as this is less challenging than offering AD during the gameplay itself
(Game accessibility guidelines, n.d.-g; Mejiias-Climent, 2021). More difficult is real-time
content generated by gameplay, as it is more dynamic and not set, because it is also depended

on the input of the player (Game accessibility guidelines, n.d.-g). The online video platforms
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YouTube recently offers the addition of an audio track (Google, 2023a). This way, creators can
include AD in their video. Although it is often used for music, it also supports AD (Google,
2023a). However, because the feature is not yet available for many videos as it is new in use,

not many people know of it, so the question remains whether it will be used (VocalEyes, 2020).

Another option, which is useful not only to people with visual impairments, is a screen
magnifier or high contrast mode, making it possible to zoom in on objects or make them
clearer (Torrente et al., 2014). In addition, vibrations can help guide the player to relevant
objects or locations, which is useful when overcoming both visual and aural barriers (Hersh &
Leporini, 2013; Mejiias-Climent, 2021; Torrente, et al., 2014). Voice-overs, or self-voicing, can
also greatly aid players, as text is read out loud by the game itself (Game accessibility
guidelines, n.d.-h). Edwards (2018b) states that every piece of text should have this option. If
this is too difficult, screen readers are useful, too, when overcoming these visual barriers
(Mangiron & Zhang, 2016). Chrome, for instance, offers a web-powered screen reader that
reads out web content (Google, n.d.). Other, more comprehensive screen readers are
Narrator on Windows or VoiceOver on Mac (Google, n.d.). Although screen readers are an
efficient accessibility tool, it must be stressed that text-to-speech should go hand in hand with
image description, although not all screen reader software has this option (Vandenbroucke et
al., 2022). Image description explains the contents of an image in more or less detail, and a
screen reader could then use that input to read it out to the user (Vandenbroucke et al., 2022).
Otherwise, the software would only be able to mention the presence of an image, lacking
descriptions of what it portrays (Vandenbroucke et al., 2022). Another difference between
screen readers and voice-overs, is that voice-overs can be built into the game (Game
accessibility guidelines, n.d.-h). Therefore, players do not have to use an external device,

which adds to the user’s overall enjoyment (Game accessibility guidelines, n.d.-h).

When it comes to visual barriers created because of color blindness, the game should offer an
option to change, add or prevent certain color combinations (The AbleGamers Foundation,
2012). As another possible adaptation, symbols can be added to make it easier to distinguish
different colors (Game accessibility guidelines, n.d.-e). It is also helpful to choose a different

color for text and title (Harolds, 2012) and a plain background helps readability (Game
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accessibility guidelines, n.d.-e). Or, in the case of low vision, higher contrast could make the

foreground and background stand out clearer (The AbleGamers Foundation, 2012).

Subtitles are also significant when discussing visual barriers, as subtitle design can affect the
experience of the user (Hamilton, 2015). When subtitles are used to solve aural barriers, they
can, however, create visual barriers when hard to read (Hamilton, 2015). Different color
schemes, font sizes, and more variations can make subtitles difficult to comprehend (de Linde
& Kay, 1999). For instance, when there is no high contrast between the subtitles and the
background or when the subtitles are too small (Hamilton, 2015; Game accessibility guidelines,
n.d.-b). Small subtitles can be problematic both in permanent (long sightedness) and temporal
(using a small screen, such as a phone screen) situations (Game accessibility guidelines, n.d.-
b). Therefore, it is helpful if players can choose a font size for themselves, as there is no set
font size that works for everyone (Game accessibility guidelines, n.d.-b, n.d.-f). Letterboxing
also helps to give extra contrast over a background (Hamilton, 2015). This is done by adding a
black stroke or box behind subtitles or other text. Lastly, it is best that all of these adaptions

can be done by using a game menu (Grammenos, 2014).

6.3.2 ACCESSIBILITY-MAKING: AURAL BARRIERS

Subtitling is still used as the main tool to overcome aural barriers (Costales, 2014). In that case,
subtitles for the deaf and hard of hearing audiences (SDH) are generally used (Diaz-Cintas,
2020; Zarate, 2021). SDH also has to consider the translation of non-verbal sounds, such as
music, soundtracks, and sound effects but also intonation or accents—a complex task (Zarate,
2021). When there is more than one speaker, these subtitles also indicate who is speaking
(Neves, 2019). However, many subtitles still do not consider the subtitling of important sounds,
which can be crucial to playing the game, even when the subtitles are not designed for deaf

and hard of hearing audiences specifically (Diaz-Cintas, 2020; Mejiias-Climent, 2021).

Apart from vibrations to simulate or point out sounds (Mejiias-Climent, 2021), indications on

a screen or a map can also help guide players towards significant sounds or objects, for

example the indication of dangerous situations in a shooting or fighting game (Costales, 2014).
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6.3.3 ACCESSIBILITY-MAKING: MOBILITY BARRIERS

As seen in section 6.1.3, players may not be able to use the game’s standard input device (The
AbleGamers Foundation, 2012). As this can affect their enjoyment, they are therefore in need
of alternatives (The AbleGamers Foundation, 2012). Full remapping of keyboard, mouse
and/or console is classified as “mobility level 1—good” by The AbleGamers Foundation (2012)
and the Game accessibility guidelines (n.d.-c), too, classify this option as accessibility on a basic
level. The game accessibility guidelines (n.d.-d) also stress that players should be able to access
the user interface through the same input method as the gameplay. To make this clear, this
means that if players can play the entire game using mouse only, they should also be able to
use mouse only when making adaptations in the game settings. A user on Reddit explains this
very clearly: “If | can perform 90% of in-game actions using only the mouse, don’t make me

pick up a keyboard for the remaining 10% (radiosilents, 2017)".

Lastly, Edwards (2018a) stresses the in-game autosave feature and states that it “can be
especially helpful to players with mobility disabilities who find menus cumbersome to

navigate” (Section Autosave).

6.3.4 ACCESSIBILITY-MAKING: LINGUISTIC BARRIERS

On linguistic levels mainly regarding translation, audio could be conveyed through recorded
voices, providing dubbing (Costales, 2014; Mejiias-Climent, 2021). Despite the possibility of
dubbing, subtitles are still most commonly used in video games (Costales, 2014). Apart from
SDH, players may need interlingual subtitles if the game is not available in their native
language (Costales, 2014). In addition, intralingual subtitles (whether SDH or not) can also be
helpful to non-native speakers, such as migrants (Diaz-Cintas, 2020). These subtitles, however,
are also very challenging because subtitling standards are often not applied in game
translation (Mangiron, 2018). When subtitling, the game accessibility guidelines advocate for
a maximum of 40 characters per line and not more than two lines per subtitle (Hamilton, 2015;
Game accessibility guidelines, n.d.-f). However, many gaming companies do not allow
reductions in the subtitling (Mangiron, 2018) and so, despite these findings, a general

occurrence is that one-line subtitles can still go up to over 70 characters per line and some

35



consist of more than two lines (de Linde & Kay, 1999). Subtitle compression can be affected
by other factors as well, one of them being relevance between what is simultaneously shown
as images and what is shown as text, also known as subtitle synchronization, which can also
make it harder to reduce text (de Linde & Kay, 1999; Zarate, 2021). However, too much text
can have a higher cognitive impact because comprehension becomes harder (Hamilton, 2015).

Textual presentation will be discussed further in section 6.3.4.

Due to the rise of Artificial Intelligence (Al), subtitles generated through automatic speech
recognition (ASR) have also been on the rise as an alternative to human subtitling (Malakul &
Park, 2023). Nowadays, they are used in educational settings as well (Malakul & Park, 2023).
Since the game that will be analyzed in this dissertation also makes use of educational videos,
the matter is very interesting to look at. A recent study by Malakul and Park (2023)
investigated the use of automatic subtitles in Thai language for English educational videos and
found them to have a positive impact on pupils. Other studies apart from the one by Malakul
and Park (2023) also show that subtitles facilitate learning as learners receive information
visually and aurally (Cao et al., 2019; Liao et al.,, 2019). Additionally, by bridging the gap
between hearing, seeing, and reading, subtitles can help learners to visualize what they see

even more efficiently (Danan, 2004; Garza, 1991; Malakul & Park, 2023; Mayer, 2005).

YouTube is one of many online platforms now using automatically generated subtitles through
voice recognition (Google, 2023d). However, automatic subtitling is not available in all
languages and not all videos can make use of the feature (Google, 2023d). In addition,
automatically generated subtitles still lack quality in comparison to subtitling done by
professionals (Chan et al., 2019). Moreover, these automatically generated subtitles often
contain no punctuation (Song et al., 2019) and a recent study by Datta et al. (2020) on
subtitling discovered that the availability of punctuation improved the viewing experience not
only for people with hearing deficiencies but also for hearing people, thus helping to
overcome probable aural barriers. Smith et al., (2017) also investigated how the level of errors
in automatic captioning affected comprehension of the materials. The study showed that a
higher error rate, lowered comprehension (Smith et al., 2017). However, it must be noted that
YouTube now gives creators the option to add and edit their own subtitles, and they can also

edit subtitles generated by the ASR (Google, 2023b-c).
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6.3.5 ACCESSIBILITY-MAKING: TEXTUAL BARRIERS

Firstly, when it comes to textual barriers, it is important that information is presented
understandably to all (European Commision, 2019; Vandenbroucke et al., 2022). In this
dissertation, this is linked back to section 3.2 and 3.3 on scientific information and how it is
presented in the audiovisual product. It needs to clarify abstract scientific concepts, be
useable during different phases of the learning process and create clear visualizations of these

concepts (Barak & Dori, 2011).

Secondly, subtitles were discussed earlier in this chapter. However, the way subtitles are
presented can also impact comprehension (Hamilton, 2015). It is, for instance, better to create
breaks within a text according to the natural flow and punctuation of a sentence (Hamilton,
2015). Lastly, the Game accessibility guidelines’ (n.d.-j) living document points at plain
language, providing examples for the English language. Sentences should be short, around 15
to 20 words, consisting of one main idea and perhaps one related point (Plain English

Campaign, n.d.).

6.3.6 ACCESSIBILITY-MAKING: A SHORT SUMMARY

To summarize, there is a clear increase in accessibility guidelines and accessibility measures
with both guides offered by gaming or computer companies (e.g., Microsoft) and through
collaborative efforts such as guidelines by the Game accessibility guidelines, CIPT or The
AbleGamers Foundation. In general, earlier studies and guidelines tend to take on a medical
viewpoint, hence starting from the person’s disability, whereas more recent guidelines adopt
a social approach which starts from the product (Greco & Jankowska, 2020; Hersh & Leporini,
2013). However, discussing the medical viewpoint is relevant as well to better understand
different impairments when making a product accessible (IGDA, 2004). Therefore, it was also

included in the chapter.

Because this dissertation supports a social viewpoint, this research will focus on the main

findings in section 6.2 and 6.3. In more detail, this means the research will take in account all
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accessibility-making measures that were explained in section 6.3 when they are applicable to
the case study. These measures are taken for five different barriers: visual, aural, tactile,
linguistic, and textual barriers. These barriers are discussed via the three information channels:
the visual, aural, and tactile channel. Since various sources, including the Game accessibility
guidelines (n.d.-c) and the article by Dealessandri (2022), emphasize the four most common
accessibility measures, these will specifically be looked at in the case study and the research
will investigate whether they have already been considered. As a reminder, these four
adaptions are: color blindness settings, remapping, subtitle (presentation) and text scaling

(Dealessandri, 2022; Game accessibility guidelines, n.d.-c).

7. METHODOLOGY

7.1 RESEARCH QUESTION AND RELEVANCE

The increasing popularity of game-based learning has made way for the widespread use of
serious games in education (Becker, 2021; Begg, 2008; de Freitas & Liarokapis, 2011; Yuan et
al., 2010). Although research on game accessibility is increasing, Grammenos (2014) states
that many games are still initially being developed on the ‘myth of the average player’. Besides
this believe, the process of development focuses firstly on developing the game to only later
find out what the problems are, although it is more feasible to consider accessibility from the
start of the design process (Game accessibility guidelines, n.d.-k; Grammenos, 2014).
Moreover, companies such as Microsoft note that the industry is still at an early stage
(Microsoft, 2023) and guidelines vary in purpose and approach (Larreina-Morales, 2023). Also
note that most of these guidelines are generally designed with commercial video games in
mind, as guidelines for educational games still lack specific focus on accessibility (Hersh &
Leporini, 2013; Salvador-Ullauri et al., 2020b). All of these reasons make it hard for many
learners to overcome the various barriers they face, since the different channels that are used
to communicate information are not always designed in such a way that they are accessible
to all (Grammenos, 2014; Yuan et al., 2010). When it comes to education, the need for
accessibility is even more pressing as various studies have pointed out different advantages

of games for learning (Begg, 2008; de Freitas & Liarokapis, 2011; Mayer, 2005; Pefia-Miguel &
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Sedano, 2014; Zyda, 2005), including their benefits in daily life (Eshach & Fried, 2005). The
game that will be analyzed in this dissertation, Immune Patrol, is a project of the World Health
Organization and an example of such an educational game that holds relevance to life outside
of the classroom (Copenhagen Game Lab, n.d.). The game aims to teach children of ages 10 to
12 more about diseases, vaccination, and the immune system, simultaneously exposing them
to various ways on how to analyze and assess offered information (Immune Patrol, n.d.) Given
the Covid-19 pandemic, the accessibility of this game is even more pressing (WHO, 2023.). As
such, it is of vital importance that the provided information is accessible to all pupils, since
education is a human right as set out by the Universal Declaration of Human Rights (United
Nations, 2015). Therefore, the research question of this dissertation is: in what ways have or
can the different information channels in the educational game, Immune Patrol, be made

accessible to pupils?

7.2 SCOPE: CHANNELS AND AUDIENCE

Since there has been a shift in the way accessibility is approached, meaning that is no longer
tackled in a stigmatizing way based on impairment alone (Greco, 2016), this dissertation takes
on a social viewpoint. Accessibility of the game content provided through the visual, aural,
and tactile channel will be discussed. Since the game content is transmitted through three
information channels, this means | will focus on what barriers occur within these channels in
the educational video game Immune Patrol. | will explain in what ways these barriers can be
overcome by offering solution or pointing them out if they have already been added to the
game. | will specifically start from the source text and its message content, indicating what
barriers people may face through the visual, aural, and tactical meaning-making channels,
instead of taking impairments or limitations as a starting point. This means that when
information is provided through the visual channel—think of symbols—this may create visual
barriers and these can be solved through the aural channel, hence making the audiovisual
product more inclusive. These solutions will all be taken from chapter 6. Also, note that not
all of these barriers are permanent (Grammenos et al., 2009). As such, the dissertation raises

awareness to the presence of limiting conditions and the relevance of accessibility to all.
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It is also important to keep in mind that the analysis always starts from the source text.
Although solutions to barriers may be provided through other channels, these solutions will
be added to the discussed information channel. For instance, if the analysis focuses on barriers
that occur in the visual channel and these hinderances can be solved through the aural
channel, they will still be discussed under the visual channel. This is because the analysis starts

from the source text—the text as it is at the moment of the research.

The selected barriers in this work are:
e Sensory barriers (IGDA, 2004; Vandenbroucke et al., 2022) which are subcategorized
as follows:
o Visual barriers,
o Aural barriers,
o Tactile barriers.
e Linguistic barriers: these barriers refer specially to available languages in the discussed
game. Linguistic barriers pertain to how well a person masters a language as a native
or a foreign speaker (Vandenbroucke et al., 2022).
e Textual barriers, which have to do with the way textual information is presented

(Vandenbroucke et al., 2022).

In sections 2.3 and 2.4, | also explained some interesting features in serious games and health
education specifically. Because Immune Patrol presents information on healthcare (WHO,
2023), I will also briefly discuss whether the game contains these features, because these can
have a positive effect on learning and because they are an essential part of educational video

games (Begg, 2008).

Throughout the analysis, | will keep in mind the intended target audience of the game, which

are children aged 10-12 (Immune Patrol, n.d.).

7.3 DESIGN OF THE FRAMEWORK

To examine the availability of accessible features in the game as well as the way scientific

information is presented, a theoretical framework was developed based on the literature
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research of game accessibility measures carried out in chapter 6. As | discussed earlier, the
literature research makes a distinction between two game categories: commercial video
games and serious video games. In this dissertation, | focus on serious games as the game |
will analyze in chapter 8 is an educational video game. After discussing both the medical and
social viewpoint, the analysis will be based on the social approach. The findings at the end of
chapter 6, in section 6.3.6 specifically, are used in the analysis. | will categorize the game
content into three output channels: the visual channel, the aural channel, and the tactile
channel. Then | will discuss possible barriers that may occur, which are based on the literature
research in sections 6.2 and 6.3. For every barrier that | mention, | will identify existing
adaptations or suggest possible measures, that | explained in section 6.3, to make the three

communication channels accessible.

7.4 CASE STUDY: IMMUNE PATROL

Immune Patrol is a digital game-based educational platform and a project of the World Health
Organization (Copenhagen Game Lab, n.d.) Developed in light of the recent Covid-19
pandemic, Immune Patrol teaches children of ages 10 to 12 more about healthcare,
specifically providing information on diseases, vaccinations, and the immune system
(Copenhagen Game Lab, n.d.). In addition, pupils will also learn how to critically analyze and
assess sources (Copenhagen Game Lab, n.d.; WHO, 2023). Pupils work in groups, defending
their avatar from diseases (Copenhagen Game Lab, n.d.). By solving different tasks, pupils will
receive points which they can use to boost their avatar’'s immune system, making their game

character more resilient (Copenhagen Game Lab, n.d.).

The game offers a Teacher’s Manual and an Introductory video on YouTube (Immune Patrol,
n.d.). According to the Manual, each lesson should be structured the same way. First, pupils
watch an animated video which explains the topic (Immune Patrol, n.d.). Then, pupils can log
in to the game using a specific code and create their avatar (Immune Patrol, n.d.). During the
class, pupils have certain tasks to complete after which they are to do an assessed
presentation (Immune Patrol, n.d.). Lastly, they play a (battle) game related to the lesson

(Immune Patrol, n.d.). At the beginning of the game, Lieutenant Juliet is introduced as the
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pupils’ trainer (Immune Patrol, n.d.). The character guides the audience through the game in

videos and also functions a pop-up giving instructions and hints (Immune Patrol, n.d.).

The game consists of six different modules, each elaborating on information regarding
healthcare (Immune patrol, n.d.). The different modes are called: diseases and transmission,
the immune system, vaccination, herd immunity, vaccine development and source criticism.
The teacher has full control over the game through a group page so that they can start the
game, end it, or refresh it (Immune Patrol, n.d.). The game can be played on a computer or
tablet for the pupils and the teacher can use a smartboard, projector, or computer to

supervise (Immune Patrol, n.d.).
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Figure 3: Training grounds of Immune Patrol © Copenhagen Game Lab

Since Immune Patrol is an educational game, with specific focus on scientific information, it
also provides learning goals (Immune Patrol, n.d.). The main goal is the development of
scientific literacy, which includes the explanation and understanding of phenomena, re-
organizing information, discussing information, preparations for presenting information and

critical thinking (Copenhagen Game Lab, n.d.; Immune Patrol, n.d.; WHO, 2023).
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It is important to note that the World Health Organization is still revising and optimizing the
game (WHO, 2020). The WHO is requesting for revision of the current modules in the game,
performance optimization, aiming to specifically add a section regarding Covid-19, translating

the game into 60 different languages, and making visual elements easier in use (WHO, 2020).

7.5 PROCESS OF ANALYSIS AND DISCUSSION

Since the dissertation is too limited to take the full game into account, seven different parts
have been selected for the analysis. In all of these parts, content provided through the
different information channels will be identified—the visual, aural, and tactile channel. | will
use these three different items, as some game parts provide only visual information, whereas
others offer visual and aural information, which can be presented verbally and/or non-verbally.
There will also be sections in which players will have to interact with the game. Then the game
content will be analyzed in regard to whether it has already been fully or partially adapted to

the target audience or, if not, how the content can still be made accessible to the audience.

To keep a clear overview, | will point out the channel’s accessibility problems on one hand and
on the other hand propose solutions offered in the guidelines discussed in chapter 6. | will do
this because, in most cases, these solutions are specific to one item. Therefore, | choose to
combine the analysis and discussion in chapter 9, as it is more convenient if the solutions are
proposed immediately after identifying hindrances. To end with, a brief overview follows in

chapter 10 to highlight main findings and indicate limitations of the study.

Be aware that some of the barriers and solutions may overlap for different parts. When this is
the case, the corresponding sections will be mentioned but they will not be considered in
greater detail as these barriers and accessible features have already been discussed previously
or will be discussed later on. This way, repetition can be avoided. Lastly, the most significant
observations will be brought together in the conclusion in chapter 10, which ends with

suggestions for further research.
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8. ANALYSIS

In this chapter, | will analyze and discuss the educational video game Immune Patrol. With the
recent Covid-19 pandemic in mind, the game aims to teach children of ages 10 to 12 more
about healthcare and it exposes them to various ways on how to analyze and assess
information sources (Immune Patrol, n.d.). Pupils must work in groups, defending their

character from diseases (Copenhagen Game Lab, n.d.).

8.1 TITLE SCREEN: TEACHER MODE/PUPIL MODE

This part is controlled by the teacher, but the pupils will also get to see this screen when they
open the game following an assigned link. This means they will have to select the game

language as well, regardless of the language chosen by the teacher.

8.1.1 VISUAL CHANNEL

When starting Immune Patrol, the audience first gets to choose the language of the game. At
the moment of this research, there are six available options. From left to right, these are
visually shown as English (British), Danish, Armenian, Romanian, Uzbek and Georgian,
represented as country flags. This availability of six playable languages, however, can have a
significant impact on the game audience, not only causing a linguistic barrier for people who
have to play the game in a foreign language that they do not master well enough
(Vandenbroucke et al., 2022), but it can also limit the audience down to only native speakers
of these six languages (Vandenbroucke et al., 2022). Although this lack of translation may have
an impact on the audience, it is important to note that the World Health Organization aims to
extend the available languages to an amount of 60 (WHO, 2020), therefore reducing this

linguistic barrier in the future.

For the sake of this research, the game will be played in English, since the author’s native

language—Dutch—is not yet available.
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Figure 4: Title screen and language selection of Immune Patrol © Copenhagen Game Lab

As seen earlier, video games express information and meaning through images (visually) and
sounds (aurally) and verbal and non-verbal signs (Gambier, 2019; Mayer, 2005; Zabalbeascoa,
2018). However, the game’s title screen does not offer any form of aural information, meaning
that information is presented through the visual channel only. In Immune Patrol, this
information is presented in a visual non-verbal way only, as it solely shows different countries’
flags indicating available languages. This way of presenting information may create visual

barriers.

Firstly, a player with color vision deficiencies may have trouble distinguishing the flag’s colors,
consequentially not knowing what language they represent. This can especially be the case
with the Romanian flag. These troubles become clear when using a color blindness simulator,
which displays different color blindness deficiencies depending on what view is selected
(Colblindor, 2006-2021; Wickline & Human-Computer Interaction Resource Network, 2000-
2001). The following generated pictures show that the Romanian flag can be easily confused
with a seemingly Italian flag (figure 5) because of tritanopia (Hasrod & Rubin, 2016) or a
seemingly Belgian flag (figure 6) because of blue cone monochromacy (Genetic and Rare

Diseases Information Center, 2023; Hasrod & Rubin, 2016).
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Drag and drop or paste your file in the area below or:  «ies bestand = = Flag_of_Rom...ia.svg.png

Trichromatic view: Anomalous Trichromacy: Dichromatic view: Monochromatic view:
Normal Red-Weak/Protanomaly Red-Blind/Protanopia Monochromacy/Achromatopsia
Green-Weak/Deuteranomaly Green-Blind/Deuteranopia Blue Cone Monochromacy
Blue-Weak/Tritanomaly O Blue-Blind/Tritanopia

Use lens to compare with normal view: © No Lens = Normal Lens ' Inverse Lens
Reset View Open simulated image in new window

Figure 5: Romanian flag through dichromatic view: Blue-Blind/Tritanopia © 2000-2001 Matthew Wickline and the Human-
Computer Interaction Resource Network
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Drag and drop or paste your file in the area below or: = «ies bestand = Flag_of_Rom...ia.svg.png

Trichromatic view: Anomalous Trichromacy: Dichromatic view: Monochromatic view:
Normal Red-Weak/Protanomaly Red-Blind/Protanopia Monochromacy/Achromatopsia
Green-Weak/Deuteranomaly Green-Blind/Deuteranopia  © Blue Cone Monochromacy
Blue-Weak/Tritanomaly Blue-Blind/Tritanopia

Use lens to compare with normal view: © No Lens ~ Normal Lens ' Inverse Lens

Reset View Open simulated image in new window

Figure 6: Romanian flag through monochromatic view: Blue Cone/Monochromacy © 2000-2001 Matthew Wickline and the
Human-Computer Interaction Resource Network

To overcome this visual barrier faced by people who experience a form of color blindness, the
language or country name could be added above or underneath the flag in written text, or a
symbol could be designed to clarify the flag’s exact meaning (Accessible.Games, 2022a; The
AbleGamers Foundation, 2012). Nonetheless, a combination of information presented visually
and aurally would still be the preferred option. Not only could this combination overcome
other visual barriers than color blindness alone, but also because it similarly combines
different learning channels, which can additionally aid information processing for pupils who
can access both channels without any barriers (Barak & Dori, 2011). Edwards (2018b) calls this
a multisensory experience, in which output is provided through both the visual and aural

channel.
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The use of the aural channel will be discussed in this section also, as it makes the visual output
channel available in this game part. Firstly, if the text were to be added underneath the
corresponding language, a great feature would be the addition of the text being voiced out
loud to the user through voice-overs (Game accessibly guidelines, n.d.-h; Mangiron & Zhang,
2016). To preserve the game’s authentic feeling, Lieutenant Juliet, for instance, could take on
that function, as she fulfills the roll of being instructor. Throughout the game, she is used as a
pop-up to give instructions and tips, although these are not voiced out loud, and she is also
the game character who explains all information in the YouTube videos pupils will have to
watch (Immune Patrol, n.d). This feature would create a multisensory experience, and the
game would additionally offer output through two channels: the visual channel and aural
channel (Edwards, 2018b). Therefore, in the case of the language-selection menu, Lieutenant
Juliet could point out the different available languages both through aural output (spoken text)

and visual output (written text).

Another option could be the addition of an audio menu (Grammenos, 2014). However, since
the game currently does not support this feature, another possibility would be the use of a
separate screen reader, which would already aid enjoyment (Mangiron & Zhang, 2016). Users
could install it on their device, for instance the screen reader offered by Chrome (Google, n.d.).
Keep in mind that this screen reader must be able to offer image description because, at the
moment of this research, the visual information is still only presented as non-verbal images

(Vandenbroucke et al., 2022).

8.1.2 AURAL CHANNEL

The language-selection menu initially does not offer any form of output information through

the aural channel. Therefore, it is not used in this game part.

If the game were to include the aural channel, it could make the language-selection menu into
an audio menu, use voice-overs, or mention that users would have to turn to a screen reader
(Game accessibility guidelines; n.d.-h; Mangiron & Zhang, 2016; Vandenbroucke et al., 2022),

as discussed in section 8.1.1.
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8.1.3 TACTILE CHANNEL

In this menu, players can only use a mouse to interact with the game. At this point, the game
does not offer any form of vibrations to provide helpful output, for example when the mouse
pointer is hovering over different languages (Mejiias-Climent, 2021). Although a mouse and
keyboard are essential to play, there seems to be no option to use a controller or other haptic
devices. Thus, a tactile barrier is created for people who are unable to use a mouse and/or
keyboard (Torrente et al., 2014). Control remapping is not offered either (Game accessibility
guidelines, n.d.-a). As another alternative, it would be helpful to make the game work with
voice input (VI) for pupils who cannot use mouse and keyboard (Torrente et al., 2014).
However, as seen in section 8.1.2 Aural Channel, this option is currently not supported

because there is no information transmission through this channel.

8.2 WELCOME SCREEN: TEACHER MODE

This part is controlled by the teacher. Yet it is still important to discuss, since these elements
ought to be as accessible as possible too, regardless of which user is consulting them.
Moreover, pupils will also get to see it when the teacher projects in on the screen in class

(Immune Patrol, n.d.).

Once the player has selected a language, a ‘Welcome’ screen appears. For this part of the
game, there is also an animated video on YouTube, which elaborates on the basic textual
information provided on the ‘Welcome’ screen through audio and images. This way, the game
does provide aural-verbal information by using spoken text, and at the same time it visually
shows how the game is played through video. This combination of channels is a very effective
way of introducing pupils to the game, since people who learn through both channels are
provided with visual images that additionally clarify the information that is communicated
through spoken text (Barak & Dori, 2011; Mayer, 2005). This is the first example of the game
utilizing the two main channels at the same time, adding pictures to words (Barak & Dori, 2011;
Mayer, 2005). However, it remains essential that these channels can be modified, so that they

all offer the same information to users who cannot access every channel (Edwards, 2018b).
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8.2.1 VISUAL CHANNEL

The “Welcome” screen offers some more information on Immune Patrol. Again, this
information is provided through the visual channel only and presented as text (Immune Patrol,
n.d.). This means that the audience will have to use a screen reader if they have trouble
accessing the visual channel (Mangiron & Zhang, 2016), although the use of a voice-over
(Edwards, 2018b; Game accessibility guidelines, n.d.-h), for instance by Lieutenant Juliet,

would aid enjoyment even more. This feature was discussed in greater detail in section 8.1.1.

Addressing the visual channel of the video mentioned in section 8.2 here, there is no AD
available. This means users who cannot access the visual channel will miss out on a lot of
information. This is also the case for the other videos in the game, which is why the use of AD
will be further elaborated on in section 8.4.1 Visual Channel. Observations made there are
applicable to the video in this section as well. The audio in this video will be discussed in

section 8.2.2.

8.2.2 AURAL CHANNEL

With regards to the aural channel, the game does not provide in-game subtitles for this video.
This may cause an aural barrier. Although this barrier can be temporal on some occasions, it
still needs to be considered. A noisy classroom when playing the game is an example of a
possible temporal aural barrier and subtitles would greatly reduce this problem both

temporarily and permanently (Grammenos, et al., 2009).

Since Immune Patrol does not offer its own subtitles, pupils will have to consult the subtitle
options in YouTube. However, in spite of the fact that YouTube offers automatically generated
subtitles (Google, 2023d), these should not be used as the standard, for they can still consist
of errors (Chan et al., 2019). Furthermore, the automatically generated subtitles are available
in other languages than the video language—English—but this availability does not fully solve
the previously mentioned linguistic barrier in section 8.1.1 Visual Channel (Grammenos, 2014;
Grammenos et al., 2009; Torrente et al.,, 2014). The reason for this is that although these

interlingual and intralingual subtitles may aid native and non-native speakers (Diaz-Cintas,
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2020; Grammenos et al., 2009), it is questionable whether these subtitles will have a positive
effect considering their lack of quality, as Google itself admits that the feature is prone to
misinterpretations, and it omits punctuation (Google, 2023d; Song et al., 2019). This can
increase the cognitive load (Smith et al., 2017). The dissertation will further elaborate on

YouTube generated subtitles in other languages in section 8.4.2.

What does make YouTube an interesting platform to use, is the fact that it offers subtitle
customization (Google, 2023b-d). It also gives creators the option to add their own subtitles
and edit them, or the possibility to edit the subtitles generated by ASR (Google, 2023b-d). SDH
subtitles can also be added (Google, 2023b), although they are not available for this video. As
a result, significant sounds and/or music, elements that may be essential to the game, are not
indicated (Mejiias-Climent, 2021). It would be interesting to add this feature to the videos, as
closed captions can also aid players who have no problems accessing the aural content to
differentiate between what is important and what is not (Mejiias-Climent, 2021). This option
to add SDH does, however, show that accessibility of the existing subtitles can be improved.
As such, the game developers may have made a good choice of not adding their own subtitles
to the YouTube video by burning them onto the screen—then, users would not be able to
customize them through the online platform, likely causing an overlap between the original
subtitles and the added subtitles if they prefer the YouTube subtitles. Therefore, a trade-off
has to be made between the fact that the presence of these subtitles can facilitate learning
by connecting hearing, seeing, and reading (Cao, et al., 2019; Danan, 2004) and the errors
generated by the ASR if the designers do not revise these subtitles or add their own subtitle
files to YouTube (Smith et al., 2017). If Immune Patrol were to fully add the videos in-game—
without linking to YouTube—subtitle customization and the selection of interlingual,
intralingual and SDH subtitles would only be possible if the game offered all of these settings

itself.

In addition, the way these YouTube subtitles are presented must be further discussed. When
they are used to access the aural channel, their design can still affect the user experience
visually (Hamilton, 2015). Text scaling, for instance, is one of the “big four” stressed by
Dealessandri’s article (2022) and the Game accessibility guidelines (n.d.-k). Therefore, it is

good to know that the automatically generated subtitles by YouTube offer a lot of
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customization settings (Google, 2023c). The audience can change their size, which is helpful if
the subtitles are not large enough when watching on a small screen or when the user has
troubles with vision (Game accessibility guidelines, n.d.-b). Subtitle presentation is another
main categorization mentioned in Dealessandri’s article (2022) and the Game accessibility
guidelines (n.d.-k), and YouTube does offer the option to change font style, color, and contrast
(Google, 2023c). These are all very helpful tools. Users can also add or delete letterboxing and
they can additionally adapt the transparency and color of the box (Google, 2023c). This is a
valuable feature, because letterboxing and high contrast help to make subtitles stand out

clearer from the background (Hamilton, 2015).

If all of these findings are taken into consideration, the use of automatically generated
subtitles by YouTube is a good choice to start with, because YouTube offers valuable
customization options, although it is best if these are revised by the game designers to avoid

grammar and spelling mistakes (Song et al., 2019).

8.2.3 TACTILE CHANNEL

Once again, apart from using a mouse, there is no option to choose another (haptic) device or

to remap controls or buttons.

8.3 TEACHER INTRO AND CONTROL PANEL: TEACHER MODE & PUPIL MODE

This part is firstly controlled by the teacher, although pupils will also get to use the control
panel later on. Here, the visual channel will be briefly discussed, as it holds importance in
regard to user settings, which are an essential part of making games accessible (Grammenos,

2014).

When coming to the teacher intro, the user can consult the control panel for the first time.
The panel offers various adjustments, which are: changing the language of the game, starting
a new module, jumping to different modules, deleting the account, logging out, and
downloading the Teacher’s Manual. However, there seem to be no settings that take on a

universally accessible game design offering and supporting adjustments that can fulfill the
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needs of individual users (Grammenos, 2014). This is the so called ‘palette’, as mentioned by
Grammenos (2014), consisting of all customizable gaming elements. To go into further detail,
the user has no access to visual settings (e.g., color adaptions), sound settings or even subtitle
or control settings. The settings menu is therefore not comprehensive enough, as it does not
offer any settings that aid accessibility apart from language setting in regard to linguistic

barriers (Grammenos, 2014).

8.3.1 VISUAL CHANNEL

The control panelis only accessible as visual information. This means that the audience cannot
access it properly if they have difficulties with this channel. Firstly, there is no audio menu or
voice-over available, reading out the control panel options (Game accessibility guidelines,
n.d.-h; Mejiias-Climent, 2021). As a result, the only option for troubled pupils is to use a screen
reader (Mangiron & Zhang, 2016). Secondly, users are also unable to adjust text size for in-

game text if they have low vision (Game accessibility guidelines, n.d.-b-f).

The game does use contrasting colors for the background and the foreground (The
AbleGamers Foundation, 2012). In this case, mostly white and purple. Here, the plain white

background aids readability (Game accessibility guidelines, n.d-e).

Control panel X

Here you can change the language, start a new module, delete your
account and log out.

If you start a new module, you will end the current one and the
progress will not be saved.

Jump to module:

oonoon

English v End game

Delete my account Log out

Download Teacher's Manual

Figure 7: Control panel Immune Patrol © Copenhagen Game Lab
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8.3.2 AURAL CHANNEL

This part of the game does not offer any form of information through the aural channel. The

user is also unable to change any settings related to audio.

8.3.3 TACTILE CHANNEL

The Game accessibility guidelines (n.d.-d) highlighted the importance of being able to use the
same input device for both game menus and gameplay. However, the game menus are only
controllable by mouse, whilst some game parts demand the use of mouse and keyboard. It is
important that this usage is consistent, meaning that if the game has been designed for solely
using mouse, then the entire game and game menus should be able to be played by mouse
only (Game accessibility guidelines, n.d.-d). In the case of Immune Patrol, the use of different
haptic devices, such as controllers, and consistent use of these devices in particular needs to
be taken into consideration to broaden accessibility. Additionally, there is no option to
reconfigure keyboard controls in the menu, although this would be beneficial when it comes
to temporal barriers, for example if pupils are using an AZERTY keyboard instead of a QUERTY

keyboard when writing a text (Game accessibility guidelines, n.d.-a).

8.4 LOG IN SCREEN: PUPIL MODE

Although, according to the Teacher’s Manual, the game should be played in groups, it is still
essential that information can be provided through all different channels, because every pupil
should be able to enjoy the game to the fullest (Mangiron & Zhang, 2016). Moreover, the fact
that the game is primarily designed to be played in a group makes it more likely that the

product needs to adhere to multiple requirements (Greco, 2018).

Firstly, pupils can log in by using the code the teacher provides them with (Immune Patrol,
n.d.). This code consists of numbers only. After they have logged in, the game shows a
‘Welcome screen’ with a brief overview of Immune Patrol. It mentions a video that the pupils

should watch before starting the game (Immune Patrol, n.d.). In section 2.4 Scientific
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information in serious games, Barak & Dori (2011) already wrote that the addition of a video
at the beginning of a class attracts attention and helps to summarize the topic before they
pupils dive into it. It is clear that Immune Patrol also follows this effective way of including
animations in learning environments. The video will now be discussed in greater detail,

focusing on information transmission.

8.4.1 VISUAL CHANNEL

As mentioned in section 8.4, the visual channel offers an animated movie. As seen earlier,
animations, including animated videos or movies, not only increase scientific thinking and
curiosity in pupils (Barak & Dori, 2011) but the combination of images and words also aids
information processing and will help pupils to visualize abstract concepts (Barak & Dori, 2011;
Mayer, 2005; National Research Council, 2011). Some examples: when the game mentions
vaccines, the video pictures an image of a needle filled with medicine, or when the game refers
to viruses, the video provides the viewer with a drawing of a virus (WHO Regional Office for
Europe, 2022a). This way, children get to see an image of scientific concepts—here, viruses—

that they would be unable to observe in their daily lives (National Research Council, 2011).

However, if pupils cannot access the visual channel, they would miss out on a great amount
of valuable information. In that case, the use of AD could be beneficial, for instance, by
describing all visual elements that are of importance in understanding the game, as Mejiias-
Climent (2021) argues. Not only would the presence of AD help lift this visual barrier, but it
could potentially aid all pupils as seen in section 6.3, where it was pointed out that AD can aid
a sighted audience, too, to focus on what is actually important by grasping their attention and
guiding their gaze toward significant elements (Udo & Fels, 2009). However, this process will
be challenging as AD needs to be added between speech and sound without creating any

overlap (Mejiias-Climent 2021).

The addition of AD can also be applied to the introduction video for teachers, as seen in

section 8.2.1. Keep in mind that AD is recently offered by YouTube, but the feature is not yet

widely known (VocalEyes, 2020).
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8.4.2 AURAL CHANNEL

A considerable amount of information in the video is transmitted through speech. Although
the visual channel provides numerous clear visualizations of the concepts and activities
presented, the aural channel is still essential, too, to understand the presented information.,
Similarly to the video discussed in section 8.2.2, subtitles are not automatically visible on
screen to help make the information accessible through other channels when a player is faced
with an aural barrier. At first glance, the subtitles that are provided by YouTube have been
generated by speech recognition and are intralingual (Google, 2023d; WHO Regional Office
for Europe, 2022a), meaning that they are available in the original language of the video which,
in this case, is English. Additionally, the video consists of a lot of sounds that grasp attention,
but these are not subtitled either, as there are no closed captions available. Although YouTube
supports SDH, it was mentioned earlier that creators have to manually add SDH via the creator
menu (Google, 2023b). This means the product is still prone to creating both temporal barriers,
for instance in a noisy classroom (Grammenos, et al., 2009), but also to lasting barriers, such
as for people with hearing impairment (Costales, 2014; IGDA, 2004). Moreover, these
automatic captions provided by YouTube have no punctuation, which may negatively impact
the viewing experience of the pupils (Datta et al., 2020; Song et al., 2019). This was also the
case for the subtitles in section 8.2.2, although this can be fixed if these subtitles are edited

by the creators.

As briefly mentioned in section 8.2.2, there is a possibility to choose automatically generated
subtitles in other languages (Google, 2023b). This will now be discussed in more detail. The
dissertation will look at the Dutch subtitles because Dutch (Flemish) is the author’s native
language. Although the ASR does not make any considerable mistakes in its accuracy, non-
existing punctuation may lower readability (Datta et al., 2020), which also means that the
subtitles do not follow the natural speech flow (Hamilton, 2015). There are also still some
slight translation errors that could negatively impact comprehension (Smith et al., 2017). The
following examples (Figure 8, 9 and 10) show how the absence of punctuation makes these
subtitles very confusing to read. Correspondingly, they contain grammar mistakes due to

slight misinterpretations by the ASR.
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\ daarom hebben we jouw hulp nodig als |

patrouille jij zult er deel van uitmaken van
ERNE;

P Pl ) os1/124 O M % (& O O]

Figure 8: Automatically generated interlingual subtitles by YouTube © WHO Regional Office for Europe, 2022a

ol .

patrouille jij zult er deel van uitmaken van een
eliteteam dat is uitgerust met de kennis die nodig is

> A T

Figure 9: Automatically generated interlingual subtitles by YouTube © WHO Regional Office for Europe, 2022a

eliteteam dat is uitgerust met de kennis die nodig is

om ziektes te bestrijden en levens te redden "

Figure 10: Automatically generated interlingual subtitles by YouTube © WHO Regional Office for Europe, 2022a

The original sentences, in spoken English, were: “This is why we need your help. As a patroller,
you will be part of an elite team equipped with the knowledge needed to fight diseases and
save lives” (WHO Regional Office for Europe, 2022a). The English subtitles generated by the
ASR did not include punctuation. The Dutch subtitles, according to the non-existing
punctuation with mistakes included, could be translated into English as: “that’s why we need
your help as (next line) patrol you will be part of of an (next line) elite team that is equipped
with the knowledge needed (next line) to fight diseases and save lives.” Note that the double
‘of’ is also a mistake by the ASR. Not only the absence of punctuation lowers readability (Datta

et al., 2020), a clear example of an error by the voice recognition system is the translation of
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‘patroller’ as ‘patrol’, which changes the meaning of the sentence and can affect

comprehension (Smith, Crocker & Allman, 2017).

8.4.3 TACTILE CHANNEL

Again, the only useable devices in this part of the game are mouse and keyboard. No control

remapping is available.

8.5 AVATAR CHARACTERIZATION: PUPIL MODE

In this part of the game, the users can create their own avatar. This is worth mentioning, as
the game’s avatar characterization holds similarities to the concept of the ‘virtual patient’,
described by Begg (2008) and Ellaway et al. (2006) in part 2.4 Scientific information in serious
games. As was discussed there, virtual patients are frequently used in health education games,
and they are made as realistic as possible by adding specific information about their age,
gender, and more (Ellaway et al., 2006; National Research Council, 2011). The avatars in
Immune Patrol could in fact be categorized as virtual patients since they can be customized,
which helps making them feel more real in the pupils’ eyes (Immune Patrol, n.d.). Players get
to choose the avatar’s gender, clothing, and facial features (Immune Patrol, n.d.). Just like
virtual patients and real people, these avatars can become ill throughout the game, and the
player has to function as the immune system, protecting their avatar from infections (WHO
Regional Office for Europe, 2022a). In order to do this, the pupils are part of a patrol, and they
learn how to protect their avatar in the Immune Patrol Academy, which is discussed in this
video (WHO Regional Office for Europe, 2022a). This way, a virtual environment is created,
with laboratories and tools that aid teachers because these resources would not be available
otherwise (National Research Council, 2011). Later on in the game, these virtual training
grounds are presented. These are: a briefing room, a combat simulator, an infection simulator,

a laboratory and a press room (WHO Regional Office for Europe, 2022a).
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8.5.1 VISUAL CHANNEL

The character customization consists of only visual information. The menu is designed in such
a way that it does not really create linguistic issues, as players can fully customize their
character by using symbols only. However, the absence of textual information does create a
visual barrier as it consequentially means that a screen reader would not be able to turn text
on screen (visual signs) into speech (aural signs), only if the screen reader supports image
description (Gambier, 2019; Mayer, 2005; Vandenbroucke et al., 2022; Zabalbeascoa, 2018).
In addition, as was the case in section 8.1.1, it would be viable to add text underneath the
symbols to create meaning in both verbal and non-verbal signs (The AbleGamers Foundation,
2012), which would likewise make the use of a screen reader more feasible (Mangiron & Zhang,
2016). Another option is to turn this menu into an audio menu, to point out visual components
that are necessary in the characterization process (Mejiias-Climent, 2021). Lieutenant Juliet
could also help in this process by using voice-overs (Game accessibility guidelines, n.d.-h), for

instance when giving instructions.

Furthermore, the pupils have no option to change any settings in this part of the game.
Consequentially, this means that there are no color settings to overcome visual barriers in
regard to color blindness deficiencies (IGDA, 2004). The entire color spectrum can be selected
for skin color, when customizing an avatar, whereas for hair, clothing and lip color, there are
only a few set options. If these settings cannot be changed, this can cause very different
output results for pupils. The following two pictures provide an example of this: figure 11
shows the original screen for a person with no color blindness deficiencies, whilst figure 12
and figure 13 have been dragged through the color blindness simulator, rendering a color
output for two specific forms of color blindness, namely the game’s colors through
dichromatic view (tritanopia) and a trichromatic view (deuteranomaly) (Colblindor, 2006-2021;
Hasrod & Rubin, 2013; Wickline & Human-Computer Interaction Resource Network, 2000-
2001).
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Figure 11: Avatar characterization Immune Patrol © Copenhagen Game Lab
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Figure 12: Avatar characterization through dichromatic view: blue-blind/tritanopia Immune Patrol © Copenhagen Game

Lab, 2000-2001 Matthew Wickline and the Human-Computer Interaction Resource Network
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Figure 13: Avatar characterization through anomalous trichromatic view: green-weak/deuteranomaly Immune Patrol ©

Copenhagen Game Lab, 2000-2001 Matthew Wickline and the Human-Computer Interaction Resource Network

The presence of color adjustments could greatly aid pupils with varied needs (Grammenos et
al., 2009). Even when working in a group, the pupils could change the color settings to make

sure everyone agrees with the chosen colors.

8.5.2 AURAL CHANNEL

The video game does not present information through the aural channel in this part.

8.5.3 TACTILE CHANNEL

Although there are no other haptic devices to use, apart from mouse and keyboard, it is
interesting to note that the game does save by itself. This means pupils do not have to press
a specific button to save the game. This occurs throughout the entire game and aids

accessibility (Edwards, 2018a).

8.6 MODULE O ON DISEASES AND TRANSMISSION: PUPIL MODE

This section focuses on the way a game module is presented and played. As seen in the
Teacher’s Manual, every module is briefly discussed and information on the theme is provided

for the teacher (Immune Patrol, n.d.). When starting the first module, the game has a teacher
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and pupil mode (Immune Patrol, n.d.). The dissertation will provide an analysis on the pupil

mode, as this is the target audience related to the research.

In light of scientific information in serious games addressing health care topics, the game is
clearly designed in such a way that it teaches scientific principles and helps model science in
an accessible and understandable way (National Research Council, 2011). In the first module,
the pupils firstly have to do a task, which in this case is taking a quiz (Immune Patrol, n.d.).
Pupils have to match definitions about diseases and transmission to the corresponding terms,
and these are printed on paper (Immune Patrol, n.d.). This is a good combination of presenting
information in a visual-verbal way and an aural-verbal way at the same time (Mayer, 2005).
This helps overcome visual and aural barriers because pupils who are faced with aural barriers
can read the definition on paper—while the quiz master covers the right term—and pupils
faced with visual barriers can listen to the definition being read out loud. Secondly, the groups
have to fulfill an online mission (Immune Patrol, n.d.). During this mission, the audience will
have to fill in a report on a specific disease, just like scientific reports modeling diseases
(National Research Council, 2011). This shows that children will additionally develop general
skills (Eshach & Fried, 2005), for example learning how to work in a team, how to think
analytically, how to make decisions and how to communicate (Avci & Kamer, 2018), as the
pupils will have to pick a disease to work on. Immune Patrol itself refers to learning goals and
certain skills to be obtained, such as writing skills or using scientific knowledge to fill in a report
(Immune Patrol, n.d.). Additionally, Covid-19 is an example of a real-life situation they can

learn more about in the game (WHO, 2023).

8.6.1 VISUAL CHANNEL

Before the pupils can start the game, they first get to see a lesson overview. It provides them
with a task, explained in a step-by-step manner accompanied by an example picture and a
mission they have to fulfill. This information is presented in two ways, namely as text (visual-
verbal information) and through an image (visual-nonverbal information). However, this
information is not provided aurally, and consequentially the game does not offer a solution
for visual barriers. Although a screen reader or voice-over would significantly improve

accessibility in this case (Game accessibility guidelines, n.d.-h; Mangiron & Zhang, 2016), it is
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important to note that the teacher’s role must not be left out, because the teacher can follow
tasks in the teacher mode and explain the objectives aurally to the pupils (Immune Patrol,
n.d.). Regarding the possible use of a screen reader as mentioned before, an image description
would also have to be included, otherwise text-to-speech readers would merely be able to tell
the user that there is an image, without describing what exactly it portrays (Vandenbroucke

et al., 2022).

The second important game element pupils are provided with, is the resources tab. It offers
players a YouTube video on diseases and transmission and a mini encyclopedia. The pupils first
have to watch the video as an introduction, which is very effective as a learning method before
starting their tasks (Barak & Dori, 2011). The mini encyclopedia, too, creates meaning through
the combination of visual-verbal signs (words) and visual-nonverbal signs (pictures) (Mayer,
2005). More specifically, the pictures visualize the term the encyclopedia refers to (Immune
Patrol, n.d.). For instance, a picture of bacteria is shown in combination with the more abstract
term—if it is new to the audience—bacteria itself (Immune Patrol, n.d.). In regard to textual
barriers, the information on various scientific terms is presented in short sentences, mainly

consisting of one main idea and a related point, as favored by the Plain English Campaign (n.d.).

Resources

@ video | ([} Mini encyclopedia

Choose from the tags

All Bacteria Cell Disease Immune System
Module 0 Module 1 Module 2 Module 3 Module 4
Module 5 Transmission Vaccination Virus

Articles

ol

U Airbotne

tPansmission

Figure 14: Mini Encyclopedia, Immune Patrol © Copenhagen Game Lab
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In both cases, voice-overs, and screen readers (Game accessibility guide, n.d.-h) could be
helpful. However, there is still no menu for the pupils to change any game settings or activate

these features.

Lastly, the introduction video on YouTube offers no AD track.

8.6.2 AURAL CHANNEL

Aural information is available through the YouTube video only, with no subtitles provided by
the game itself. When watching the video, automatically generated Dutch subtitles by
YouTube were used, which was also the case in section 8.4.2. The subtitles instantly consisted
of a spelling mistake. The English word “welcome” was translated as “Welkome” instead of

“welkom”, creating a textual barrier and linguistic barrier. This is shown in figure 15.

‘j}\»«m

. PATROL

welkome rekruut

4 » Pl ) 003/242 - Introduction >

Figure 15: Automatically generated interlingual subtitles by YouTube: spelling mistake welcome © WHO Regional Office for

Europe, 2022c
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niet genoeg dokters of verpleegsters hebben om
voor al het pati te zorgen Deze ziekten kunnen

4 P> Pl o) 210/242 - Outbreaks >

Figure 16: Automatically generated interlingual subtitles by YouTube: translation mistake patients © WHO Regional Office

for Europe, 2022c

The subtitles have even more grammar mistakes, lowering comprehension (Smith et al., 2017)
and various sentences can become confusing as they have no punctuation. The Dutch subtitles
in figure 16 consist of an interpretation mistake by the generating system. The English
sentence was: “(...) if they don’t have enough doctors or nurses to take care of all the patients”
(WHO Regional Office for Europe, 2022c) and the Dutch subtitles translated “patients” as “het
pati”, a word that is not available on woordenlijst.org or Het Groene Boekje, the official
spelling guide for the Dutch language, meaning that it has no proper meaning. This can
become confusing to pupils who do understand the source language but have hearing
deficiencies and need the English audio (also note that closed captions are unavailable) to
better grasp the context and all details, but also to people who have no problem accessing the
aural channel but may have insufficient understanding of the original language and therefore
need these subtitles as well (Diaz-Cintas, 2020). What is more, in the middle of the video, the
subtitles do randomly have punctuation, but this lasts for no more than 2 sentences, which is

shown in figure 17.
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besmet kunt raken en andere kunt besmetten Zelfs voordat er
symptomen van de ziekte worden vertoond,

14 » »l 19 1:07 / 2:42 - What are infectious diseases > 5 °~n G D E]

Figure 17: Automatically generated interlingual subtitles by YouTube: punctuation © WHO Regional Office for Europe,
2022c

8.6.3 TACTILE CHANNEL

No other devices apart from mouse and keyboard can be used. Any other (haptic) devices are

not supported, or this is not clearly indicated.

8.7 MODULE 4 ON VACCINE DEVELOPMENT: PUPIL MODE

This part of the game takes places in a virtual laboratory, making the game more realistic and
these environments are valuable when it comes to logistic difficulties (Ellaway et al., 2009;

National Research Council, 2011) as children get the chance to explore these scientific settings.

Pupils are to watch two YouTube videos before starting their task and mission (Immune Patrol,

n.d.).

8.7.1 VISUAL CHANNEL

Firstly, there is no option to include AD for the two YouTube videos. This takes away a lot of
the pupils’ understanding if they cannot access the visual channel, because the videos are
highly important in order for pupils to fulfill their tasks and mission. They will have to watch
both videos and then point out differences and similarities in the vaccine development

process (Immune Patrol, n.d.). Although the video also discusses this verbally, the visual
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representation of these steps is a great help for their understanding (National Research
Council, 2011) even when the process would be described by using AD, because AD, as seen
earlier, can aid all pupils as it guides the gaze to the most important steps of the process

(Mejiias-Climent 2021).

Secondly, the pupils are provided with the mini encyclopedia once more, offering them visual
representation of textual information, which is an asset to understanding (Barak & Dori, 2011).
However, the effectiveness for all users depends on whether these images can be described
via text-to-speech through image descriptions on the screen readers (Vandenbroucke et al.,
2022). Another option would be the addition of voice-overs (Game accessibility guidelines,

n.d.-h), similarly to section 8.6.1, for instance through Lieutenant Juliet.

When it comes to providing pupils with information on what to do, this is always presented in
ashort and clear way. As an example, see figure 18 below. The sentences are usually no longer
than 15 to 20 words and the main topic is easily identified (Plain English Campaign, n.d.). Also,
text is shown on a plain background (Game accessibility guidelines, n.d.-e). Now looking at the
pop-up screen in more detail, it would still be a better option to choose different colors for
the box and the written text. Currently, both box and text are different shades of blue. This
combination is not that easily distinguishable, whereas more contrast and a different color for
text and background helps readability (Game accessibility guidelines, n.d.-e). Additionally, as
seen in earlier sections on the visual channel, it would be helpful to include a voice-over that
reads out the instructions on the pop-up screen (Edwards, 2018b; Game accessibility
guidelines, n.d.-h) when lieutenant Juliet is telling pupils what to do, as the information is
currently only provided visually. This is also applicable to all the other sections in which
lieutenant Juliet gives instructions. Likewise, this would aid a more multisensory experience

(Edwards, 2018b).
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Figure 18: Plain and clear language © Copenhagen Game Lab

The actual, interactive game itself is played through the visual channel and presented in both
symbols and written text. This time, however, terms are added underneath the symbols,
which was not the case in section 8.5 on Character Customization. When pupils press these
symbols, they receive some extra information on the vaccine development stage, which they
can use as tips (Immune Patrol, n.d.). However, this extra information often consists of one
very long sentence for many of the different stages, and it would be better to break them
down into parts, all containing a main idea (Game accessibility guidelines, n.d.-j; Plain English
Campaign, n.d.). An example of this is the following hint on the stage ‘large tests’: “The vaccine
can now be tested on a large group of healthy people to find out how well the vaccine protects
against the disease it was developed for, while still keeping an eye on safety” (Immune Patrol,
n.d.). A more feasible option would be to break this sentence down into: “The vaccine can
now be tested on a large group of healthy people. This way, we can find out how well the
vaccine protects against the disease it was developed for. At the same time, we can keep an
eye on safety.” Then, we would have three sentences which all contain a main idea, short and

clear, yet still related to each other, as prescribed by the Plain English Campaign (n.d.).

8.7.2 AURAL CHANNEL

As was the case in previously discussed YouTube videos provided by Immune Patrol, these two
videos do not include subtitles that have been added by the designers. The automatically
generated Dutch subtitles by YouTube repeatedly leave out punctuation, except for one
sentence in the middle of the video, which also happened in the video on infection diseases,

mentioned in section 8.6.2. Apart from this aural barrier and linguistic barrier, the subtitles
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also create a textual barrier. However, these problems can mostly be solved if the game

developers edit and adapt these subtitles through YouTube.

8.7.3 TACTILE CHANNEL

The vaccine development game itself can only be played by using a mouse. Therefore, users
can only interact with the game through the tactile channel, as there are no options to provide
input by voice or another haptic device and there is no control remapping option either (Game
accessibility guidelines, n.d.-a-d-i). Players have to drag different steps of the development
process in a box, placing them into a specific order. It would be a great addition to the game
if players could use voice input (Torrente et al.,, 2014) or another haptic device (Game
accessibility guidelines, n.d.-i) to arrange the different steps into the right order. Vibrations
could also help the player determine where the steps are located and what is important
(Mejiias-Climent, 2021), as could audio cues when hovering close or over a step (Edwards,

2018b).
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Figure 19: Vaccine development game © Copenhagen Game Lab
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9. OVERVIEW OF THE ANALYSIS

The analysis shows that, to a large extend, the three main information channels of the
educational video game Immune Patrol are not yet accessible. This suggests that, in the case
of Immune Patrol, accessibility has not been considered from the start of the design phase, as
strongly suggested by the Game accessibility guidelines (n.d.-k) and Grammenos (2014).
Because of this, the game creates visual, aural, tactile, linguistic, and textual barriers as
identified in the chapter 8. However, various accessibility solutions can still be considered.
Because a discussion on the game’s current accessibility level and the addition of solutions are
already included in the previous chapter, this part will come to a brief overview. This overview

will also include research limitations and suggestions for further research.

The main finding that the game lacks accessibility measures becomes clear when looking at
the four basic accessibility settings stressed in Dealessandri’s article (2022) and the Game
accessibility guidelines (n.d.-c), since none of these are currently available. Firstly, the game
does not offer color blindness settings. Secondly, the crucial feature of text scaling for in-game
text is unavailable. Thirdly, control remapping is not an option, and the only usable devices
are mouse and keyboard. Lastly, subtitle presentation cannot be discussed in regard to the
game itself, as the game does not offer animated videos in-game. The videos have to be

watched on YouTube and they are only available in English.

It must be noted that Immune Patrol makes use of many features that are typical for serious
video games and games on healthcare in particular, which has been discussed in section 2.4.
It contains virtual laboratories and virtual patients (National Research Council, 2011) and it
offers visual and aural information in an efficient way through the combination of spoken
word and animations in YouTube videos (Mayer, 2005). It also provides a combination of
written text and images in-game. As seen earlier, the combination of spoken word and
animations presented through the visual and aural channel creates a multisensory experience
(Edwards, 2018b), which has a positive effect on learning and the gaming experience itself
(Barak & Dori, 2011; Mayer, 2005; SEG Research, 2008). However, this multisensory

experience is largely absent in the game itself, since the game almost exclusively provides
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information through the visual channel. Therefore, we must also keep in mind that
corresponding accessibility measures for animated videos, aiming to make the visual and/or
aural channel accessible, have not been provided by Immune Patrol itself but are offered by

YouTube.

Finally, it has to be noted that there are some limitations to this research. Firstly, an essential
part of assessing accessibility features is also dependent on the user and user reviews
(Larreina-Morales, 2023). This research only laid focus on examining existing guidelines,
because adding user opinions to test game’s accessibility was beyond its scope. However, in
the case of Immune Patrol, it would be useful to hear user opinions after the suggested
measures in this dissertation have been added to the game, since it has become clear that the
game has not yet considered accessibility-making tools. Furthermore, this dissertation briefly
looked at characteristic elements of educational video games and their learning advantages
and although it noted that the game does offer these features, it has not been tested in
practice whether these truly have a positive impact on different users with different needs.
Lastly, no screen reader was used to access the game’s visual information in this research.
Therefore, it would be interesting to test its effectives when used in game parts that contain

only visual-nonverbal information.

10. CONCLUSION

The research question of this dissertation was: in what ways have or can the different

information channels in the educational game, Immune Patrol, be made accessible to pupils?

To underline its relevance, the research firstly provided an overview of the rise in popularity
of video games and their broad appliance in other contexts than entertainment alone, such as
the military, medical and educational field (Michael & Chen, 2006; Yuan et al., 2010). Then
several learning advantages of serious games with specific information on games for science
and healthcare in education were described. Because education is a human right (UNESCO,
n.d.; United Nations, 2015), it is essential that every person can use and enjoy video games
designed for educational purposes and access its content (Pefia-Miguel & Sedano, 2014;

Salvador-Ullauri et al., 2020b). Additionally, accessible games are even more pressing in times
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of crisis such as the Covid-19 pandemic, as Immune Patrol is partially designed with the
pandemic in mind (WHO, 2023). The game teaches children about healthcare, with specific
focus on viruses and the immune system (Copenhagen Game Lab, n.d.). Therefore, all pupils

must be able to access this information.

The analysis was based on a literary research of existing accessibility guidelines for video
games. However, accessibility is still approached in contradicting ways (Greco, 2018; Greco &
Jankowska, 2020) and current game accessibility guidelines need consistency as they take on
various approaches and purposes (Larreina-Morales, 2023). Moreover, these guidelines are
mostly applicable to commercial games, as little attention is paid to guidelines specifically
designed with educational video games in mind (Salvador-Ullauri, et al., 2020b). The reason
for this is that accessibility is generally not considered by developers of serious games,
although many of the features of existing guidelines for commercial games are applicable to

educational games as well (Salvador-Ullauri et al., 2020b).

In order to provide an answer to the research question, this study examined in what ways the
content in the educational video game Immune Patrol had already been made or could still be
made accessible to its target audience of pupils aged 10 to 12. Therefore, the author took on
a social viewpoint in which making the product’s three information transmitting channels
accessible to all was the main aim (Hersh & Leporini, 2013). The analysis focused on the three
main information channels of the source text, which are the visual, aural, and tactile channel.
For each channel, visual, aural, tactile, linguistic and/or textual barriers were identified. In
addition, the research investigated if the game made use of the characteristic features of
serious games and educational games on health information in particular, because these all

add up to the overall enjoyment and understanding of the game content (Grammenos, 2014).

To start with, the current design of the educational video game Immune Patrol does not yet
provide accessibility solutions for existing barriers. This suggests that accessibility has not
been considered from the start of the game’s development, although this is stressed by
various researchers and guidelines, including the Game accessibility guidelines (n.d.-k) and
Grammenos (2014). Although it is possible to make some changes to the game, many in-game

features have not yet been made accessible, and most of these are provided through the
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online platform YouTube or have to be obtained through other haptic devices, such as screen
readers (Mangiron & Zhang, 2016). As a result, troubles occur within all three information

channels.

These missing accessibility considerations become very clear since none of the four basic
accessibility settings, stressed in the article by Dealessandri (2022) and the Game accessibility
guidelines (n.d.-k), are currently available. First of all, the game does not offer color blindness
settings (Grammenos et al., 2009) to overcome visual barriers regarding vision deficiencies.
Secondly, the size of in-game text cannot be changed to overcome temporal barriers, such as
the use of a small screen, or permanent visual barriers, such as low vision (Game accessibility
guidelines, n.d.-b-f). Thirdly, mouse and keyboard are the only offered (haptic) devices to use
in the game and game menu, although it is better to include various device choices (Game
accessibility guidelines, n.d.-i). Despite the fact that control remapping could somewhat
reduce this limiting tactile barrier (Game accessibility guidelines, n.d.-a), this option is also
absent. In this case, a helpful accessibility tool is the available auto-saving feature, which the
game does provide (Edwards, 2018a). Fourthly, because the game does not offer in-game
videos, subtitle presentation can only be discussed for the online platform YouTube, which
already offers some accessibility features to overcome visual and aural barriers, such as the
addition and adaptation of interlingual, intralingual subtitles and SDH (Google, 2023b-c-d).
These subtitles are necessary, because the game currently offers six playable languages,
creating linguistic barriers for the video content, although it aims to add more in the future
(WHO, 2023). Moreover, these interlingual subtitles have not been edited by the game
creators, as they are automatically generated (Google, 2023d), therefore containing grammar
and spelling errors, which may negatively impact comprehension (Smith et al., 2017; Song et
al., 2019). Thus, we must keep in mind that the automatically generated subtitles may lack
quality and are best edited by game developers, or they ought to add their own subtitle files.
Moreover, regarding aural barriers, YouTube also supports the use of a soundtrack for AD
(Google, 2023a), although this is currently unavailable for Immune Patrol. Besides, it must be
noted that this feature is not widely known, and video creators have to manually add it
(VocalEyes, 2020). As a result, if Immune Patrol were to provide these videos in-game, it would
have to offer all previously mentioned features by itself as well. If the developers want to keep

the videos on YouTube, they may have to add a section that explicitly refers to all available
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accessibility measures on YouTube, so that the audience knows that they have to consult these

tools through YouTube.

Linguistic and textual barriers regarding in-game text may be more difficult to overcome since
the game sometimes uses very complex sentences, with more than one or two main ideas.
This is mainly the case in actual game modes, whereas the game’s sources (e.g., the

encyclopedia) are overall presented in a clear and short way (Plain Language Campaign, n.d.).

Furthermore, accessibility for visual-verbal and visual-nonverbal in-game content can only be
overcome by using a screen reader which supports image description (Vandenbroucke et al.,
2022). However, the presence of the game character Lieutenant Juliet poses an opportunity
to add voice-overs that immerse the player and does not take away the gaming experience
(Game accessibility guidelines, n.d.-h). Lastly, for verbal in-game content specifically, the game
creates a clear contrast between background and foreground color, but this feature is lost in

some parts due to the use of different shades of the same color.

Apart from the accessibility analysis, it became clear that Immune Patrol does make use of
many characteristic features of serious video games and games on healthcare in particular. It
offers virtual laboratories and virtual patients (National Research Council, 2011). Furthermore,
it efficiently combines visual and aural information (Mayer, 2005) through animated videos
on YouTube and it applies the combination of written text and images when explaining in-
game tasks and scientific information. This output through the visual and aural channel via
YouTube videos creates a multisensory experience (Edwards, 2018b) which can have a positive
effect on learning and the gaming experience itself (Barak & Dori, 2011). However, this
multisensory experience is largely absent in the game itself, since information transmission

through the aural channel does not happen in-game.

In conclusion, all of these findings add up to the overall absence of a user settings menu or a
so-called inclusive palette that allows players to make accessibility adaptations to the game
and, as such, the absence of accessibility in the three information channels (Grammenos,
2014). Although the game clearly makes use of motivational features characteristic of

healthcare games and lays emphasis on a multisensory experience and multimedia learning
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(Edwards, 2018b; Mayer, 2005), it is not yet designed in such a way that it makes this
information accessible to all its users. However, the game does offer opportunities to add
various accessibility features in the future, which have been discussed in this dissertation, and

the WHO aims to do so (WHO, 2023).

A number of recommendations can be formulated for research on and the analysis of future
educational video games. First of all, as mentioned by Larreina-Morales (2023), there still is
no standard framework for analyzing accessibility in video games and serious games in
particular. This creates inconsistency and makes it hard for researchers to decide which
guidelines to follow (Larreina-Morales, 2023). Therefore, it is helpful to create more
comprehensive and standard guidelines that specifically focus on serious video games. A
second important consideration is to do more research on the testing of accessibility in
different (educational) video games through a combination of accessibility guidelines and user
opinions, as users play a key role in game development (Game accessibility guidelines, n.d.-k;
Larreina-Morales, 2023). Lastly, since health education video games contain very
characteristic elements, such as virtual laboratories and virtual patients (National Research
Council, 2011), it would be interesting to test in practice how these elements are received by

users who face barriers within the game’s different information channels.

Despite the pervasive presence of video games in today’s society, their accessibility remains
limited, thereby excluding certain individuals (Torrente et al., 2014; Yuan et al., 2010). Various
barriers still impede many users from accessing and enjoying (educational) video games (Yuan
et al., 2010). Nonetheless, this research has shown that plenty of strategies exist to enhance
their accessibility and that there are many possibilities for both practical applications and

scholarly inquiries.

75



11. BIBLIOGRAPHY

Accessible.Games. (2022a). Distinguish this from that. The AbleGamers Foundation.
https://accessible.games/accessible-player-experiences/access-patterns/distinguish-

this-from-that/

Accessible.Games. (2022b).  Flexible  Controllers. The AbleGamers Foundation.
https://accessible.games/accessible-player-experiences/access-patterns/flexible-

controllers/

Aguado-Delgado, J., Gutiérrez-Martinez, J. M., Hilera, J. R., de-Marcos, L., & Otdn, S. (2020).
Accessibility in video games: a systemic review. Universal Access in the Information

Society, 19(1), 169-193. https://doi.org/10.1007/s10209-018-0628-2

Avci, E. D., & Kamer, D. (2018). Views of teachers regarding the life skills provided in science
curriculum.  Eurasian  Journal of  Educational  Research, 77, 1-18.
https://eric.ed.gov/?id=EJ1192961#:~:text=Findings%3A%20This%20study%20reveal
ed%20that,daily%20life%20was%20significantly%20low.

Barak, M. & Dori, Y. J. (2011). Science education in primary school: Is an animation worth a
thousand pictures? Journal of Science Education and Technology, 20(5), 608-620.
https://doi.org/10.1007/s10956-011-9315-2

Becker, K. (2021). What’s the difference between gamification, serious games, educational
games, and game-based learning? Academia Letters, Article 209.

https://doi.org/10.20935/AL209

Begg, M. (2008). Leveraging game-informed healthcare education. Medical Teacher, 30(2),
155-158. https://doi.org/10.1080/01421590701874041

76



Bierre, J. K., Chetwynd, J., Ellis, B., Dum, M., Ludi, S., & Westin, T. (2005, July 22-27). Game
not over: Accessibility issues in video games [Conference session]. 11th International
Conference on Human-Computer Interaction, Las Vegas, Nevada, USA.
https://www.researchgate.net/publication/267403944 _Game_Not_Over_Accessibilit

y_lIssues_in_Video_Games

BiopticDriving. (2010, 27 April). Achromatopsia: Blue Cone Monochromatism [Video]. YouTube.
https://www.youtube.com/watch?v=XAfNMf5kNJI

BrainPOP. (n.d.). Helping kids understand their world. https://about.brainpop.com

Can [ Play That? (n.d.). Accessibility reference guides.

https://caniplaythat.com/category/resources/accessibility-reference-guides/

Cao, J,, Yang, R., & He, L. (2019, 28-21 October). Effect of subtitle presentation types on
students’ learning outcome and cognitive load [Conference session]. Proceedings of
the 2019 11th International conference on education technology and computers, New

York, USA. https://doi.org/10.1145/3369255.3369268

Cardona-Reyes, H., Mundz-Arteaga, J., Mitre-Ortiz, A., & Villalba-Condori, K. O. (2021). Model-
driven approach of virtual interactive environments for enhanced user experience.

Applied Sciences, 11(6), 2—26. https://doi.org/10.3390/app11062804

Chakraborty, J., Hritz, J., & Dehlinger, J. (2014). Preliminary results in the understanding of
accessibility challenges in computer gaming for the visually impaired. In P. M. Langdon,
J. Lazar, A. Heylighen & H. Dong (Eds.), Inclusive design: Joining usability, accessibility,
and inclusive  design.  Springer International  Publishing  Switzerland.

https://doi.org/10.1007/978-3-319-05095-9

Chan, W. S., Kruger J.-L. & Doherty, S. (2019). Comparing the impact of automatically

generated and corrected subtitles on cognitive load and learning in a first- and second-

77



language educational context. Linguistica Antverpiensia, New Series: Themes in

Translation Studies, 18, 237-272. https://doi.org/10.52034/lanstts.v18i0.506

Colblindor. (2006-2021). Coblis: Color Blindness Simulator. Colblindor. https://www.color-

blindness.com/coblis-color-blindness-simulator/

Colblindor. (n.d.-a). Deuteranopia: Red-green color blindness. https://www.color-

blindness.com/deuteranopia-red-green-color-blindness/

Colblindor. (n.d.-b). Protanopia: Red-green color blindness. https://www.color-

blindness.com/protanopia-red-green-color-blindness/

Colblindor. (n.d.-c). Tritanopia: Blue-yellow color blindness. https://www.color-

blindness.com/tritanopia-blue-yellow-color-blindness/

Colblindor. (n.d.-d). What is colorblindness? https://www.color-blindness.com/what-is-color-

blindness/

Copenhangen Game Lab. (n.d.). Immune Patrol: Developed for WHO.
https://cphgamelab.dk/en/skraeddersyede-laeringsspil/immune-patrol/

Costales, A. F. (2014). Translating fun for all: Promoting accessibility in video games. In C.
Mangiron, P. Orero & M. O’Hagan (Eds.), Fun for all: Translation and accessibility
practices in video games (pp. 45—66). Peter Lang. https://doi.org/10.3726/978-3-0351-
0667-1

Danan, M. (2004). Captioning and subtitling: Undervalued language learning strategies. Meta,
49(1), 67-77. https://doi.org/10.7202/009021ar

Datta, P., Jakubowicz, P., Vogler, C., & Kushalnagar, R. (2020). Readability of punctuation in

automatic subtitles. In K Miesenberger, R. Manduchi, M. Covarrubias-Rodriguez & P.

78



Penaz (Eds.), Lecture Notes in Computer Science (vol. 12377, pp. 195-201). Springer,
Cham. https://doi.org/10.1007/978-3-030-58805-2_23

de Freitas, S., & Liarokapis, F. (2011). Serious games: a new paradigm for education? In M. Ma,
A. Oikonomou, & L. C. Jain (Eds.), Serious games and edutainment applications (pp. 9—

23). Springer. https://doi.org/10.1007/978-1-4471-2161-9 2

de Linde, Z. & Kay, N. (1999). The semiotics of subtitling. Routledge.
https://doi.org/10.4324/9781315538686

Dealessandri, M. (2022). A beginner’s guide to making your game accessible. Games Industry
Biz. Retrieved May 26, 2023, from https://www.gamesindustry.biz/a-beginners-guide-

to-making-your-game-accessible

Diaz-Cintas, J. (2020). The name and nature of subtitles. In In £, Bogucki & M. Deckert (Eds.),
The Palgrave handbook of audiovisual translation and media accessibility, (1t ed., pp.

149-172). Palgrave Macmillan Cham. https://doi.org/10.1007/978-3-030-42105-2

Doof Vlaanderen. (n.d.) Correcte terminologie. https://www.doof.vlaanderen/doof-

vgt/correcte-terminologie-0

Edwards, R. (2018a). Saving. Accessible Video Game Design.

http://accessiblegamedesign.com/guidelines/saving.html

Edwards, R. (2018b, December 8). 5 big ideas for designing accessible video games. Medium.
Retrieved May 23, 2023, from https://medium.com/@ruthieee/5-big-ideas-for-

designing-accessible-video-games-e403a2c5d4d7
Ellaway, R., Candler, C., Greene, P., & Smothers, V. (2006). An architectural model for

MedBiquitous virtual patients. [White paper]. MedBiquitous Virtual Patient Working

Group.

79



http://groups.medbiq.org/medbiqg/display/VPWG/MedBiquitous+Virtual+Patient+Arc

hitecture

Ellaway, R., Poulton, T., Uno, F., McGee, J. B., & Albright, S. (2009). Building a virtual patient
commons, Medical Teacher, 30(2), 170-174.
https://doi.org/10.1080/01421590701874074

Entertainment Software Association (ESA). (2022). 2022 essential facts about the video game
industry.  https://www.theesa.com/resource/2022-essential-facts-about-the-video-

game-industry/

Eshach, H. & Fried, M. N. (2005). Should science be taught in early childhood? Journal of
Science Education and Technology, 14, 315-336. https://doi.org/10.1007/s10956-005-
7198-9

European Commission. (2019, April 17). DIRECTIVE (EU) 2019/882 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 17 April 2019 on the accessibility requirements
for products and services. Official Journal of the European Union. https://eur-

lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0882

European Education and Culture Executive Agency, Eurydice, Horvath, A., Motiejlnaité-
Schulmeister, A., Noorani, S., & Monseur, C. (2022). Teaching and learning in schools
in Europe during the covid-19 pandemic. Publications Office of the European Union.

https://data.europa.eu/doi/10.2797/1056

Gambier, Y. (2019). Audiovisual translation and reception. Slovo.ru: baltijskij accent, 10(1), 52—
68. https://doi.org/10.5922/2225-5346-2019-1-4.

Game accessibility guidelines. (n.d.-a). Allow controls to be remapped/reconfigured. Retrieved

May 23, 2023, from https://gameaccessibilityguidelines.com/allow-controls-to-be-

remapped-reconfigured/

80



Game accessibility guidelines. (n.d.-b). Allow subtitle/caption presentation to be customised.
Retrieved May 23, 2023, from https://gameaccessibilityguidelines.com/allow-

subtitlecaption-presentation-to-be-customised/

Game accessibility guidelines. (n.d.-c). Basic. Retrieved May 23, 2023, from

https://gameaccessibilityguidelines.com/basic/

Game accessibility guidelines. (n.d.-d). Ensure that all areas of the user interface can be
accessed using the same input method as the gameplay. Retrieved May 23, 2023, from
https://gameaccessibilityguidelines.com/ensure-that-all-areas-of-the-user-interface-

can-be-accessed-using-the-same-input-method-as-the-gameplay/

Game accessibility guidelines. (n.d.-e). Ensure no essential information is conveyed by a fixed
colour alone. Retrieved May 23, 2023, from
https://gameaccessibilityguidelines.com/ensure-no-essential-information-is-

conveyed-by-a-colour-alone/

Game accessibility guidelines. (n.d.-f). If any subtitles / captions are used, present them in a
clear, easy to read  way. Retrieved May 23, 2023, from

https://gameaccessibilityguidelines.com/use-simple-clear-language/

Game accessibility guidelines. (n.d.-g). Provide an audio description track. Retrieved May 23,
2023, from https://gameaccessibilityguidelines.com/provide-an-audio-description-

track/

Game accessibility guidelines. (n.d.-h). Provide pre-recorded voiceovers for all text, including
menus and installers. Retrieved May 24, 2023, from
https://gameaccessibilityguidelines.com/provide-full-internal-self-voicing-for-all-text-

including-menus-and-installers/

81



Game accessibility guidelines. (n.d.-i). Support more than one input device. Retrieved May 23,
2023, from https://gameaccessibilityguidelines.com/support-more-than-one-input-

device/

Game accessibility guidelines. (n.d.-j). Use simple clear language. Retrieved May 23, 2023,

from https://gameaccessibilityguidelines.com/use-simple-clear-language/

Game accessibility guidelines. (n.d.-k). Why and how. Retrieved May 23, 2023, from

https://gameaccessibilityguidelines.com/why-and-how/

Garza, T. J. (1991). Evaluating the use of captioned video materials in advanced foreign
language learning. Foreign Language Annals, 24(3), 239-258.
https://doi.org/10.1111/j.1944-9720.1991.tb00469.x

Genetic and Rare Diseases Information Center. (2023, February). Blue cone monochromatic.

https://rarediseases.info.nih.gov/diseases/917/blue-cone-monochromatism

Google. (n.d.). Screen reader. Chrome Web Store.
https://chrome.google.com/webstore/detail/screen-

reader/kgejglhpjiefppelpmljglcjbhoiplfn

Google. (2023a). Add an audio track to your video. YouTube Help.
https://support.google.com/youtube/answer/94316?hl=en

Google. (2023b). Add subtitles & captions. YouTube Help.
https://support.google.com/youtube/answer/2734796?hl=en&ref_topic=7296214&s
jid=15988394735192663264-EU

Google. (2023c). Edit or remove captions. YouTube Help.
https://support.google.com/youtube/answer/2734705?hl=en&ref_topic=7296214&s
jid=15988394735192663264-EU

82



Google. (2023d). Use automatic captioning. YouTube Help.
https://support.google.com/youtube/answer/6373554?hl=en&ref_topic=7296214&s
jid=15988394735192663264-EU

Grammenos, D., Savidis, A., & Stephanidis, C. (2009). Designing universally accessible games.

Computers in Entertainment, 7(1), 1-29. https://doi.org/10.1145/1486508.1486516

Grammenos, D. (2014). From game accessibility to universally accessible games. In C.
Mangiron, P. Orero & M. O’Hagan (Eds.), Fun for all: Translation and accessibility
practices in video games (pp. 21-44). Peter Lang. https://doi.org/10.3726/978-3-0351-
0667-1

Greco, G. M. (2016). On accessibility as a human right, with an application to media
accessibility. In A. Matamala & P. Orero (Eds.), Researching audio description (pp. 11—
33), Palgrave studies in translating and interpreting. Palgrave Macmillan, London.

https://doi.org/10.1057/978-1-137-56917-2_2

Greco, G. M. (2018). The nature of accessibility studies. Journal of Audiovisual Translation,

1(1), 205-232. https://doi.org/10.47476/jat.v1i1.51

Greco, G. M. & Jankowska, A. (2020). Media accessibility within and beyond audiovisual
translation. In t, Bogucki & M. Deckert (Eds.), The Palgrave handbook of audiovisual
translation and media accessibility, (1% ed., pp. 57-82). Palgrave Macmillan Cham.

https://doi.org/10.1007/978-3-030-42105-2

Hamilton, I. (2015). How to do subtitles well: basics and good practices. Game Developer.
https://www.gamedeveloper.com/audio/how-to-do-subtitles-well-basics-and-good-

practicesttclose-modal

Harolds, J. A. (2012). Tips for giving a memorable presentation, part IV: Using and composing
PowerPoint slides. Clinical Nuclear Medicine, 37(10), 977-980.
https://doi.org/10.1097/RLU.0b013e3182614219

83



Hasrod, N., & Rubin A. E. (2016). Defects of colour vision: A review of congenital and acquired
colour vision deficiencies. African Vision and Eye Health, 75(1), Article 365.

http://dx.doi.org/10.4102/aveh.v75i1.365

Hersh, A. M., & Leporini, B. (2013). An overview of accessibility and usability of educational
games. In C. Gonzalez (ed.), Student usability in educational software and games:
Improving experiences. (pp. 1-40). 1GI Global. https://doi.org/10.4018/978-1-4666-
1987-6.ch001

National Research Council. (2011). Learning science through computer games and simulations
(M. A. Honey & M. L. Hilton, Eds.). The National Academies Press, Washington DC.
https://doi.org/10.17226/13078

Huntemann, N. B., & Payne, M. T. (Eds.). (2009). Joystick soldiers: The politics of play in military
video games. Routledge. https://doi.org/10.4324/9780203884461

Immune Patrol. (n.d.) Teacher’s manual. [Manual]. World Health Organization.

https://www.ungm.org/Public/Notice/115483

International Game Developers Association. (2004). Accessibility in games: Motivations and
approaches. [White paper]. International Game Developers Association. https://igda-

gasig.org/wp-content/uploads/2011/10/igda_accessibility _whitepaper.pdf

Kato, P. H., Cole, S. W., Bradlyn, A. S., & Pollock, B. H. (2008). A video game improves
behavioral outcomes in adolescents and young adults with cancer: a randomized trial.

Pediatrics, 122(2), 305-317. https://doi.org/10.1542/peds.2007-3134
Kirriemuir, J., & McFarlane, A. (2003, November 4-6). Use of computer and video games in the

classroom [Conference Session]. Proceedings of the Level Up Digital Games Research

Conference, Universiteit Utrecht, Netherlands.

84



https://www.researchgate.net/publication/221217309_Use_of Computer_and_Vide

o_Games_in_the_Classroom

Kwegyiriba A., Mensah R. O., & Uwesi E. (2022). The use of audio-visual materials in teaching
and learning process in Eiffa Junior High School. Technicum Social Sciences Journal, 31,

106—-114. https://doi.org/10.47577/tssj.v31i1.6399

Larreina-Morales, M. E. (2023). How accessible is this video game? An analysis tool in two

steps. Games and Culture, 0(0), 1-19. https://doi.org/10.1177/15554120231154710

Liao, S., Kruger, J.-L., & Doherty, S. (2020). The impact of monolingual and bilingual subtitles
on visual attention, cognitive load, and comprehension. Journal of Specialised

Translation, (33), 70-98. https://www.jostrans.org/issue33/art_liao.pdf

Malakul, S., & Park, I. (2023). The effects of using an auto-subtitle system in educational videos
to facilitate learning for secondary school students: learning comprehension, cognitive
load, and satisfaction.  Smart  Learn Environments, 10(4), 1-17.

https://doi.org/10.1186/s40561-023-00224-2
Mangiron, C. (2012). Exploring new paths towards game accessibility. In A Remael, P. Orero &
M. Caroll (Eds.), Audiovisual Translation and Media Accessibility at the Crossroads (pp.

43-59). Brill. https://doi.org/10.1163/9789401207812_005

Mangiron, C. (2018). Game on! Burning issues in game localization. Journal of Audiovisual

Translation, 1(1),122—138. https://jatjournal.org/index.php/jat/article/view/48/7

Mangiron, C., Orero, P. & O’Hagan, M. (Eds.). (2014). Fun for all: Translation and accessibility
practices in video games. Peter Lang. https://doi.org/10.3726/978-3-0351-0667-1/12

Mangiron, C. & Zhang, X. (2016). Game accessibility for the blind: Current overview and the

potential application of audio description as the way forward. In A. Matamala & P.

85



Orero (Eds.), Researching audio description (pp. 75-95). Springer.
https://doi.org/10.1057/978-1-137-56917-2

Marti-Parrefio, J., Galbis-Cérdova, A., & Miquel-Romero, M. J. (2018). Students’ attitude
towards the use of educational video games to develop competencies. Computers in

Human Behavior, 81, 366—-377. https://doi.org/10.1016/j.chb.2017.12.017

Matamala, A. (2021). Audio description. In Y. Gambier & L. van Doorslaer (Eds.), Handbook of
translation studies, (Vol. 5, pp. 17-22). John Benjamins. https://doi.org/10.1075/hts

Mayer, R. E. (2005). Cognitive theory of multimedia learning. In R. E. Mayer (Ed.), The
Cambridge handbook of multimedia learning (pp. 31-48). Cambridge University Press.
https://doi.org/10.1017/CB09780511816819.004

Media Accessibility Platform. (2017). Media accessibility and access services.

https://mapaccess.uab.cat/media-accessibility-and-access-services

Mejiias-Climent, L. (2021). Enhancing video game localization through dubbing. Palgrave

Macmillan Cham. https://doi.org/10.1007/978-3-030-88292-1

Michael, D. R. & Chen, S. (2006). Serious games: Games that educate, train, and inform. Boston
MA: Thomson Course Technology.
https://www.researchgate.net/publication/234812017 _Serious_Games_Games_That

_Educate_Train_and_Inform

Microsoft. (2023, January 4). Xbox accessibility guidelines v3.1. Microsoft. Retrieved May 9,

2023, from https://learn.microsoft.com/en-us/gaming/accessibility/guidelines

Rueda, M. M., & Cerero, J. F. (2021). Use of digital game in inclusive education: a systemic
review. In C. B. Videla, C. B. Bravo, E. L. Meneses & A. L. de la Rosa (Eds.), Teaching in
social sciences. Learning centered in the student with ICTS, (1% ed., pp. 113-123).

Dykinson, S. L. https://doi.org/10.2307/j.ctv20hcvin.12

86



Neves, J. (2019). Subtitling for deaf and hard of hearing audiences: moving forward. In L.
Pérez-Gonzalez (Ed.), The Routledge handbook of audiovisual translation, (1% ed., pp.

pp. 82-95). Routledge. https://doi.org/10.4324/9781315717166

Pallavicini F., Ferrari A., & Mantovani F. (2018). Video games for well-being: A systematic
review on the application of computer games for cognitive and emotional training in
the adult population. Frontiers in Psychology, 9, Article 2127, 1-16.
https://doi.org/10.3389/fpsyg.2018.02127

Pefia-Miguel, N., & Sedano, H. M. (2014). Educational games for learning. Universal Journal of

Educational Research, 2(3), 230-238. https://doi.org/10.13189/ujer.2014.020305

Plain English Campaign. (n.d.). How to write in plain English.

https://www.plainenglish.co.uk/files/howto.pdf

Porter, J. R., & Kientz, J. A. (2013, October). An empirical study of issues and barriers to
mainstream video game accessibility [Conference session]. Proceedings of the 15th
International ACM SIGACCESS Conference on Computers and Accessibility (ASSETS '13).
Association for Computing Machinery, New York, USA.
https://doi.org/10.1145/2513383.2513444

Radiosilents. (2017). If I can perform 90% of in-game actions using ONLY the mouse, don't
make me pick up a keyboard for [Comment on the online forum post deleted by user].

Reddit. https://www.reddit.com/r/gamedev/comments/5sgd50/comment/ddg4lej/
Raja, R., & Nagasubramani, P. C. (2018). Impact of modern technology in education. Journal

of Applied and Advanced Research, 3(1), 33-35.
https://doi.org/10.21839/jaar.2018.v3iS1.165

87



Rieber, L. P. (2005). Multimedia in games, simulations, and microworlds. In R. E. Mayer (Ed.),
The Cambridge handbook of multimedia learning (pp. 549-567). Cambridge University
Press. https://doi.org/10.1017/CB09780511816819.034

R8S ENTERTAINMENT LTD (n.d.). The secret to creating more accessible games. Room8 Studio.

https://room8studio.com/news/the-secret-to-creating-more-accessible-games/

Salvador-Ullauri, L., Acosta-Vargas, P., & Lujan-Mora, S. (2020a). Accessibility evaluation of
video games for users with cognitive disabilities. In T. Z. Ahram, W. Karwowski, A.
Vergnano, F. Leali & R. Taiar (Eds.), Advances in intelligent systems and computing:
Proceedings of the 3 International Conference on Intelligent Human Systems
Integration 2020 (Vol. 1131, pp. 853-859). Springer, Cham.
https://doi.org/10.1007/978-3-030-39512-4 130

Salvador-Ullauri L., Acosta-Vargas P., & Lujan-Mora, S. (2020b). Web-based serious games and
accessibility: A systematic literature review. Applied Sciences, 10(21).

https://doi.org/10.3390/app10217859

SEG Research. (2008). Understanding multimedia learning: Integrating multimedia in the K-12
classroom. https://cdn-about.brainpop.com/wp-

content/uploads/2017/11/Understanding-Multimedia-Learning-2014.pdf

Selwyn, Neil. (2013). Education in a digital world: global perspectives on technology and
education. Routledge. https://www.routledge.com/Education-in-a-Digital-World-

Global-Perspectives-on-Technology-and-Education/Selwyn/p/book/9780415808453
Smith, C., Crocker, S. & Allman, T. (2017) Reading between the lines: Accessing information

via YouTube’s automatic captioning. Online Learning, 21(1), 115-131.

http://dx.doi.org/10.24059/0lj.v21i1.823

88



Song, H.-J., Kim, H.-K., Kim, J.-D., Park, C.-Y., & Kim, Y.-S. (2019). Inter-sentence segmentation
of YouTube subtitles using long-short term memory (LSTM). Applied Sciences, 9(7), 2—
10. https://doi.org/10.3390/app9071504

Sugimoto, M. (2007, March 26-28). What can children learn through game-based learning
systems? [Conference session]. First IEEE International Workshop on Digital Game and
Intelligent Toy Enhanced Learning (DIGITEL'07), Jhongli, Taiwan,

https://ieeexplore.ieee.org/document/4148825/citations#citations

Susi, T., Johannesson, M., & Backlund, P. (2007). Serious games: an overview. elLearning,

73(10), 1-28. https://www.diva-portal.org/smash/get/diva2:2416/FULLTEXTO1.pdf

Taylor, B. (2023). The future of elearning: How technology is transforming education.
elLearning Industry.  https://elearningindustry.com/the-future-of-elearning-how-

technology-is-transforming-education

The AbleGamers Foundation. (2012). Includification: A practical guide to game accessibility
[Accessibility Guideline]. The AbleGamers Foundation. https://accessible.games/wp-
content/uploads/2018/11/AbleGamers_Includification.pdf

The Deaf Health Charity SignHealth (n.d.). What is the difference between deaf and Deaf?

SignHealth. https://signhealth.org.uk/resources/learn-about-deafness/deaf-or-deaf/

The Royal National Institute of Blind People (2009). Audio Description For Children.
https://access2arts.org.au/wp-
content/uploads/2017/02/AD_for_Children_Guidelines.pdf

Torrente, J., Del Blanco, A., Moreno-Ger, P., Martinez-Ortiz, I., & Ferndndez-Manjén, B. (2014).
From game accessibility to universally accessible games. In C. Mangiron, P. Orero & M.
O’Hagan (Eds.), Fun for all: Translation and accessibility practices in video games (pp.

67-90). Peter Lang. https://doi.org/10.3726/978-3-0351-0667-1

89



Udo, J. P., & Fels, D. I. (2009). The rogue posterchildren of universal design: closed captioning
and audio description. Journal of Engineering Design, 21 (2-3), 207-221.
http://dx.doi.org/10.1080/09544820903310691

UNESCO. (n.d.). The right to education: every human being has the right to quality education
and lifelong learning opportunities. https://www.unesco.org/en/right-
education#:~:text=Education%20is%20a%20basic%20human,inequalities%20and%20

ensure%20sustainable%20development

United Nations. (2015). Universal declaration of human rights.

https://www.un.org/en/udhrbook/pdf/udhr_booklet_en_web.pdf

Vandenbroucke, M., Reviers, N., Vercauteren, G., Geerinck, B., Jankowska, A., Vermeire, L.,
Vandamme, A.-M., Hannes, K., Wermuth, M.-C., Thyssen, P., Wopereis, D., Van Opstal,
H., Van Hoeck, T., Ajoulat, I., Doumont, D., Lambert, H., Le Boulengé, O., Lemal, M., van
de Veerdonk, W., & Talboom, S. (2022). Towards an inclusive Covid-19 crisis
communication policy in Belgium: the development and validation of strategies for
multilingual and media accessible crisis communication. Final Report. Sciensano.
https://medialibrary.uantwerpen.be/files/157913/cbe44bb0-2872-4d98-8bc1-
cbcc89fabeab.pdf

VocalEyes. (2022, October 1). New descriptive audio feature on YouTube. Retrieved on May

23, 2023, from https://vocaleyes.co.uk/new-descriptive-audio-feature-on-youtube/
WHO. (2020). Revision and optimization of the game-based education package on vaccines
and the immune system: Immune patrol. United Nations Global Market.

https://www.ungm.org/Public/Notice/115483

WHO Regional Office for Europe. (2022a, May 18). Immune Patrol — Overview [Video].
YouTube. https://www.youtube.com/watch?v=eCMuU-MuyfU

90



WHO Regional Office for Europe. (2022b, May 18). Immune Patrol — Teacher tutorial [Video].
YouTube. https://www.youtube.com/watch?v=5eKm9JBH1hA

WHO Regional Office for Europe. (2022c, May 18). Module 0: Diseases and transmission

[Video]. YouTube. https://www.youtube.com/watch?v=0wxppZvKnjM

Wijman, T. (2019). The global games market will generate 5152.1 billion in 2019 as the U.S.
overtakes China as the biggest market [Infographic]. Newzoo.
https://newzoo.com/insights/trend-reports/newzoo-global-games-market-report-

2019-light-version

Wijman, T. (2020, May 8). The world’s 2.7 billion gamers will spend 5159.3 billion on games in
2020; The market will surpass 5200 billion by 2023. Newzoo.
https://newzoo.com/insights/articles/newzoo-games-market-numbers-revenues-

and-audience-2020-2023

Wickline, M., & Human-Computer Interaction Resource Network. (2000—-2001). Coblis: Color
blindness simulation function [Color blindness simulator]. https://www.color-

blindness.com/coblis-color-blindness-simulator/

World Health Organization. (2023, March 6). Game-based learning platform Immune Patrol
increases children’s knowledge of infectious diseases and vaccination.
https://www.who.int/europe/news-room/photo-stories/item/game-based-learning-
platform-immune-patrol-increases-children-s-knowledge-of-infectious-diseases-and-

vaccination

Yuan, B., Folmer, E., & Harris. F. C. (2010). Game accessibility: a survey. Universal Access in the

Information Society, 10(1), 81-100. https://doi.org/10.1007/s10209-010-0189-5

Zabalbeascoa, P. (2008). The nature of the audiovisual text and its parameters. In J. Diaz-Cintas
(Ed.), The didacts of audiovisual translation (pp. 21-37). John Benjamins Publishing
Company. https://doi.org/10.1075/btl.77.05zab

91



Zéarate, S. (2021). Captioning and subtitling for the d/Deaf and Hard-of-hearing. UCL Press.
https://doi.org/10.2307/j.ctv14t478b

Zyda, M. (2005). From visual simulation to virtual reality to games. IEEE Computer, 38(9), 25—
32. https://doi.org/10.1109/MC.2005.297

92



12. LIST OF FIGURES

Figure 1: Annual growth rate of the total video game market, Wijman, T. © 2019 Newzoo

Figure 2: the four elements of audiovisual products, Zabalbeascoa, P. © 2008 John Benjamins

Publishing Company

Figure 3: Training grounds of Immune Patrol © Copenhagen Game Lab

Figure 4: Title screen and language selection of Immune Patrol © Copenhagen Game Lab

Figure 5: Romanian flag through dichromatic view: Blue-Blind/Tritanopia © 2000-2001

Matthew Wickline and the Human-Computer Interaction Resource Network

Figure 6: Romanian flag through monochromatic view: Blue Cone/Monochromacy © 2000-

2001 Matthew Wickline and the Human-Computer Interaction Resource Network

Figure 7: Control panel, Immune Patrol © Copenhagen Game Lab

Figure 8: Automatically generated interlingual subtitles by YouTube © 2022a WHO Regional
Office for Europe

Figure 9: Automatically generated interlingual subtitles by YouTube © 2022a WHO Regional

Office for Europe

Figure 10: Automatically generated interlingual subtitles by YouTube © 2022a WHO Regional

Office for Europe

Figure 11: Avatar characterization, Immune Patrol © Copenhagen Game Lab

93



Figure 12: Avatar characterization through dichromatic view: blue-blind/tritanopia, Immune
Patrol © Copenhagen Game Lab, 2000-2001 Matthew Wickline and the Human-Computer
Interaction Resource Network

Figure 13: Avatar characterization through anomalous trichromatic view: green-
weak/deuteranomaly, Immune Patrol © Copenhagen Game Lab, 2000-2001 Matthew
Wickline and the Human-Computer Interaction Resource Network

Figure 14: Mini Encyclopedia, Immune Patrol © Copenhagen Game Lab

Figure 15: Automatically generated interlingual subtitles by YouTube: spelling mistake

welcome © 2022¢c WHO Regional Office for Europe

Figure 16: Automatically generated interlingual subtitles by YouTube: translation mistake

patients © 2022c WHO Regional Office for Europe

Figure 17: Automatically generated interlingual subtitles by YouTube: punctuation © 2022c

WHO Regional Office for Europe

Figure 18: Plain and clear language, Immune Patrol © Copenhagen Game Lab

Figure 19: Vaccine development game, Immune Patrol © Copenhagen Game Lab

94



