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Abstract DIESEL-X is a computer game that was developed to detect a high risk
for developing dyslexia in preschoolers. The game includes three mini-games that
test the player on three skills that are considered to yield outcome measures that
predict the onset of dyslexia: the detection threshold of frequency modulated tones,
a test on phonological awareness in which the player has to identify words that have
the same phonetic ending, and a test on letter knowledge. In order to keep the moti-
vation of the player high during testing, these tests are embedded in a computer
game. We discuss the participatory design process that was adopted to design and
develop the game, the rationale behind the design decisions, and we describe the
resulting games.
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Introduction

What Is Dyslexia?

Dyslexia is a neurodevelopmental disorder that is manifested by persistent reading
difficulties in children who otherwise possess adequate intelligence and motivation
(Gersons-Wolfensberger & Ruijssenaars, 1997; Shaywitz, 1998). With a prevalence
of about 5-10 %, dyslexia is perhaps the most common and the most studied of all
learning disabilities. Hence, the underlying causes of dyslexia have been the subject
of many studies and of fierce debate among researchers. There is now a growing
consensus that these insoluble and tenacious reading difficulties reflect a deficiency
in phonologic awareness (Snowling, 2000). According to this phonologic-deficit
hypothesis, people with dyslexia lack an awareness that words can be broken down
into smaller units of sounds. People with dyslexia seem to be less sensitive for the
sound structure of language—which is needed to recognize rhyming words, or words
starting or ending with the same sound (Bradley & Bryant, 1983). In turn, this pho-
nological deficit is assumed to be caused by difficulties in low-level auditory tempo-
ral processing. People with dyslexia tend to have difficulties processing linguistic
and nonlinguistic stimuli that are short and enter the nervous system in rapid succession
(Bailey & Snowling, 2002; Farmer & Klein, 1995; McArthur & Bishop, 2001). They
tend to have difficulties with degraded speech perception or speech-in-noise (Boets,
Wouters, van Wieringen, & Ghesquiere, 2006a; McBride-Chang, 1995). Additionally,
they show an impaired perception of dynamic aspects in the auditory signal itself,
like amplitude and frequency modulations (Menell, McAnally, & Stein, 1999; Talcott
et al., 2000; Talcott & Witton, 2002; Witton et al., 1998).

How Is Dyslexia Diagnosed?

While the underlying causes of dyslexia have become more and more disclosed, the
actual diagnosis of dyslexia is still somewhat obtuse. The diagnosis of dyslexia is
simply based on the prevalence of a child’s poorly developed reading and writing
skills despite normal intelligence, and despite remedial efforts. This implies that an
official diagnosis can only be made after the negative consequences of dyslexia have
manifested themselves. This poses a paradox, as with many developmental disorders,
dyslexia should be detected as soon as possible. The younger the age at the start of
remedial treatment, the larger the effect that can be attained (Fawcett & Nicolson,
1995; Hintikka, Mikko, & Lyytinen, 2005; Lefly & Pennington, 1991; Lyytinen
& Erskine, 2006). Ideally, early detection of dyslexia enables preventive actions, in
order to prepare the child before formal reading and writing instruction.

The problem is that no classical reading or writing tests can be taken from
preschoolers as obviously children at this age have not learned yet to read and write.
However, based on the growing understanding of the phonological deficit and
delayed auditory temporal processing underlying dyslexia, other tests can be taken
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Fig. 1 According to the phonological deficit model, reading difficulties are caused by a lack of
phonological awareness which in turn is caused by problems with temporal auditory processing

at this age, that allow for the detection of high risks for dyslexia. These tests do not
target reading and writing skills, but include measurements of basal auditory and
visual processing skills, speech-in-noise perception tasks, frequency modulation
detection, end-phoneme recognition, rapid automatic naming tasks, and measure-
ments of verbal short-term memory. In a series of experiments, Boets and colleagues
have demonstrated that such tests can differentiate high risk preschoolers from low
risk preschoolers (Boets, Ghesquiere, van Wieringen, & Wouters, 2007; Boets,
Wouters, van Wieringen, Desmedt, & Ghesquiere, 2008; Boets et al., 2006a; Boets,
Wouters, van Wieringen, & Ghesquiere, 2006b). These studies confirm the theory
that more basic processes in the brain are responsible for the observed deficits in
learning to read and write (Fig. 1), yet they also show manners of assessing dyslexia
before reading and writing difficulties have manifested themselves. The perfor-
mance on these tests is a good predictor for the development of dyslexia.

However, in the discussions of aforementioned studies, Boets and colleagues also
report it was difficult to grab and maintain the children’s attention throughout the
tests (Boets et al., 2006a; Laneau, Boets, Moonen, van Wieringen, & Wouters, 2005)
which often lasted longer than 1 h. Even though the tests contained graphical embel-
lishments (i.e., drawings and sounds), children’s interest waned during testing.
Consequently, test results showed a lot of variability, certainly when assessing
threshold values where the “best performance” of the child is to be measured. This is
typical for temporal auditory processing tests where children were tested on their
perception of degraded speech, speech-in-noise, frequency modulation (i.e., detect-
ing pitch variations) or amplitude variations. Some of these tests use a staircase pro-
cedure. Such a staircase begins with an easy detection task (e.g., which of the tree
following sounds is different from the others, with one sound being markedly differ-
ent) but then the manipulations gradually become more and more subtle, until the
child makes a mistake. At this point, the staircase “reverses,” and the task becomes
easier again. When the child completes the task correct again, this triggers another
reversal and the task becomes harder again. Such a staircase procedure is necessary
for finding the threshold values of children; however, it is a lengthy procedure, and it
is set out to find the level of difficulty where children “fail” to perform correctly.
Therefore, not surprisingly, significant differences in Boets et al. experiments’ results
were found, but only at the group level. The results confirmed that the group of
children with a high risk profile for dyslexia performed significantly worse on the
tests at preschool age, compared to a group of children with a low risk for dyslexia.
However, at an individual level, no reliable predictions could be made. Boets et al.
stressed that more accurate measurements are needed to allow for risk detection at
the individual level (Boets et al., 2006a).
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Game-Based Remediation and Assessment of Dyslexia

More accurate measurements can possibly be achieved by finding better ways to
increase the motivation of the child to take part in the test, and to attain a longer atten-
tion span. One way to increase a child’s motivation and attention is via digital games
(Gee, 2003; Kirriemuir & McFarlane, 2004; Malone, 1980; Prensky, 2001). By offer-
ing interactive and immersive audio-visual worlds, game designers realize an environ-
ment that rouses a child’s senses and interests and stimulates exploration. But more
importantly, well-designed games tailor to the skills of individual players, by continu-
ously assessing performances and adapting the difficulty level of the task. By offering
challenges that match the abilities of the players, game designers create a psychologi-
cal state known as flow (Csikszentmihalyi, 1990; Sweetser & Wyeth, 2005). During a
flow state, a player loses his sense of self and his sense of time and place. Flow is grati-
fying in and of itself; it is an intrinsic motivation that keeps a player playing. Moreover,
this characteristic ensures that players deliver their best performances. As aforemen-
tioned, best performance measuring is necessary for temporal auditory processing
tests. Finally, games offer reward systems that motivate players (Wang & Sun, 2011).
Through scoring systems, experience points, badges that can be unlocked, etc. players
are motivated to keep on delivering their best performance (Sailer, Hense, Mandl, &
Klevers, 2013). These assumptions with regard to attention, motivation, and games
have been confirmed by user evaluation and user testing of games with preschoolers
(Barendregt, Bouwhuis, de Ridder, & Bekker, 2006; Hanna, Neapolitan, & Risden,
2004; Markopoulos & Bekker, 2003; Zaman, 2008). These researchers have demon-
strated that while traditional user tests with preschoolers should last no longer than
30 min (Hanna et al., 2004), this time can be doubled when testing games (Zaman,
2008). It is therefore a valid assumption that administering “boring” tests via a game
will lengthen the attention span of the preschooler. In sum, a well-designed computer
game can provide a motivating environment, resulting in preschoolers’ increased atten-
tion span and hence a higher accuracy and thus a better assessment.

Game-based assessment of dyslexia. The unraveling of the phonological deficit
underlying dyslexia is combined with an increasing confidence in neuroplasticity
(Merzenich et al., 1996), and the popularity of serious games (Michael & Chen,
2005) has spurred researchers to develop new game-based therapies to train phono-
logical awareness, e.g., FastFoward (Tallal et al., 1996; Temple et al., 2003),
Letterprins (Steenbeek-Planting et al., 2013), Nessy (Singleton, Thomas, & Horne,
2000), Dyseggxia (Rello, Bayarri, & Gorriz, 2012). However, we stress that the
focus of this research project is not on the remediation of neurological deficits, but
rather on the early detection of dyslexia, in preschoolers, before formal reading and
writing education has been given. As a consequence, this tool can be considered as
a screening tool, but not as a diagnosis instrument.

Game-based assessment of dyslexia in preschoolers is less common. To the best
of the authors’ knowledge, no validated game-based screening test for preschoolers
exist today. Perhaps, most closely is the Lucid Rapid Dyslexia Screening tool
(Singleton et al., 2000). The tests included in this screening tool are phonological
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processing (i.e., a thyming exercise), auditory sequential memory (remembering
sequences of animal names), and visual verbal integration memory (remembering
sequences of colors). The Lucid Rapid Dyslexia Screening test is standardized for
British English speaking children however, which renders it useless for preschoolers
outside of Great Britain. Moreover, the screening tool is also very much a test battery
and not really a game (Juul, 2011). There is no use of simulations or animations, no
rewards, no story line, no character development, etc. Another noteworthy effort is
Magno-Fly (Ferwerda & Rehon, 2007) by Gaggi and colleagues, who are also in the
process of developing serious games aimed at detecting children with a high risk for
the development of dyslexia (Gaggi, Galiazzo, Palazzi, Facoetti, & Franceschini,
2012). However, the games they are developing underscore an alternative model of
dyslexia, which attributes dyslexia to the dysfunction of cells involved in processing
sensory information in general (Stein & Walsh, 1997). This is a controversial hypoth-
esis as sensory dysfunction is absent in many cases of dyslexia and has no clear
causal link to reading problems (Ramus, 2003). Hence, their game-based assessment
does not underlie the phonological deficit and is therefore more experimental in
nature. However, thus far, no information has been given with respect to validation.

Given the lack of game-based assessment in the area of Flanders, the DIESEL-X
project was conceived. However, creating a good serious game is not straightforward.
On the one hand, there is always the threat of sugar coating: a superficial embellish-
ment of what is actually a boring task with a couple of fun animations and a little bit
of game play. Good serious game design requires a seamless integration of the serious
goal and game dynamics. The aim of serious games is “stealth learning” or in this case
“stealth testing” (e.g., Shute, 2011): the children should be unaware of the fact that
they are tested and the overall game experience should simply be fun. On the other
hand, the fun factor should not intrude upon the serious goals. In the following
chapters, we present the design process and the result: DIESEL-X, a game-based tool
to test whether a five-year-old has a high risk of developing dyslexia.

A Player-Centered, Iterative, Interdisciplinary
and Integrated Game Design and Development Process

In order to reconcile the intricacies of a game design process with the serious goals
of dyslexia assessment, a player-centered, iterative, interdisciplinary and integrated
(P-IIT) design process was followed (Vanden Abeele et al., 2012).

Player-centered process. In digital game design and development, player involve-
ment is often limited to participation in usability and play tests (Pagulayan, Keeker,
Wixon, Romero, & Fuller, 2003). Although such play tests are necessary, they do not
offer players to participate in the creative part of the game design itself. This increases
the risk of a self-referential design process, where designers or developers fall back
on an [-methodology and design games as if they were for themselves (Oudshoorn &
Pinch, 2003; Vanden Abeele & Van Rompaey, 2006). Even if designers were capable
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of accurately reliving their own childhood memories and experiences and under-
standing cognitive, affective, and behavioral characteristics, preschoolers of today
have grown up with digital games, and relate to it differently. Preschoolers of today
are not the preschoolers of 30 years ago. Therefore, the P-III process specifies meth-
ods to involve the player throughout the design process: from ethnographically
inspired inquiries at the start of the project, participatory design sessions during the
design phase to play tests during the development, to ensure that the result is “mean-
ingful play” (Deterding, Dixon, Khaled, & Nacke, 2011; Salen & Zimmerman,
2003). The specific methods employed during the design process of DIESEL-X will
be detailed below.

Interdisciplinary team. Moreover, P-III stresses the importance of including all
stakeholders, including, but not limited to, end-users, as co-designers of their tech-
nology. In the P-III design process of DIESEL-X, we involved the “creators” of the
game (game designer, game developer, and digital artist), two dyslexia experts (a
dyslexia researcher and a clinical specialist), several preschoolers, and one preschool
teacher to create a truly interdisciplinary game design and development team.

Iterative process. P-II1 emphasizes the importance of early empirical evaluations with
players via concept designs, paper prototypes, and early prototypes. During the design
and development process, the application is presented to all stakeholders, to be dis-
cussed, tried out and particularly tested and evaluated. These empirical measurements
feed the design process in a formative iterative manner. In DIESEL-X, over the course
of 18 months, several prototypes were created and tested with preschoolers.

Integrated play and testing. Finally, P-III stresses the importance of integrating the
serious goal with the game mechanic in a seamless manner, i.e., games should not
be used as a treat in between boring tasks, but rather the task itself should be the game
challenge. This requires a careful inspection of the task at hand and which game
mechanic maps well to this task. How this was done will be detailed further below.

In addition to the four pillars discussed above, the P-III prescribes three phases:
user and tasks analysis, game design, and game development, each with their own
steps (Fig. 2). Whereas the illustration of the P-III process might suggest strict
delineated boundaries, in reality these boundaries are fluid. During the design and
development phase, a further understanding of the users and tasks is inevitable and
in fact desirable. And obviously, some design ideas might already linger in the back
of a designer’s mind during the user and task analysis. Moreover, play tests during
development might inspire the team to add some features in the design. Nevertheless,
these phases demarcate the broad stages within the design process.

Phase 1: User and Task Analysis

The first phase of the P-III method focuses on a better understanding of the users,
tasks (in this case, the tests) and the context in which assessment of dyslexia takes
place. The result is not simply a report with a list of requirements, but rather a deep
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USER & TASK ANALYSIS GAME DESIGN GAME DEVELOPMENT

Diary study

Concept Design Art & Software development

Paper prototypes & Interactive prototypes
focus group & play tests

Contextual inquiry

Fig. 2 P-III: A player-centered, iterative, interdisciplinary and integrated method for game design
and development of game-based assessment of dyslexia

understanding of the problem domain and the players, and the many implicit rules.
In addition, this phase aims to create an implicit bonding between researchers,
designers, developers, and the target group, in this case preschoolers.

Diary study. We started our player-centered design process (Vanden Abeele et al.,
2012) with a diary study. We wanted to understand better how and what constitutes
“fun” for a preschooler, anno 2011 (Zaman & Vanden Abeele, 2007). Therefore, 15
preschoolers (2006) were recruited via two primary schools. These children were
asked to keep a diary for 1 week. In this diary, children were asked to list their three
favorite activities on three categories: (1) (computer) games, (2) television programs,
and (3) activities in a general sense. From these three categories, preschoolers were
asked to choose the most preferred item and to describe it via three key words. That
way we wanted to get an overview of which characteristics appeal to 5-year-olds.
Obviously, parental help was expected when filling out the diary. In addition, a fun
daily task was included (e.g., make a drawing or a paper collage). These daily tasks
were given as a sensitizing activity to ensure that the preschooler would feel involved
(Visser, Stappers, van der Lugt, & Sanders, 2005). This “diary-week” was followed
by an interview where the preschooler and researcher went through the diary
together. It is important to note that the researchers here were equally game design-
ers, game developers, and digital artists. Hence, this in-depth interview provided the
creators of the game with a direct contact to end-users, which is paramount to avoid
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Fig. 3 Excerpt of a boy’s diary

a self-referential design. This interview took place at the child’s house, so he or she
felt at ease and could demonstrate when things were unclear to the researcher (‘“Show
and tell”). A focus was on deep understanding of the target audience and their wishes.
Figure 3 depicts an excerpt of a page in a boy’s diary.

User experience laddering. After the diary study, a User Experience (UX)
Laddering study (Zaman & Abeele, 2010) was conducted. UX Laddering is a com-
bination of observations of preschoolers playing games, preference ranking
exercises, and depth interviews. Twenty-five preschoolers were asked to play eight
selected games, designed specifically for preschoolers, and then asked to rank
them from most preferred to least preferred and to explain their preference. The
aim of this study was to unveil which game attributes (i.e., game mechanics) link
to specific gameplay preferences (game aesthetics). The results of this study is
what is called a hierarchical value map (see Fig. 4), a graphical representation of
how in-game attributes link to specific game experiences that are valued by pre-
schoolers. Hence, this study provided a set of meaningful and useful design guide-
lines, directed at this young target group. This study is described in more detail in
(Celis et al., 2013); its results will be briefly summarized here. Preschoolers seem
to enjoy collecting different items through the game as this serves both as a chal-
lenge and as a reward system. This gives them a sense of victory and ultimately
realizes a challenging gameplay-experience. Touch input is also clearly preferred
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Fig. 4 The hierarchical value map: An overview of meaningful linkages across attributes, conse-
quences, and values

over more classical input (keyboard or mouse), showing that preschoolers like the
intuitiveness and physicality of interacting with their hands and fingers. Character
creation allows for creative expression and is often implemented by providing a
standard avatar, which can be outfitted with different clothes and accessories.
Finally, implementing visceral effects and visual gags, destructive elements
(exploding items, breaking walls, etc.) contribute to the aesthetic “Sense-Pleasure.”
This confirms that preschoolers have a sense of how things should be in reality and
find it humorous when things deviate from the norm.

Contextual inquiries with dyslexia experts. Finally, to better understand the problem
space of assessment of dyslexia, game designers and game developers followed
dyslexia researchers during two days while they were conducting the traditional
tests (Laneau et al., 2005) in schools, with preschoolers. This study was done
according to the contextual inquiry method (Beyer & Holtzblatt, 1997). This implies
that the observations were done in context (i.e., at the schools where the actual
assessments would take place) and that the DIESEL-X researchers adhered to a
master-apprentice model, where they were to learn from the dyslexia researchers as
if they were interns. The open-ended nature of the contextual inquiries and the focus
on observations, make it possible to reveal tacit and implicit knowledge of which
dyslexia researchers themselves are not consciously aware. Tacit knowledge has
traditionally been very hard for researchers to uncover. These observations contributed
to a further understanding of the specific tests and measurements that needed to be
embedded in the game, but more importantly of the context in which this needs to
happen. These contextual inquiries provided insight in the problems of testing children
in a school environment, with multiple interrupts by other children and teachers,
obsolete ICT-infrastructure, the temporal structure of a school day with many
playtime, the lack of reserved space for testing, etc.



102 L. Geurts et al.
Phase 2: Game Design

At the end of this user and task analysis phase, the Diesel-X researchers had
established a deep understanding of the problem domain, and established report
with their target group of preschoolers. At this point, the design phase can start dur-
ing which the obtained insights are translated into design concepts.

Co-design sessions. Two brainstorm sessions were organized, taking several con-
straints into account: (1) the results of the first phase, i.e., the knowledge on how
preschoolers experience the classical tests and the representative computer games, (2)
the guidelines on motivational factors of a computer game for preschoolers, and (3)
the goal of the game, i.e., taking accurate psychophysical measurements within a
school environment. Adhering to a player-centered design methodology, all stake-
holders were involved: a game designer, game developer, and digital artist, two dys-
lexia experts (a dyslexia researcher and a clinical specialist), several preschoolers, one
preschool teacher, a researcher experienced with the traditional tests, and two kinder-
garten teachers). At the end of these brainstorm sessions, a list of ideas was created
regarding the content and design of the game (see Fig. 5). The most valuable ideas
were identified and three game concepts were conceived on the basis of these ideas.

Game concepts and focus groups. These three game ideas where transformed into
three game concept (see Fig. 6) documents by the game designer and digital artist.
Every concept was a one-page document which contained a splash image with the
title, the protagonist(s) in their environment, and an antagonist where applicable.
Furthermore, every document contained a brief description of the narrative and
the goal of the game.

These concepts were again evaluated by the users (preschoolers) of the game via
focus groups. In particular, 20 children (15 girls, 5 boys) of one kindergarten class
participated. These children were divided into three focus groups of each six or
seven participants. The focus group interviews were adapted to the characteristics
and developmental limitations of preschoolers (Fuchs, 2005; Morgan, 1996). Firstly,
the evaluation took place in their class room. This natural context increases the reli-
ability and validity of the data (Golafshani, 2003; Patton, 1990) and minimizes the
power differential between the researcher and the preschoolers (Eder & Fingerson,
2002) as the preschoolers are in a familiar place whereas the researcher is not.
Secondly, at the start of the focus group, the researcher presented the three different
prototypes, by means of a story of each approximately five minutes, accompanied
by some illustrations (see Fig. 6).

Every story (i.e., game concept) was read aloud, illustrated through the visual
image of the game environment and followed by a short discussion. Possible order
effects were being counterbalanced by reading the three stories in different
sequences. Next, every preschooler was given three small cards, depicting the three
game concepts, followed by a voting session. After explaining the three game
concepts (i.e., listening to the three stories and looking at their respective artwork),
the children were asked to choose the concept card they liked most, but in such a
way that the other children and the researcher could not see their preferred game
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Fig. 6 Visual example of the three game concepts: (a) Diesel-X, (b) Liesl de Heks, and (c)
Lex & Lilly

concept. Upon a signal of the researcher, the preschoolers unveiled their choice
(they flipped their chosen card), all at the same time. With the chosen card in front
of them, preschoolers were prompted to explain their choice. This process mitigated
the risk for group influences and/or social desirability with respect to the researcher.
Results showed that, even after this individual voting setup, 18 out of 20 preschool-
ers preferred DIESEL-X over the two other concepts. The boys liked Diesel (“‘a
smart robot dog with wings”), the girls identified with Alex (“a though girly-girl™)
and they all liked chasing the mean cats (“I want to throw them in the bath with a
lot of dirty mud”). As a result, the theme of “whizz kid Alex, and her robot dog hav-
ing to save the city from obnoxious cats” was chosen to elaborate further.
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Dyslexia experts. Finally, in close consultation with dyslexia experts, several tests
were discussed that could possibly be embedded in the game. Three criteria had to
be satisfied:

1. Feasibility of embedding these tests into a game-based environment. In other
words, the test had to be suitable for computerization. Some tests require an
administrator to carefully listen to the child’s answer, hence requiring a level of
automated speech recognition beyond what is currently feasible.

2. Prediction rate success of the test. The tests had to be scientifically accepted as
a valid means to flag dyslexia. In addition, there was a wish for including tests at
the different levels e.g., at the level of reading difficulties itself (e.g., letter rec-
ognition), at the level of phonological awareness (e.g., end-phoneme recognition),
and at the level of temporal auditory processing (e.g., detecting frequency
modulations).

3. Integrated play and testing. The test had to allow for an integration of a game
mechanic in addition to the test itself. However, the test outcomes should only
depend on the player’s ability to perform well on the tasks at hand. In other
words, the game dynamics should not interfere with the actual test data and yet
motivate the player to perform at his or her best.

Upon these criteria, and following several discussions among the interdisciplin-
ary team, three tests were chosen to be embedded in the game. The first test is a fre-
quency modulation (FM) detection task, which tests the subject on a very basic sound
perception skill (Boets et al., 2006a). The task is to discriminate an unmodulated
pure (sinusoidal) tone with a frequency-modulated tone. Typically, an adaptive pro-
cedure is used to detect the threshold. Initially, a highly modulated tone is presented
that is easy to recognize. As long as the subject’s response is correct, the modulation
depth is decreased. A three-interval three-alternative-forced-choice procedure was
used, meaning that three tones are presented from which one (randomly selected) is
frequency modulated. The second task is measuring phonological awareness, more
specifically the subject has to recognize words that end with the same phoneme (e.g.,
glass and boss) (Boets et al., 2007). In each trial, four alternatives are presented with
one of them ending with the same phoneme as a given reference word. The third task
is assessing the subject’s letter knowledge (Hulme, Bowyer-Crane, Carroll, Duff, &
Snowling, 2012). When designing games that test the subject on specific skills, spe-
cial care should be taken that possible confounding variables such as prior game
experience, spatial skills, or problem-solving skills do not interfere with the test out-
comes and affect the validity of the tests.

Game Development

Upon these choices, the game development phase started. Over a period of 18
months, the game was gradually developed and tested. The DIESEL-X game con-
sists of three mini-games, each embedding a different test (FM detection,
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end-phoneme, and letter knowledge), and that were developed and tested in con-
secutive order. Then, these mini-games were embedded in an overarching story line
and a reward system was included.

Art and software development. The game was developed with the Unity engine' to
run on Android tablets, specifically the Samsung Galaxy Tab 2. We chose the Unity
engine due to its expansive community, affordable price, and ease of publishing
code to multiple platforms. Art assets were produced using 3D studio Max? and
Photoshop.® Auditory instructions and game dialogue files were recorded with pro-
fessional actors in a studio. Player data were stored locally on the tablets using an
SQLite database, and subsequently synchronized to a server-side MySQL database
via a secure web service. Test administrators could inspect the data via this online
web platform. More details on the logged data and the web platform are given in
Plong, Vanden Abeele, and Geurts (2014).

Prototypes and play tests. Hence over a period of 18 months, 6 play tests with pre-
schoolers were conducted. Intermediate versions of each mini-game were played by
preschoolers, which allowed to correct for bugs, to balance the game with the abili-
ties of the young players, and to ensure that the games can be played without the
need of supervision. The focus of these play tests was “formative,” meaning that the
results were fed into the development process again, hence resulting in an iterative
development process. As such, many of the play tests were conducted with the
designer and developer present. The reason to continue this iterative feedback pro-
cess is to guarantee that the final product still meets the ultimate goal: a game that
is both fun to play and that allows for accurate measurements of the players
abilities.

Results

The DIESEL-X game encompasses three mini-games, each of which has four levels.
Hence, each mini-game is revisited four times in a linear, predefined sequence, so
every preschooler is presented the same challenges. In between mini-games, the
story unfolds through cinematic sequences. The game is meant to be completed in
one session, which takes approximately 1 h, the exact time depends on how long
preschoolers take to complete certain mini-games.

Yhttp://unity3d.com/
2http://www.autodesk.com/products/3ds-max/overview
3http://www.photoshop.com/
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Tailoring the Game for Preschoolers

First of all, the art style of the game was developed specifically to appeal to young
children. The game and its cinematic sequences are rendered in 3D with a cartoony
look and feel, with vivid colors and exaggerated proportions (see Figs. 8, 9, and 10).
Care has been given to avoid gender stereotypes and to develop content that appeals
to boys and girls. The preschoolers are guided with clear auditory instructions,
which can be replayed at any time.

Story Line

In DIESEL-X, an evil gang of cat burglars has been creating uproar in the city.
The policemen are helpless and the city lies in disarray. Luckily, one brave little girl,
Alex, is smart enough to come up with a solution to tackle the cats. Players take on
the role of Diesel, the robot-dog that was created by Alex. Together, they will help
get rid of the pesky cat burglars once and for all!

Content

At the start of the game, a movie is shown that introduces the situation of the city
and its rogue cats. This movie is meant purely to engage the children playing the
game. From then on, the player will be prompted to play through the mini-games,
by means of a blinking indicator on a map of the city (see Fig. 7). The preschooler
has 12 “play tests,” as each of the 3 mini-games has 4 levels, hence is to be played
4 times. However, with every level, the mini-game is placed within a new part of the
city; although the game mechanic for every mini-game remains the same, the visual
styling is different. After completing part of a mini-game, the player either unlocks
a new color or gear to customize Diesel, or the player receives a spare part to build
a space rocket. This process is repeated until the three mini-games have been played
four times and are thus completed. During the course of the game, the player also
works towards the end goal of building a complete rocket, necessary for shooting
the cats to the moon. When the rocket is complete, the player is rewarded with an
ending cinematic seeing the cats transported to the moon.

Mini-Games

As aforementioned, three tests (Letter knowledge, FM detection, end-phoneme
recognition) were converted into three mini-games.
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Fig. 7 Map of the city in which the DIESEL-X game takes place. The player has to enter several
areas in the city in order to complete a task

Fig.8 The “Line Up” mini-game showing the main character, the robot dog Diesel, in the middle.
Guided by instructions from Alex (girl at the left) and a commissioner (at the right), the player has
to point to the “guilty” cat. The police officer mentions the letter held by that cat

Line Up (letter knowledge). “Line Up” works like a traditional police line up,
where the victim of a crime has to identify the suspect (see Fig. 8). The players
will have to use their knowledge of the letters of the alphabet to point out the right
suspect. The commissioner introduces one of the victims, and the cat burglars are
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Fig. 9 The “Chase” mini-game. Diesel chases three cats through the streets of the city. Each cat
makes a sound, one of these being frequency modulated (the other two are pure tones). The player
has to point to the cat generating this FM tone. As long as the player answers correctly, the modula-
tion depth is decreased

called on stage. They are all holding a certain letter in their hands. The victim then
shortly explains what happened and points out which of the cat is the suspect by
calling him by the letter he is holding. This letter is repeated by the commissioner.
The player now has to indicate the cat with the right letter so Diesel can point at
him. Hence, this game tests the player’s letter knowledge, which is known as a
strong indicator for dyslexia (Hulme et al., 2012).

Chase (FM detection task). In “Chase,” cat burglars have to be chased throughout the
city, where Diesel tries to retrieve stolen diamonds and money from a bank robbery
(see Fig. 9). The player will use auditory cues to detect which cat carries the stolen
goods. Every time Diesel barks, the three cats being chased will come to a halt. Every
cat is carrying a bag with stolen goods, which is “‘scanned” by Diesel. While scanning,
the player hears either a pure tone (sinusoid) or a frequency modulated tone. Only one
of the cats is carrying diamonds (FM tone), the other ones are carrying stones as a
decoy (pure tone). The goal for the player is to point the odd one out, with every
dilemma increasing in difficulty. It gets harder to detect which sound was the one with
frequency modulation, since the modulation depth decreases as long as correct
answers are given (according to a staircase procedure) (Boets et al., 2006b).

Lost objects (end-phoneme recognition). “Lost Objects” takes places in several aban-
doned locations throughout the city, where the cat burglars have hidden their secret
stash of stolen goods (see Fig. 10). The player will have to identify which items to
retrieve, relying on their recognition of the end-phonemes of said items. The game
takes the player from the sewers to the rooftops, to an underwater setting, and finally
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Fig. 10 The “Lost Objects” mini-game. Diesel finds several objects, and of them was stolen by the
cats. Alex gives indications by mentioning a word that ends with the same phoneme. The player
has to point to the “right” object

into a burning factory. Every time Diesel comes to a halt, five items are presented to
the player. Alex, via radio, reads the names of the items aloud, and asks the player to
indicate the item which has the same end-phoneme as a certain reference item.

Integrated Play and Learning

From the previous paragraphs, it should be clear that special care has been put into
the game design of the mini-game, ensuring that the challenge at hand directly maps
onto the skill being tested. However, at the same time care needs to be given that the
mini-games only assess the player’s letter knowledge, end-phoneme recognition and
FM threshold, and not their overall gaming skills. Therefore, any game mechanic that
would involve complex hand—eye coordination or require timely responses has been
avoided. Preschoolers simply needed to tap large objects, and there is no time pressure.
Preschoolers can take as long as they please. Play tests confirmed that preschoolers
understood the tasks and did not experience difficulty entering their selection.

Motivation

The main hypothesis underlying DIESEL-X is that a game-based assessment
increases motivation; hence, it increases the attention span. Therefore, besides the
above challenges, several motivational aspects were added to the games.
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Rewards. First of all, as mentioned before, preschoolers like to collect things in
games, so the game was designed with collectable rewards in mind. However, we
focused on intrinsic motivation; hence, rewards should have meaning for the players
and be related to their actions. In this case, upon completion the player can unlock
new colors for Diesel, playing with a different color Diesel through the rest of the
game. Other rewards include unlocking new weapons, unlocking pieces of a rocket
to get rid of all those cats, and unlocking new environments to play in. Also, the
game rewards the player with auditory comments of both the commissioner and
Alex to compliment the player on his actions.

Feedback. Because the game is meant as an assessment tool and not a learning tool,
giving feedback about the correctness of the players’ actions is tricky. Giving feed-
back about being right or wrong might indeed start a learning process for the player
which might pollute some of the data being collected. Hence, we provided feedback
indicating that the game registered the action of the player, but not with respect to
the quality of the action itself.

In Line Up, the player needs to select the requested letter. If the game would give
the preschooler feedback about the letters he or she selects, he or she might learn
new letters while playing the game. Therefore, the choice was made to give the
player some neutral feedback, acknowledging the action. We would like to point out
that the game does not tell the player whether he or she was correct or not, because
it is not the game’s purpose of teaching the player any letter knowledge.* Visually,
the player will see Diesel attacking the selected cat. The auditory feedback is given
by Alex who will compliment the player on catching another cat.

In the Chase mini-game, correct response feedback is allowed, as is common in
detection threshold measurements. Learning through feedback is considered less of an
interfering factor. Also, the player needs to learn this task because identifying a fre-
quency modulated tone from a pure tone is new for preschoolers. As a result, the visual
and auditory feedback indicates whether the correct response is selected. The player will
receive a bag with money or a diamond when a correct answer is given, and a bag with
bricks in the other case. Also, when the player selects the right cat, Alex will compliment
him or her on his action and the cat he caught will cry. When the player selects the wrong
cat, he or she was tricked and he or she will see the cat being caught laughing.

In the Lost Objects mini-game, learning through feedback is avoided again. So
just like in the Letter Knowledge mini-game, the player will receive neutral,
acknowledging, and encouraging feedback. Only in the first two trials, he or she will
receive feedback about being right or wrong. The game will first show the player
what to do to make sure he or she understands his or her task. From the third trial
on, the player will no longer receive correct response feedback, but will still be
complimented on finding a lost item.

*In fact, giving feedback that is neutral turned out to be difficult as children tend to interpret feed-
back signals as positive or negative anyhow. Several iterations were necessary to design this feed-
back that was perceived as neutral. As a consequence, during play tests children sometimes turned
to the test administrator to ask whether their selection was correct.
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Discussion and Future Work

As illustrated by the description of the mini-games, the design guidelines mentioned
before were taken into account. Touch input ensures that interacting with the game
is intuitive. Players can collect different items throughout the game (gear for Diesel,
spare parts of the rocket), giving them a sense of mastery. Character creation
(unlocking colors and gear for Diesel) is included allowing for creative expression.
Finally, showing different funny animations and a variety of environments between
and during the tests ensures that playing the game keeps on being engaging in a
visceral and humorous manner.

Whatever the performance of the players on the test, encouraging feedback is
given throughout the game. This gives both dyslexic and non-dyslexic players a
sense of mastery and success, which is needed to keep the motivation at a sufficient
level. Prior experience on gaming is made irrelevant by adopting game mechanics
that do not rely on typical game skills, such as fast and accurate eye—hand coordination.
Although the evaluation of the game is beyond the scope of this chapter, empirical
evaluation proofed that preschoolers preferred this game over the traditional tests
and had no problem with sustaining attention over an hour.

Further studies are now being conducted in order to find the critical measures
that allow for the detection of a high risk for dyslexia.

Conclusion

The DIESEL-X game-based assessment tool is one of the first attempts to incorporate
lengthy and boring tests within a game-based application. Further studies are now being
conducted to investigate the reliability and validity of the test results. If successful,
this project might be an important first step towards a novel way of diagnosing
neurological disorders in young children in general.
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