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Abstract. Epidemiological and etiological studies have shown that, both in the
clinical population and in the general population, Dyslexia co-occurs frequently
with Attention and Hyperactivity Disorder. For these reasons, this work proposes
a solution that aims to stimulate children suffering from both conditions in the
relevant cognitive aspects, which are attention, task planning, and language pro-
cessing. The solution proposed is EducationalGames, a Web application that con-
tains two serious games: “Balloons and Letters Game” and “Robot at School
game”. It supports tasks which replicate daily living activities, such as preparing
the backpack and reading. We present their design, a prototype implementation,
and first user feedback.
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1 Introduction

Cognitive disorders are alterations in cognitive functions that allow the individual to
interact with the world. Cognitive functions refer to multiple mental abilities, including
learning, thinking, reasoning, remembering, problem solving, decision making and at-
tention [1]. In the infant population, cognitive disorders are common because when one
is born, the brain is not fully formed, it is hyperplastic and continues to structure itself
from birth onwards. For external or genetic reasons, the child's brain may not function
well or may not develop according to a typical line of development, and this can there-
fore determine atypical development of the brain that gives rise to neurodevelopmental
disorders. For example, some neurodevelopmental disorders are Specific Learning Dis-
orders (DSA) or Attention and Hyperactivity Disorder (ADHD).

One of the disorders of the DSA is dyslexia, which affects the evolutionary ability to
read, write and speak, affecting the correct learning of a large percentage of the world-
wide population. It is most commonly due to a difficulty in phonological processing
(the appreciation of the individual sounds of spoken language), which affects the ability
of an individual to speak, read, spell and, often, learn language [2].



Around 9% to 12% of the world population is affected by dyslexia [2]. While visual
and auditory difficulties might cause troubles in writing and reading, the general intel-
ligence of a person with dyslexia is not affected. Nevertheless, school failures and frus-
tration are part of the daily routine for children and parents until dyslexia is diagnosed.
Children with ADHD are hyperactive and impulsive, and exhibit difficulty concentrat-
ing, planning, and organizing their (school) work. These characteristics disturb their
learning and achievement at school and hinder positive social interactions within the
family and with peers.

Children with ADHD represent 3%—5% of the general population of schoolchildren
under 16 years. In community samples, ADHD is more frequently diagnosed in boys
than in girls (3:1) and in clinical populations even more.

Since these children may be less interested in participating in traditional therapies, se-
rious games aim to support fun activities and therefore can be more attractive for per-
forming interventions [3]. As play approaches help balance motivational and learning
elements and integrate play goals and behavioral / cognitive challenges, they have the
potential to keep these children more motivated and positively involved in therapeutic
processes. In some cases, games are stimulating and give immediate reinforcement to
desired behavior [4].

The proposed solution aims to stimulate children with Dyslexia and ADHD in the re-
lated cognitive aspects, which are attention, task planning and language processing. The
choice is justified by the fact that previous work lack proposals to support children with
comorbid ADHD and dyslexia, so we thought it would be interesting to address this
aspect in an innovative solution, which should also consider the emotional aspects of
the target population. On these assumptions Educational Games was designed and built:
a web application featuring two serious games for children with ADHD and dyslexia
comorbidities, designed for children aged 6 to 8 years and which support multiple levels
of difficulty; in particular:

* Dyslexia game, foresees three levels of play, aims to stimulate the attention and the
visual-spatial channel of reading, so that users can train themselves to discriminate be-
tween mirrored or graphically similar letters.

» Game for children with ADHD, has two levels of play, stimulates sustained attention
and planning (a component of executive functions).

The implemented application also received a first test with a sample of the target chil-
dren. The results of the user test were encouraging: the structure of the serious games
seems to be suited to their needs for fun and ease of interaction, and their cognitive
stimulation, and has provided suggestions for further improvements.



2 Related Work

A recent review of the state of the art [17] found that in recent years a wide variety of
technologies have been harnessed to create serious games to cognitively stimulate chil-
dren. In terms of devices, the tablet is the most used technology in such studies.
Regarding the stimulated cognitive functions, regardless of the characteristics of the
various technologies, the most often addressed are those relating to the cognitive as-
pects that may be lacking in children with ADHD and dyslexia: attention, executive
functions (for example, planning skills) and language processing.

Among the solutions adopted by serious games to cognitively stimulate children, one
type of approach, which seems to have a certain potential both in terms of usefulness
and cognitive stimulation, is to keep motivation high through, for example, the addition
of a bonus.

Regarding dyslexia, in 2014 a Spanish team created Dyseggxia a platform consisting
of a series of minigames that aims to improve the spelling of children with reading
disorders through targeted and playful exercises. According to the method used, the
correct words are not proposed but, on the contrary, the solution of the exercises con-
sists in correcting the wrong words [5].

Letterprins is a reading game intended for children who have already started learning
to read and requires the intervention of an adult to evaluate the child's performance. It
is designed to improve the reading development of children with reading disorders
through a variety of reading tasks. The game asks children to pronounce letters or
words, while a parent or caregiver must indicate the correctness of the child's answers.
The game allows parents to assist children with their homework and record a message
to be played at the end of the game.

Regarding ADHD, Fontana et al. [6] suggested Train Brain, a serious game for selective
attention training. It is based on storing images in one or more contexts using colored
circles. The player must also manually select the difficulty level. In this first approach,
the design focuses on a gamification technique of a set of exercises that meet the train-
ing objectives. It consists in including some game elements in the exercises to motivate
individuals such as: interaction with avatars and feedback. The main objective of these
works is to ensure that the training meets the expectations of the experts. Furthermore,
the customization does not consider the difficulty of balancing, and the users must con-
trol the training without specific guidance on their progression and training needs.

The rationale behind other works is to reuse existing casual games and try to adapt them
to meet training goals. The goal is to ensure that the game not only consists of a series
of exercises, but also offers users a gaming experience like that offered by classic casual
games in order to improve users' motivation and their acceptance of using the game as
a training tool. For example, Rijo et al. [7] have developed a game for children with
attention deficit and ADHD. The game is designed by matching the learning objectives
with certain elements of the game. Specifically, the player is asked to find and collect



hidden treasures such as letters, words, faces and objects to achieve training goals. They
also added adaptive feedback to encourage children to listen and follow verbal direc-
tions.

Research has recently explored the positive effects of videogames on players‘ wellbe-
ing [11][12], in term of inducing positive emotions [13], improving mood and decreas-
ing stress, contributing to emotional stability [14], and promoting engaging, self-actu-
alizing experiences such as psychological flow [15][16], In this perspective, the system
we present in this work offers an original contribution considering not only the cogni-
tive impairment, but also the emotional state of the children for example through acous-
tic and auditory feedback. These tools have been designed to avoid demotivating the
children and decreasing their attention (a problematic aspect of children with ADHD),
so that they perceive the exercises as a purely playful activity, albeit with the primary
objective of rehabilitating the impaired function without neglecting their emotional
state (particularly low self-esteem).

3 User Analysis

In order to better understand the target users and their requirements, we have used a
number of techniques: interviews with a clinician and a support teacher, empathy maps
and personas.

Interviews with stakeholders lasted about 45 minutes and were conducted online. We
interviewed a psychologist with training in neuropsychology who deals with the reha-
bilitation of children with dyslexia and ADHD, and a support teacher at primary and
infant school who every day finds herself instructing children with ADHD and dyslexia.
The questions were designed to understand what children's approach to serious games
is and what peculiarities such games should have to be useful to the target children.
After interviewing stakeholders and better delineating the characteristics that serious
games should have to be useful to children with ADHD and dyslexia, two empathy
maps were created corresponding to two prototypical subjects: Lucia Neri, a girl with
dyslexia; Luca Rossi, a child with ADHD.

The empathy map (see example in Fig.1) was used to represent the emotions, frustra-
tions and needs of the children towards the outside world [9]. For example, Lucia Neri,
in addition to having school difficulties, also has emotional, behavioral and relational
problems. She thinks it is her fault that she does poorly in school, she judges herself
inferior to others in intelligence and ability.
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Fig. 1. Example of Empathy map created

Personas (see Fig. 2) can help raise awareness among stakeholders about users’ needs
[10]. While personas are made-up people, they are based on facts gathered from user
research, they were created taking inspiration from films dealing with ADHD and dys-
lexia themes. We created them to represent the personality, motivation and relationship
with technology of the two subjects of the empathy maps (Lucia and Luca). For exam-
ple, Luca is a child with ADHD (see Fig. 2) and is full of energy, impulsive (he acts
without considering the consequence of his actions) and inattentive. In addition, when
he behaves well, his parents give him the opportunity to color and draw on the tablet in
the "Coloring pages for children!" app. He would like to feel more at ease in various



circumstances, and have people around him be proud of him, rather than being contin-
ually scolded by teachers or parents.
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Fig. 2. Example of Personas created

The purpose of the empathy maps and personas was to create an understanding of and
emotional identification with users; indeed, the results of these techniques showed that
children with dyslexia and ADHD had low self-esteem.

4 Games

Before describing the design of the two serious games in detail, it is essential to em-
phasize that we have followed a user-centric design method. The review of related work
has indicated a lack of games based on the emotional state of the child. In fact, as we
have seen in the user analysis, children with ADHD and those with dyslexia have a low
level of self-esteem, so the goal of the two serious games is to rehabilitate the deficient
area and, at the same time, improve self-esteem while maintaining high motivation
through acoustic feedback, increasing scores, level advancement, and gratification at
the end of the game, which give the children the feeling that they are helping the char-
acter of the game (see Table 1). For example, the first serious game objective is to help
the robot (game protagonist) to return to the ground.

In general, in the design of the individual games and the structure of the app, we con-
sidered the suggestions of a psychologist regarding the specific difficulties related to
the two disorders and how the game should address them. Later, during the game design



and interface construction phases, we had further meetings with her to evaluate how
specific needs were supported.

Table 1. Mapping between the characteristics of the games and the characteristics of the condi-
tions of children with ADHD and dyslexia

Goals Ballons and Letters game Robot at school

- select the correct let-
ter despite changing

Stimulate attention - collect target elements the position of the tar-
get letter between tri-
als

- acoustic feedback - acoustic feedback

Improve self-esteem
while maintaining
high motivation

- leveling up - increased scores

- gratification at the end of the game - leveling up
- gratification at the
end of the game

4.1 Balloons and Letters Game

The "Balloons and letters" game (see Fig. 3) is a Web application developed with

Fig. 3. Ballons and letter game

HTMLS5, CSS3, JavaScript and jQuery (JavaScript library). It was designed to stimulate
attention and the visual-spatial channel so that the users train themselves to discriminate
between mirror or graphically similar letters. The goal is to help a flying robot return
safely to the ground by blowing up the balloons one at a time. Each balloon contains a



letter or grapheme with two letters. The user task is to explode the one containing the
target letter or grapheme indicated at the top left of the screen. The user interacts with
the game by clicking on the individual balloons. If the answer is correct, the balloon
turns green and the next exercise starts, otherwise it turns red and waits for the next
user interaction.

The degree of difficulty is managed both by the level and by the logic of the exercise.
Each level presents five exercises, the first level shows: in the first two exercises, one
target and two incorrect elements in the balloons, in the last three, the target element,
one distractor (element very similar to the target) and one incorrect element. The second
level presents six balloons, showing in the first two exercises a target element, a dis-
tractor and four incorrect elements, in the last three trials a target element, two distrac-
tors and three incorrect. The difficulty of the level is gradually increased as more dis-
tractors are presented in the last three exercises. The distractors are generally the mirror
images of the letters of the alphabet. In the third level, where there are graphemes with
two letters, the model of the five exercises within a level is applied again, the first two
(a target element, a distractor and four incorrect), the last three (a target element, two
distractors and three incorrect).

4.2 Robot at school game
The "Robot at school” (see Fig. 4) was developed with JavaScript (ES6), HTMLS5 and

=
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Fig. 4. Robot at school game

CSS3. It was designed to stimulate sustained attention and planning skills. As men-
tioned, one of the difficulties faced by children with ADHD is preparing their backpack,
which is a planning task. The goal of this game is to help the robot collect the school
items. The user interacts with the game through the keyboard arrows, making the



character move along the horizontal axis, while the school elements (target) and the
elements of daily life (distractors) fall on the vertical axis. If the robot collects the cor-
rect element, it turns green, otherwise red. As for the execution of the game, it is de-
signed on two levels:

e in the first level, the stimuli chosen were everyday life or school objects;
among the latter, the child must find a target that will appear randomly on
the screen,

e in the second level, stimuli belonging to a semantic category (school objects)
were chosen and randomly descend on the screen. In this case, the difficulty
is also increased within the single level, with the increase of the distractors
(non-school objects also appear). In this case, the child will have to collect
all the objects belonging to the semantic category "school".

5 Usability test

At the end of the implementation of the application, to understand if it could be func-
tional or not, user tests were carried out with children with dyslexia and ADHD. The
tests were performed by eight children between the ages of 6 and 8, an average of 7.25
years, three girls and five boys. This is a representative sample of the target audience,
as these children have a comorbidity of ADHD and dyslexia.

All participants and the families of the children received information regarding the aims
of the research and they provided signed informed consent for participating. There was
no financial or other compensation for begin part of the study sample. Participants who
agreed to take part in the study were reassured of the voluntary nature of their partici-
pation and their right to stop at any time.

After providing informed consent, participants were scheduled for an individual ap-
pointment in a week’s time. This appointment was used to a) brief the participant about
the study procedure; b) to understand the level of use of technological devices d) con-
duct a supervised session using two serious games and e) finally, the researchers ad-
ministered the SUS (System Usability Scale) questions to the participants.

The tests were led by the educator and took place via video call. A researcher observed
the children at play, taking specific notes in the field diary in relation to technical as-
pects of the operation and programming of the game. All incidents or problems were
documented. The researchers acted merely as observers and did not interfere with the
dynamics of the children and the educators.

Firstly, it was very useful to understand the level of use of technological devices, as it
affects the perceived complexity in the interaction of the game. For example, Amir is a
six-year old boy who often interacts with the tablet and / or smartphone and very little
with the PC. He showed difficulties in using the keyboard and mouse, as they are rarely
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used in his everyday life, but when he got used to them, he could not wait to start play-
ing again. In general, users in the target audience make little use of the PC and a large
use of tablets and / or smartphones.

Desktop computers are generally used mainly for web browsing, while the smartphone
and / or tablet are used both for web browsing and for interactions with games. For
example, Ethan (8 years old) told the clinician that he often plays with both his
smartphone and computer, in fact he was one of the few who had little difficulty when
interacting with the two serious games.

Later, the children were divided into two subgroups of four, which used two different
versions of the games. Both the first and second test groups consisted of one 6-year-
old, one 7-year-old and two 8-year-olds.

The first task was to choose the "balloons and letters" game and start it. What emerged
during the tests was that younger children take longer to complete the task (see Fig. 5),
probably because, apart from the disorder, children of the age of six have

Aurora (6 years old)
Amir (6 years old)
Bianca (7 years old)
Gabriele (7 years old)
Amin (8 years old)
Ethan (8 years old)
Nicoletta (8 years old)
Marco (8 years old)

0 2 4 6 8 10 12

Time
Fig. 5. Time taken for each child

difficulty reading and understanding even text in basic language. At the level of scho-
lastic learning, and therefore of writing, the text makes the interaction with the serious
game even more complex. Also, during the first task it was noted that all children had
difficulty understanding the game instructions, probably because the children were anx-
ious to play immediately. Therefore, it seems useful for the user to have feedback even
while playing the game; therefore, the same game was proposed to the second subgroup
with a sound feedback to each correct / wrong answer. In this way, the children in the
second group asked fewer questions about the instructions and the time to complete the
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activity decreased (see Fig 6). In any case, starting from this experience,

M Firea grous
M Secand group

Avurora {6 years old)
Armir (6 years old)
Bianca (7 years old)
Gabriele (7 years old)
Amin (8 years old)
Ethan (8 years old)
Nicoletta (8 years old)

Marco (B years old)
Time
Fig. 6. Time for first and second group

we can hypothesize that the most appropriate method to remind the children of the in-
structions may be the addition of a visual stimulus: the system reminds the child of the
rule and so he will feel guided during the execution of the task.

In addition to the difficulty in understanding the instructions, the other complexities
encountered were: using the mouse, especially for children who had little experience
in using the PC, understanding how to interact with the game (mouse or keyboard).

At the end of the first activity, the educator asked the participant to carry out the sec-
ond activity: choose the game "robot at school" and play.

Regarding the second activity, the time variable was not relevant because the game
has a time set by the system.

The first group was asked to play the game at a higher speed than the serious games
tested by the second group. In fact, the first group had difficulty in correctly and quickly
identifying the stimulus, while for the second group it was easier, and therefore the
performance in terms of errors improved (see Fig. 7).

M Mumber of errors first group
B Number of erors second group

Amir Aurora Bianca Amin Marco Gabriele Micoletta Ethan

Fig. 7. Number of errors of first and second group
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Finally, the SUS questionnaire [8] was used to gauge how usable participants perceived
the app to be. This scale is context-specific and does not measure usability in isolation
but as a product of the user interface interaction and the specific goals that users expect
to accomplish with its use. The SUS questionnaire was completed for both the child
and the physician. It was administered during a conversation and showed that children
liked the games. When filling out the SUS item "I think I want to use this application
frequently" the response was strongly positive, as 50% of the children answered 'more
yes than no' and 50% 'absolutely yes'.

| found the application very easy to use

Absciutely no
More mo than yes
Meither yas nor mo
More yes than no
Absolutely yes

Fig. 8. Answers to one of the SUS questions

Instead, the statement "I found the application very easy to use" prompted more nega-
tive than positive feedback (see Fig. 8), as children think that having a person able to
help them during the interaction with the game can help them overcome any difficul-
ties encountered (see Fig. 9).

| think | would need the support of a person who
is already able use the application

i Absolutely no
@ Mors na than yes
) Maither yes nor no
@ Mhore yas than ne
. Absalutaly yas

Fig. 9. Answers to one of the SUS questions

In the end, it was found that four children (Aurora, Amir, Bianca, Gabriele) gave
overall modest SUS values (66, 67 and 68, 65).
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The highest score was given by Ethan (the result is 90), followed by Nicoletta with 85
and finally Amin and Marco with 77.2. Hence, by improving the usability of the product
and the method of explaining the instructions, it appears very likely that these two
games can be used by children with ADHD and dyslexia. In any case, the average over-
all SUS value of the test is equal to 74.4. A positive value that can certainly be im-
proved.

As for clinicians’ input, we collected data only from one, who was the only operator
involved so far, but given his daily experience of working with children with ADHD
and dyslexia, his feedback was useful. In fact, according to the speech therapist, if the
application were to be more usable from the point of view of explaining the rules of the
games, it would be an excellent product to use, as the games in their functionality have
achieved the initial purpose: the children exhibited no drops of attention and perceived
the exercise as a purely playful activity, even though its primary objective was rehabil-
itating the impaired function.

However, according to the clinician, a similar digital tool could enrich his work, as
serious games could facilitate him in the rehabilitation process, as they allow keeping
the young patient's motivation high in order to keep up with therapy, and avoid making
the professional exert further efforts, and make the rehabilitation process interesting,
interactive and stimulating.

6 Discussion

The present study aimed to evaluate the usability of two serious games for children with
dyslexia and ADHD.

From a qualitative point of view, through an observational analysis, the two serious
games were appreciated by the young subjects. In fact, they did not show a decrease in
attention or motivation, and the application offered easy use even when navigating be-
tween the various levels. However, during serious play it was noted that all children
had a hard time understanding the game's instructions, possibly because they were eager
to play right away. Therefore, it was useful for them to have feedback even while the
game is running or to have a button that can help them pause the game and review the
instructions.

Furthermore, an attractive design is a key factor in the quality of any activity aimed at
children [21] and in order for these games to achieve positive results and impacts it is
important to consider how the content is presented, what perceptual and cognitive skills
the practice is brought into play and how social and emotional skills are improved [22]
and children did better when it was easy for them to understand what they needed to do
[17]. For such reasons in this study, after the user test, some improvements have been
made, with introduction of support for interaction with touch, new level of difficulty,
emotional scale at the end of the execution of the game with five facial icons ranging
from sadness to happiness [18] [19], between the second and third level, the
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transformation of the robot into a 'super robot', a more captivating background, addition
of the button that allows you to review the instructions by pausing the game.

7 Conclusions and future work

The project presented in this paper consists in the realization of two serious games for
children with dyslexia and attention disorder and hyperactivity, which places particular
interest and attention to the needs and preferences of young patients. Applying a user-
centered design, we have designed and developed a prototype tailored to the child so
that it would be easy to use and stimulating for therapeutic purposes.

The design of the prototype posed several challenges: both the design and the imple-
mentation, through which we were able to appreciate the complexity of the world of
serious games applied to rehabilitation. Serious games must be able to involve the pa-
tient so that the level of attention and motivation is maintained during the rehabilitation
recovery. For these reasons, the serious games that have been designed and imple-
mented also have the purpose of avoiding discouraging the user during the execution
of the task, because demotivation can negatively affect its execution.

Even if it is not possible to do a quantitative clinical analysis of attention, from a qual-
itative point of view through an observational analysis, the young subjects did not show
a decrease in attention or motivation and, apart from some difficulties in understanding
the instructions at the beginning, the application was appreciated as it offers easy use
even when navigating between the various levels.

The prototype itself has room for improvement. Potential future developments include:
the addition of new levels, the ability to provide visual stimuli to the child during play,
the doctor's careful monitoring of the course of therapy (including by collecting data
from play sessions) and remote customization of game settings for each patient.

The project, while not yet a complete example of a serious gaming platform for the
rehabilitation of children with dyslexia and ADHD, thanks to the experience derived
from user-centered design and development, the valuable advice of the psychologist
and the opinions of the tested children, can evolve towards developing a complete, in-
tuitive and easy-to-use serious game platform for young subjects.
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