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Abstract. Even though games that focus on the development of logical-mathematical skills aimed at
maintaining the attention of children with ADHD currently exist, there are no applications available
to learn how to solve mathematical problems. In view of this problem, a serious game was designed
and developed to enable children to achieve significant learning in this subject. An evaluation was
performed of the interface of a section of the game focusing on the concept of counting. Work was
performed with 7 teachers by means of a Wizard of Oz experiment. A CSUQ questionnaire was also
used to gather general information on the teachers, such as gender and age. The children’s experience in
using the application was also assessed. The study indicates that the current interface is usable, though
it requires certain improvements in terms of typography, image design, and color.

Keywords: Usability evaluation, Serious games, ADHD, Wizard of Oz, User experience.

Resumen. En la actualidad, si bien existen juegos enfocados al desarrollo de habilidades logico-
matematicas dirigidos a lograr la atencion de nifios con TDAH, no hay aplicaciones para el aprendizaje
en la resolucion de problemas matematicos. Alineado a esta problematica, se llevo a cabo el disefio y
desarrollo de un juego serio que permita que los nifios alcancen un aprendizaje significativo en este
tema. Se realizo la evaluacion de la interfaz de una seccion del juego enfocada al concepto de conteo,
se trabajo con 7 docentes mediante un experimento de Mago de Oz. Sumado a lo anterior, se aplico
un cuestionario de CSUQ, se recolectaron datos generales de los docentes como sexo y edad. Por otra
parte, se valord la experiencia de los nifios durante el uso de la aplicacion. El estudio indica que la
interfaz actual es utilizable; sin embargo, necesita algunas mejoras en cuanto a tipografia, disefio de
imagen y color.
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1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is the most common label for children who display
significant problems of attention, impulsiveness and hyperactivity. This disorder affects a significantly
heterogeneous population and is one of the main reasons for referring children to doctors and mental health
professionals, due to behavioral problems (Barkley & Murphy, 2006).

ADHD is one of the most prevalent child disorders (American Psychiatric Association, 2000). Based on
an extensive literature review, Rief (2012) indicates that between 3 and 5 percent of school-age children
have ADHD. In Mexico, approximately 1 in 22 children may be diagnosed with this disorder (Palacios—
Cruz et al., 2011).

Artigas-Pallarés & Narbona Garcia (2011) point out that ADHD is characterized by failure or alteration
in the development of the functions associated with maturing of the central nervous system; the children
display lack of attention, hyperactivity and impulsiveness, which may produce conflicts in the emotional,
cognitive, academic and social areas (Alvarez Menéndez & Pinel Gonzalez, 2015).

Children and adolescents with ADHD do much better when they are given interesting, innovative and
motivating activities. In general, most students with ADHD can learn adequately in a regular classroom
when the teachers use effective instruction strategies. Rief (2012) highlights that good teaching practices
are useful for all students in the classroom, and that they are at the same time necessary techniques and
strategies for the academic success of children with ADHD.

Many resources are available for treatment and learning improvement for children with ADHD. Research
by Wouters, van Nimwegen, van Oostendorp, & van der Spek (2013) indicates that the inclusion of gaming
and serious games can promote learning by optimizing the concentration level of the children that use
them, which improves learning and offers motivation that is equal to or better than other methods in terms
of acquiring knowledge.

Considering the efforts made to incorporate technology in education, there has been motivation to
develop tools supported by gaming and serious game techniques in the Mexican context, focusing on
teaching mathematics to children with ADHD.

This article is part of a doctoral research project to develop a Model of Instruction Design (MID) for
children with ADHD to learn to solve mathematical problems. The objective of this article is to present the
results obtained from the usability evaluation of a serious game named “UVAMATE”, designed to develop
mathematical problem-solving skills in children with ADHD.

The article is grouped into five sections. The second section describes a systematic literature review,
including on problems associated with teaching mathematics to children with ADHD, as well as the use of
serious games to teach mathematics to children with ADHD. Section three focuses on a methodology to
evaluate the proposed game, and the results of the evaluation are presented in section four. Lastly, the fifth
section provides a brief summary, a discussion of the results, and future work.

2. Systematic literature review

A systematized search was performed based on a heuristic and hermeneutical 9-step process found in the
literature (Londono Palacio, Maldonado Granados, & Calderén Villafanez, 2014). A search was made for
articles and documents related to the process of teaching-learning mathematics in children with ADHD, as
well as the use of serious games as a technological tool to teach mathematics to this vulnerable segment of
the population. To this end, a search string was developed identifying the concepts and constructs related
to these topics.

It was decided to use articles published within the last 15 years, written in English or Spanish, and that
are reported to have been developed for different contexts.

The following criteria were defined for the search: Learning problems of children with ADHD,
mathematics learning problems of children with ADHD, use of serious games as a technological tool to
promote learning for these children, as well as the use of serious games to promote learning to solve
mathematical problems.

Articles were obtained from specialized databases and repositories such as: IEEE, ACM, Springer,
Google Schoolar, Sage Journals, EBSCO, among others. A table was prepared to review the searched
articles, indicating their characteristics, with the intention of finding differences and similarities between
them. In the end, 26 articles were obtained from the databases and repositories. Following an analysis, 15
articles were found to fulfill the defined characteristics and conditions of the search.

An analysis and theoretical construct were developed based on the articles, providing a critical perspective
and identifying areas of opportunity for this study.
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2.1 Problems associated with the teaching-learning process of children with ADHD

Studies were found in the literature regarding the teaching-learning problems of children with ADHD
(Miranda, Jarque, & Tarraga, 2006). Even though they have normal intelligence, children with this disorder
may have attention-span problems, as well as low academic performance and learning problems (Stephen,
2005). Most children with ADHD have school-related problems, and at the same time a high percentage of
them have learning disabilities (Rief, 2012).

In addition to the main problems, such as lack of attention, impulsiveness and hyperactivity, children
with ADHD may experience problems in the cognitive, developmental and academic areas, and even
health-related problems (Rief, 2012).

Miranda et al. (2006) point out that the short attention span of school-age children sometimes affects
their performance and behavior in the classroom, because their impulsiveness often implies not following
family, interpersonal and/or educational rules.

Fernandez Martin, Hinojo Lucena, & Aznar Diaz (2003) and Rief (2012) have found that learning
difficulties and ADHD are interrelated by about 12 and 60 percent, and believe that somewhere between
one-third and one-half of children with ADHD have learning disabilities.

The lack of attention makes it difficult to perform processes such as calculations, oral expression, reading
and writing, which often require extra assistance and direction from the teachers in charge of developing
learning abilities for this segment of the population (Klimenko, 2009).

The literature reports that the teachers’ attitudes towards ADHD are far from ideal, and that they are
not sufficiently knowledgeable. They label them as spoiled, disobedient, or aggressive children (Nur &
Kavakci, 2010). At the same time, the difficulties faced by teachers who try to teach a child with ADHD at
the same time as 25 other children are certainly challenging (Wallace, 2005).

2.2 Problems associated with teaching-learning mathematics for children with ADHD

ADHD involves a deficit in self-control, also known as executive functions, which are essential for
planning, organizing and carrying out complex activities over long time periods. In children with ADHD,
the executive part of the brain, which is in charge or organizing and controlling behavior, does not function
effectively (Barkley & Murphy, 2006).

When there are learning disorders, ADHD or simple ADD may cause low performance in mathematics,
largely as a result of aspects related to memory and reading, which affect understanding and elimination
of extraneous information when performing multiple operations, or in transforming the information in the
mathematical problems (Geary, 2004).

Many students with ADHD have academic difficulties with mathematics because of the many processes
and brain functions involved in working on mathematical problems (Rief, 2012).

As mentioned earlier, students with ADHD have attention, memory, and control difficulties, which puts
them at a disadvantage in terms of academic performance. The learning difficulties associated with ADHD
affect mathematics learning in different ways and at different levels (Miranda Casas, Soriano Ferrer, &
Garcia Castellar, 2002).

In order to solve mathematical problems, the child must follow a series of steps involving different
processes. The selection and adequate use of the operations involves resources such as attention, working
memory and planning and organization skills. It is therefore no surprise that children with ADHD often
try to solve problems without having read carefully, and even when they have read, they are unable to
remember the question, and therefore confuse the information or fail to find the difference between the
general information of the problem, the unknown information and the information that must be found
(Miranda Casas et al., 2002).

According to Rief (2012), the following problems are associated with ADHD: low memory, short
attention span, problems in following sequences, low spatial organization, low motor and fine motor skills,
difficulties in understanding what they are told, self-management, and self-control problems. All these have
a negative effect on performance in mathematics.
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2.3 Serious games for teaching children with ADHD

Technology has been used to improve teaching quality in many ways. One of the main ways is to improve
the interaction between the teacher and the students. In the literature review, studies were found on the use
of serious games and gaming techniques to support learning for children with ADHD.

The use of serious games promotes the development of complex thought skills related to problem-
solving (Keller, 1992), logical thought (Higgins, 2000; Whitebread, 1997)), strategy planning (Jenkins,
2002; McFarlane, Sparrowhawk, & Heald, 2002), as well as self-paced learning (Rieber, 1996; Zimmerman
& Schunk, 2001).

The study by Bul et al. (2015) demonstrates the effectiveness of serious games as a strategy for teaching
children with ADHD. It also states that the elements contained in serious games enable them to better direct
their activities and to regulate their emotions. Echeverry Chaves & Gonzalez Valencia (2014) indicate that
serious games are positive for personal development and inclusion in society, as well as a didactic form of
entertainment to expose children to the use of modern technologies. On their part, Lau, Smit, Fleming, &
Riper (2017) point out that serious games can be effective in reducing the symptoms related to the disorder.

2.4 Serious games for teaching mathematics to children with ADHD

A study by Ford, Poe, & Cox (1993) compares the effects of the use of two mathematics software packages,
and two other packages for reading, aimed at holding the attention of children with ADHD. The study was
carried out with diagnosed children in third and fourth grade. The objective of the study was to determine
whether the software could increase these children’s attention. The results indicate that attention increases
when a game format is used without excessive animation. However, this study did not evaluate whether
learning was achieved.

Muiioz, Navarro, & Fabregat (2014) discuss a video game supported by Augmented Reality (AR) to
learn logical-mathematical skills. They show that performance in the game is similar for children with
special needs, which helps integrate them in the learning process. On their part, Mahmoudi, Koushafar,
Saribagloo, & Pashavi (2015) found that computer games had a significant effect on increasing speed
and attention in mathematical calculations. However, the effect of the computer games on mathematical
learning and the stability of learning was not significant, which suggests that computer games may be used
as a training aid as long as reinforcement is provided by the teachers.

Following this systematic review, we corroborated through interviews and observation of teachers and
students diagnosed with ADHD during classroom sessions, that teachers are not knowledgeable about exactly
how to work with and assist in improving learning for children with this disorder. Teachers find it difficult to
work with a child, especially when they are responsible for groups of over 35 children. Additionally, within
the same classroom there are children with other types of disorders or learning problems, and even children
with intellectual disability. However, the teachers indicate that they are willing to help and work with them
to achieve better learning and bring them up to par with their peers.

Regarding the design of serious games focused on learning mathematics for children with ADHD,
even though the literature mentions work done in this area, not all of them have been tested, and in some
cases, they indicate that there is no significant difference in learning. Also, most of these games focus on
calculating logical-mathematical operations. For this reason, it is of interest to design games based on the
special needs of these children, focusing on solving mathematical problems.

In the next section we discuss the proposal of a serious game, as well as a description of the experiment
performed for its evaluation.

3. Methodology

This section briefly describes the application that was developed, as well as the tasks that can be performed
and that will be evaluated.

3.1 Description of the product to be evaluated

A serious game is being developed for significant learning on solving mathematical problems for children
with ADHD. Work on the “UvaMate” game, illustrated in Figure 1, has been done with 13 children between
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the ages of 8 and 12, diagnosed with ADHD, and 6 teachers who are responsible for the group they belong
to. The children are enrolled in a public school in the south side of the city of Puebla, Mexico. The work
has consisted of semi-structured interviews with parents, group teachers, and specialists in diagnosing and
treating this disorder. At the same time, observations of classroom sessions have been performed to assess
the way in which the children learn and the strategies used by teachers in the classroom.
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Figure 1. Presentation of the “UvaMate” serious game

“UvaMate” is a game designed to reinforce learning on how to resolve mathematical problems, based on a
narrative on the importance of mathematics over a time line of different civilizations, and how mathematics
was used to resolve everyday situations. The main character is Pythagoras, who highlights the time line of
the different civilizations.

The game includes 9 civilizations, and it is expected that in each of these the child will acquire or reinforce
existing knowledge. The problems shown are everyday life problems for each of the eras. The problems included
in the game are aligned with the theme contents of the Public Education Secretary. The graphic design elements
related to the scenery, characters and costume are aligned with each era.

The civilizations included in the game and the knowledge expected to be learned in each are listed in Table 1.

Table 1. Civilizations of the “UvaMate” game

Civilization Learning

Prehistory Counting of fruits collected and animals hunted
Numbering
Sumer Place value

Sexagesimal numbering

Basic addition and subtraction operations
Measuring crop lands

Egypt
&P Count harvest output

Tax-related pro
Solve distance problems using the Pythagoras theorem

Greece . .
Magical Triangle

Etruscans Roman numbering system

Rome Calculating areas and perimeters

China Calculating lengths

India Multiplication

Galley multiplication

Mayan numbers
Mayans Days, months and years
The calendar
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3.2 Experiment Configuration

In this experiment in particular, work was done with the first civilization, the prehistoric era, to address
the concept of counting. The experiment was carried out using the “Wizard of Oz Experiment” technique,
which involves a participant who is called the “Wizard”, who simulates the role performed by the computer
during a human-computer interaction (Fraser & Gilbert, 1991). The Wizard of Oz simulation method is
widely used and is a practical tool to test system prototypes (Dow et al., 2005).

Fraser & Gilbert (1991) report three stages in this experiment’s methodology: the pre-experimental stage, the
primary experimental stage and the subsequent experimental stage, which are described in Table 2.

Table 2. Wizard of Oz Experiment methodology

Experiment stage Description

Pre-experimental Stage

In this stage, an analysis is made of the
application’s domain, the possible scenarios (the
subject’s role and background), the location
and the software and hardware required for the
experiment.

Primary experimental
stage

In this stage, a first evaluation of the system
is made.

Secondary or subsequent
experimental stage

During this stage, the data is collected
and improvements are made to the system.

Source: Based on (Fraser & Gilbert, 1991)

As afirst step to perform the experiment, the main user interfaces of the game were extracted, associated with
the following tasks: Start the game, register the user, begin session, select a civilization (Figure 2), select bone
for counting, erase bone markings, mark the bone again, enter number of fruits (Figure 3), validate answer and

move on to the next problem.
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Figure 2. Interface of the task of selecting civilization

25



Revista Colombiana de Computacidn, Vol. 21, No. 1, enero - junio 2020, pp. 20-34

0:33 O O O
Para comer, Ayla sale a recolectar distintos tipos de frutos. Hoy recolecté
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éCudntos frutos recolects? —
DALLLLLLLLLLLLL RO (o® | '

Figure 3. Interface of the tasks of marking the bone for counting, erasing bone marks, marking the bone again, entering
number of fruits

The work was performed with 7 teachers between the ages of 34 and 64 who currently work with
children with ADHD, either as learning facilitators or support teachers at Support Service for Regular
Education Units (USAER, for the Spanish original). Information on the teachers was recorded, including
their gender and age. The time it took to perform each task was measured, and the number of mistakes made
during task performance was also recorded. Lastly, a CSUQ (Lewis, 1995) questionnaire was filled out to
measure usability.

The next section describes the results of the evaluation and provides a discussion on the results.

4. Results and discussion

The results of the study are presented below, followed by a discussion based on each section’s results.

4.1 CSUQ questionnaire to evaluate the usability of the serious game

A CSUQ (Lewis, 1995) questionnaire was used to measure the usability of the prehistoric civilization in the
“UvaMate” game, in four (4) dimensions: usability of the system, quality of the information, quality of the
interface and overall satisfaction.

The questionnaire was filled out by 7 teachers, who evaluated the 10 tasks listed below:

Begin game

Register user

Start session

Select civilization

Mark bone for counting
Erase marks on bone
Mark bone again

Enter number of fruits
Validate answer

0. Move on to next problem

SRR ANR W=

Table 3 displays the results obtained from the CSUQ questionnaire. Based on the results and the
comments made by the teachers, it was found that in terms of usability of the system, the teachers were
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satisfied with the ease of use. They believe it is simple to use, but some tasks, such as erasing the bone
markings and moving on to the next problem, did not seem altogether clear to them. In general, they said
that they felt comfortable and they believe it is easy to learn how to use it.

Table 3. CSUQ Results

Teachers

Question s AVERAGE DEVIATION
System usability

1 7 7 6 7 7 7 6 | 6.71428571 | 0.48795004

2 7 7 6 7 7 7 7 | 6.85714286 | 0.37796447

7 7 5 7 7 7 7 | 6.71428571 | 0.75592895

4 7 7 7 7 7 7 7 7 0

5 7 7 6 7 7 6 7 | 6.71428571 | 0.48795004

6 7 7 7 7 7 7 5 | 6.71428571 | 0.75592895

7 7 7 6 7 7 6 7 | 6.71428571 | 0.48795004

8 5 7 7 7 7 7 7 | 6.71428571 | 0.75592895
Quality of the informati

9 6 5 7 7 7 7 7 | 6.57142857 | 0.78679579

10 6 7 5 7 7 7 7 | 6.57142857 | 0.78679579

11 7 6 7 7 7 7 7 | 6.85714286 | 0.37796447

12 7 7 7 7 7 7 6 | 6.85714286 | 0.37796447

13 7 7 7 7 7 7 7 7 0

14 7 7 7 7 7 7 7 7 0

15 7 7 7 7 7 7 7 7 0
Quality of the interface

16 7 7 7 7 7 7 7 7 0

17 7 7 7 7 7 7 7 7 0

18 5 7 7 7 7 7 7 | 6.71428571 | 0.75592895
Overall satisfaction

19 7 7 7 7 7 7 7 7 0

In terms of the dimension of quality of the information, they said that the error messages are not clear
and create confusion as to how to correct the errors. Certain details of buttons and typography need to be
revised, but they believe it is easy to find the information and that the messages are clear.

Regarding the quality of the interface, they found it to be pleasant, though they would like it to have
additional help functions to provide guidance in the case of doubts.

Lastly, all the teachers felt satisfied with the system and are enthusiastic about using it, not only with
children with ADHD, but also with regular students.

Table 4 and Figure 4 display the maximum, minimum and average values for each dimension. Given that
the maximum score in this evaluation is 7, we may conclude that the game received a good evaluation by
the teachers in terms of usability.
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Table 4. Usability Test CSUQ Questionnaire

Dimension Minimum Maximum Average
System usability 6.33632124 7.09225019 6.71428571
Quality of the information 7 7 7
Quality of the interface 6.33632124 7.09225019 6.71428571
Overall satisfaction 7 7 7

CSUC Results

7,10 7,05
7,00 (-] (-] 7
7 7
6,90 6,95
6,9
6,80
6,85
6,70
6,8
6,60
6,75
6,50
6,7
6,714485714 6,714285714
6,40 6,65
6,30
y 6,336321241 6,336321241 6,6
6,20 6,55
System usability Quality of the information Quality of the interface Overall satisfaction

Figure 4. CSUQ Results

4.2 Relationship between the personal aspects of users and interface usage

As mentioned in the previous section, personal data on the users was gathered, such as age and gender, in
order to assess whether these had any effect on the time of performance and understanding of the tasks.

Table 5 and Figure 5 display the average number of mistakes made by the teachers during performance
of each task. These confirm the results found in the usability questionnaire regarding the activities of
marking the bone for counting and erasing the marks from the bone, which create confusion during task
performance.

Table 5. Average number of mistakes

Teachers AVERAGE

MISTAKES
4

System usability

1 0 0 0 0 0 0 0 -

2 0 0 0 0 0 0 1 0.1429
3 0 0 0 0 1 0 0 0.1429
4 0 0 0 0 1 0 0 0.1429
5 0 0 1 0 0 1 0 0.2857
6 1 0 1 0 0 1 1 0.5714
7 0 0 0 0 0 0 1 0.1429
8 0 0 0 0 0 0 0 -

9 1 0 0 0 0 0 0 0.1429
10 1 0 0 0 0 0 0 0.1429
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Average number of mistakes

0,6
05 ® Begin game
u Register user
04 w Start session
Select civilization
] .
% m Mark bone for counting
= 0,3
3 u Erase marks on bone
m Mark bone again
0,2 .
m Enter number of fruits
m Validate answer
0,1

m Move on to next problem

0

Figure 5. Average number of mistakes

Table 6 and Figure 6 indicate that there is no relationship between age and the time it took to perform
the tasks. Some teachers were curious and they did not always follow the instructions, but instead followed
their instincts to see what would happen if they performed a certain action, or asked questions on whether
what they were doing was correct.

Table 6. Time of task performance and teacher age

Question Ages Time of task
Teacher 1 55 00:06:00
Teacher 2 36 00:01:00
Teacher 3 64 00:05:00
Teacher 4 57 00:07:00
Teacher 5 27 00:02:00
Teacher 6 49 00:04:00
Teacher 7 34 00:18:00
Average 46 00:06:09

Time of evaluation performance and teacher age

%JJJJJJ

Teacher 1 Teacher 2 Teacher 3 Teacher 4 Teacher 5 Teacher 6 Teacher 7

mDuration mAges

Figure 6. Time of evaluation performance and teacher age
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4.3. User experience

Figure 7 displays a graph of the results of the PrEmo questionnaire applied to the children to assess how
they felt during activity performance. In the graph, scores between 1 and 5 were assigned to measure
the level of satisfaction, where 5 is very satisfied and 1 is unsatisfied. The graph indicates that in general
the children were satisfied with activity performance, and were even motivated about discovering new
civilizations; however, the older children did not think it was particularly novel.

Level of satisfaction with activity performance
6

5

| ‘ ‘ |
0

IS

N

subject 1  subject2  subject3  subject4  subject5  subject6 subject7  subject8  subject9 subject 10 subject 11 subject 12  subject 13
wDid you like this way of working? m Were you bored? wDid this activity seem too long?
Would you like to do a similar activity again? m How did you feel during the activity? uDid you learn something new in this activity?

Figure 7. User experience of children with ADHD when carrying out the activity

Figure 8 and Table 7 display the time it took to perform the activity, which ranged between 7 and 18
minutes.

Time of activity performance
20

msubjectl msubject2 msubject3 wsubject4 msubject5 msubject6 msubject?7

Minutes
.
o

w

msubject8 msubject9 msubject 10 msubject 11 m subject 12 m subject 13
Figure 8. Time of activity performance by children

Table 7. Time of activity performance

Student Time of activity performance
subject 1 0:10:00
subject 2 0:10:00
subject 3 0:10:00
subject 4 0:07:00
subject 5 0:08:00
subject 6 0:00:00
subject 7 0:10:00
subject 8 0:16:00
subject 9 0:10:00
subject 10 0:14:00
subject 11 0:18:00
subject 12 0:12:00
subject 13 0:10:00

30



Revista Colombiana de Computacién, Vol. 21, No.1 enero - junio 2020, pp. 20-34

Table 8 displays some of the field observations and notes describing the reactions of the children
diagnosed with ADHD during activity performance, as described below.

Table 8. Observation of children solving problems of the first civilization

Subject 1

She thinks the narration made by Pythagoras is funny; she wants it to move faster and begins to click the mouse
repeatedly. She is asked to pay attention, but it does not seem attractive to her and she continues to laugh.
Afterwards, when she is supposed to listen to the story about the civilization, she does not want to and asks why
she has to do all this just to play. She makes a bored face and begins to click on the mouse.

P.1. She clicks and counts at the same time. For a moment she loses focus and loses count, and asks whether
she has to count everything. She counts 25 fruits and gets an error. She is asked to correct the result, and, as she
laughs, says that we are mean. She once again gets a wrong answer and decides to count directly in the image,
and finds the correct answer.

... 8 year-old girl in the 3rd grade
Subject 2

She says she does not like the type of letter font used in the game. She uses a good strategy for the count and
quickly completes the activity. She said she liked the activity a lot, though she looked a bit nervous.

... 9-year old girl in the 4th grade
Subject 3

He forgot her glasses and she cannot see well. He moves constantly, especially his head, while he listens to the
narration. He fluidly reads each one of the problems, and demonstrated that he had strategies to expedite the
process, and was able to quickly and correctly complete the task. Reasoning skills were observed.

... 9-year-old boy in the 3rd grade
Subject 4

Listens attentively to the story, but moves constantly. While performing the tasks he is restless and he moves
constantly.
During the count he used strategies to check that the result is correct.

...... 9-year-old boy in 3rd grade
Subject 5

He apparently pays attention to the story, but when the time came to solve the problems, he did not identify the
numbers, and did not read the problems, and clicked randomly without knowing why or what for. Could not
follow the number sequence to 29, and skipped 23. When he was explained how to check the result, he managed
to find the correct answer. He is confused that when he counts mentally he gets a different result from the one
shown on the screen using Ishango’s bone.

... 9-year-old boy in the 3rd grade

The following section discusses the conclusions of the evaluation and future work.

5. Conclusions and future work

This paper presented an evaluation on the usability and user experience for one of the civilizations included
in the “UvaMate” serious game, for the development of mathematical problem-solving skills for children
with ADHD. The game was designed taking into consideration the special needs of this segment of the
population.

The results are promising, as they display a high level of user satisfaction with the tested interface. Also,
both the children and teachers have indicated that they are motivated and enthusiastic about using resources
of this type. The teachers believe it is important to use new strategies to promote learning both for regular
students and children diagnosed with this disorder, while the children display curiosity and excitement
about working and experimenting with a new way of learning through tools of this type.
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It is important to make the changes requested by the teachers in terms of interfaces and contents. It is
also important to take into consideration all the comments made by the children, because they are the target
users for whom the game has been designed.

Future work will include working on the development of the next civilizations, taking into consideration
the results and observations made during the evaluation.
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