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Abstract: Previous studies have shown the positive effects of educational video games (serious games)
in improving motivation, attention and other cognitive components in students with learning
disabilities. This study analyzes the effects on attention of a serious game based on multiple
intelligences in a sample of 44 students (age range = 6–16 years; experimental group = 24; control
group = 20) with attention deficit hyperactivity disorder (ADHD) and specific learning disorder
(SLD). Performance and observation measures of attention were used. The intervention consisted
of 28 sessions (10 min each), in which the participants trained with 10 games based on multiple
intelligences. A significant improvement in attention performance measures (visual attention) was
found after the intervention, with the experimental and the control groups significantly differing in
the posttest. These results invite consideration of the applicability of boosting different intelligences,
talents or unique abilities through educational videogames as an important bridge to improving areas
of deficit-in this case attention-in students with learning disabilities.
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1. Introduction

Authors such as Boot, Kramer, Simons, Fabiani and Gratton [1] define the 21st century as the
era of digital game-based learning (GBL). GBL is defined as “an environment where game content
and game play enhance knowledge and skill acquisition, and where game activities involve problem
solving spaces and challenges that provide players/learners with a sense of achievement” [2] (p. 51).

The continuous advance in new technologies poses great challenges and opportunities for
today’s society. New technologies allow immediate, easy, up-to-date access to information and
entertainment. The increasing generation of digital resources has led to the emergence of new ways
of thinking, learning, and interacting with each other, the social, and physical environment. On the
other hand, the customization of resources and services linked to the digital era is making personal
characteristics—such as an individual’s abilities or talents—increasingly important in our society.
One of the questions that arises is: Do new technologies have the potential to improve cognitive
processes through increasingly adapted resources?

Nowadays, digital tools such as smartphones and tablets have become almost ubiquitous. They are
frequently used to obtain information and for entertainment, often through videogames. Video games
are one of the main entertainment options for children, young people, and adults, and have become a
cultural mechanism of great social importance. According to data from the Spanish Association of Video
Games [3], in 2017, more than 16 million people in Spain could be considered gamers (regular consumers
of video games). The same report indicated that the video game industry reported record figures with
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growth of 16% in the previous year, generating 1359-million-euro profit, more than music and movies
put together.

Serious games (SGs) are a category of video games that are used for educational purposes in
different environments [4,5]. Though SGs share most of their technology with traditional video
games, their aims and uses are outcome-driven in comparison. It is fundamental in this sense to
define the objectives, content, skills, and behaviors to develop while not forgetting aesthetic, narrative,
and technical resources to encourage engagement and playability, which are essential elements in
a video game [6]. Authors such as Starks support the pedagogical use of video games, pointing
out that they allow the introduction of evaluative and educational objectives without sacrificing
entertainment, using a motivating and meaningful methodology. It is the instructional design which
distinguishes a commercial videogame from a videogame with an educational focus or a pedagogical
tool (a serious game). Though they share technology, they have completely different objectives and uses.
In serious games, the objectives, content, assessment procedure, skills and competences to develop are
well defined without forgetting the aesthetic, narrative and technical resources of videogames that
encourage engagement and playability [7].

Video games are increasingly used in the field of special education to support well-being, social
skills, independent living, and inclusion in varied samples of students with special needs such as
autism spectrum disorders, learning disabilities, and giftedness [8–11]. According to Sánchez-Peris [12]
and Sedeño [13], the use of these types of games is also an excellent way to improve attention,
effort, and motivation; to develop competencies and skills such as mental agility; and to promote
understanding, reflection, and strategic reasoning.

In the case of the attentional component, the effects of SGs have been examined in students
with attention deficit hyperactivity disorder (ADHD) [14–16]. Those authors found improvements in
time management and planning/organization, and a reduction in hyperactivity symptoms in a group
of students with ADHD who received an SG intervention. In addition, Schubert et al. [17] found
advantages in visual attention in expert video gamers compared to non-experts, especially in the
domains of perception threshold and visual processing speed. These effects were not moderated by
personal characteristics such as personality, intelligence, or health status.

Recent studies have found that these tools can also have positive effects on aspects such as reading
skills [18,19]; vocabulary, language learning, and listening [20–22]; spelling [23,24]; mathematics [25];
and even affective-motivational components [26].

An important aspect to explain the positive effects reported in these studies is the fact that SG
activities are motivationally challenging while simultaneously offering the students a fun learning
experience. The use of attractive narratives and technical resources that are present in videogames
can increase the motivation of the student to learn, increasing levels of engagement, which ensures
involvement in a game. Levels of engagement are linked to positive emotions produced by effort and
overcoming obstacles, which are essential aspects in turning a videogame into an educational tool
(i.e., serious games) [27].

The ToI Method: Serious Games Based on Multiple Intelligences

Recently, researchers, educationalists and engineers from Cuicui Studios, created the Tree of
Intelligences (ToI) method [26,28] based on Gardner’s Theory of Multiple Intelligences (MIT) [29,30],
conceived to identify and intervene in Multiple Intelligences (MI) and associated components. ToI combines
the theoretical foundations of Gardner’s theory and the basic assumptions of video game design.

MIT was initially posed by Gardner [29,30], who defines intelligence as a potential which is
present in the individual and can be changed through experience. The author originally identified
seven intelligences: Musical, bodily–kinesthetic, logical–mathematical, linguistic, spatial, interpersonal,
and intrapersonal; although he later added naturalistic intelligence to his theory.

This theory has been the subject of great interest in the educational community, as it breaks away
from the unified traditional educational model. In contrast, MIT advocates a new teaching perspective
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centered on the individual which considers each student to be unique combinations of the different
intelligences. As such, different methods, content and assessment procedures must be implemented in
order to help students develop their potential [30–32].

Within this context, it is essential to discover the intellectual strengths and capabilities of the individual
so that they can be developed from as young as possible. Once these areas are identified, they can be used
as excellent foundations on which new knowledge is built, boosting the development of those areas where
the student may have difficulties [30]. This is the idea behind the emergence of some interventions based
on MI [9,10,33]. Specifically, Moral-Pérez et al. [33] reported some positive results in their recent study
conducted in a sample of primary school students. The authors used a videogame involving playful
activities based on the eight intelligences proposed by Gardner. After the intervention, an improvement in
all the intelligences was found, which was statistically significant in logical–mathematical, visual–spatial
and bodily–kinesthetic intelligences, evaluated through the use of questionnaires. However, the benefits
of this approach seem not to be exclusively restricted to an improvement in MI components. Kuo et al. [10]
analyzed the effect of a three-year school intervention based on MI with a sample of pre-school students
with different profiles (gifted students, “doubly exceptional children”—gifted students with a disability
such as autism or sensory disorders—and other personal conditions). At the end of the intervention,
participating students demonstrated great levels of imagination, an improvement in problem solving
skills, and were able to seek many approaches to solving problems. Students in the group of doubly
exceptional children, especially those with autism, showed significant gains in social skills, and their group
adaptability had improved. These results indicated the positive effect on students of working on MI,
regardless of their needs, the nature of their talents or their cultural or socio-economic status. The authors
stated that “If a teacher is having difficulty teaching a student in the more traditional linguistic or logical
ways of instruction, the theory of multiple intelligences suggests several other ways in which the material
might be presented to facilitate effective learning” [10].

The ToI method was created, based on previous evidence, with the aim of exploring the multiple
possibilities that both serious games and the multiple intelligences approach may offer for improving
cognitive components. The result of this synergy is an algorithm that allows the individual´s
performance to be measured in real time, offering information about their intelligence profile and clues
to strengthen their strong areas while improving their weak areas at the same time [28].

The ToI method is currently in two digital tools, “Boogies Academy” and “Cuibrain,” developed
for smartphones and tablets. They are aimed at two different target audiences: Children from the
age of six and adolescents, respectively. The games are therefore intended to cover two periods of
special interest—late childhood and transition to adulthood. The latter is a vulnerable period of change
in which adverse life events and negative outcomes can significantly affect future development [34].
This is a stage of particular interest from the viewpoint of the progression of different attentional and
behavioral conditions, which, if not properly addressed in time, can have detrimental effects on subsequent
development [35,36].

Each tool is made up of different games which pose a challenge (solving a problem) to the player.
Depending on the skills or abilities required to solve the problem one (primary) intelligence or various
(secondary) intelligences will be activated. Figure 1 shows selected screenshots of Cuibrain and Boogies
Academy for smartphone and tablet.
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Figure 1. Screenshots of “Cuibrain” (left) and “Boogies Academy” (right) for smartphone and tablet.

These tools have been used in previous studies, demonstrating good psychometric properties.
Garmen et al. [28] analyzed the performance of a normative sample of 372 students from first to
third grade in “Boogies Academy.” Results showed a normal distribution in the variables of correct
responses, playing time, and accuracy in the different games. In addition, Garmen et al. [26] analyzed
the effect of both “Boogies Academy” and “Cuibrain” on levels of anxiety and self-concept in a sample
of children and adolescents with learning difficulties. The results showed that participants had reduced
anxiety levels while increasing self-concept after an intervention with the videogames. The authors
concluded that because of its design and function, the ToI software may be an appropriate tool for the
evaluation of and intervention in multiple intelligences, as well as for enhancing personal variables
such as affective-motivational components.

The present study aims to analyze the effect of playing “Boogies Academy” and “Cuibrain” on
attentional variables in a sample with learning difficulties, in particular ADHD and specific learning
disorders (SLD). For this purpose, a quasi-experimental study with two groups (experimental and
control groups) was carried out using performance-based and observation measures (questionnaires)
to analyze and compare the attentional profiles of the groups. After the intervention, we expected
to find significant improvement in attentional variables (assessed by means of both observation and
performance-based measures) in the experimental group. Once pretest levels in attentional variables
were controlled for, we also expected statistically significant differences between the control and the
experimental groups after the intervention in favor of the experimental group.

2. Materials and Methods

2.1. Participants

Forty-four students with different learning difficulties (male = 27; 61.4%) took part in the study.
Ages ranged from 6 to 16 years old (M = 11.56; SD = 2.67). They were recruited from an educational
psychology service in Northern Spain. The mean Intelligence Quotient (IQ) was 109.12 (SD = 14.105).
The sample was made up of students with attention deficit hyperactivity disorder (ADHD) and specific
learning disorder (SLD) (Diagnostic and Statistical Manual of Mental Disorders: DSM-5; APA, 2013).

The final sample was then separated into an experimental group (N = 24), who received the MI
intervention, and a control group (N = 20). The assignation to the groups was random. The characteristics
of the groups were as follows:

Experimental group: 24 students (male = 14; 58.3%). Mean age 11.83 (SD = 2.71) and mean
IQ 110.13 (SD = 14.35).

Control group: 20 students (male = 13; 65%). Mean age 11.83 (SD = 2.71) and mean IQ 108.16
(SD = 14.85).

There were no statistically significant differences between groups in terms of age (p = 0.470) or
IQ (p = 0.665). A chi-squared (χ2) test indicated that gender distribution was equivalent in both the
experimental (p = 0.414) and the control group (p = 0.180).
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Inclusion Criteria

According to the DSM-5, participants were diagnosed with SLD if at least one interpretable
Wechsler Intelligence Scale for Children–IV (WISC-IV) index from the verbal comprehension index or
perceptual reasoning index was ≥85, and performances on reading, writing, and/or arithmetic skills
were under the clinical cutoff scores indicated by cited guidelines (≤2 SD below mean performances of
age-matched participants or ≤5th–10th percentile). SLD participants met A, B, C, and D criteria from
DSM-5, and the level of functional impact was moderate in all cases.

The ADHD diagnosis group was confirmed by a trained researcher using the Diagnostic Interview
Schedule for Children–Parent Version (DISC-P) and confirmed by the Evaluation of the Deficit of
Attention and Hyperactivity scale (EDAH). Patients with any subtype of ADHD (hyperactive–impulsive,
inattentive, combined hyperactive–inattentive) were eligible.

In order to select a homogeneous group of children with SLD and ADHD without significant
comorbidities or potentially confounding factors (frequently co-occurring), exclusion criteria were
set as the presence of other significant medical and psychological problems and comorbid disorders
(e.g., developmental coordination disorder or specific language impairment) or disruptive behavior.
Students who had significant cognitive, sensory, physical or emotional impairment and/or those who
exhibited an IQ under 85 or over 130 were also excluded from the sample.

2.2. Measures

Three different measures were taken in the study. Firstly, the Wechsler Intelligence Scale for
Children–IV (WISC-IV) [37] was administered in order to determine the participants´ intellectual ability.
It is one of the most commonly-used scales and provides detailed information about the student’s
cognitive profile. It was used to exclude those students with an IQ under 85 or over 130. Once IQ was
established, attentional variables were recorded using two types of measures: Performance measures
(D2 Attention Test) and observation measures (EDAH scale completed by families).

2.2.1. Performance Measures

The D2 Attention Test [38] was used for the assessment of attentional variables based on the
participant´s performance. This is a screening test of selective attention and concentration. It lasts about
8–10 min. The task consists of the identification of relevant stimuli (the letter d “with two stripes”).
The test is composed of 14 rows (with 47 letters each row) in which the participant has to identify the
relevant stimuli. The participant spends 20 s on each row. Different attention indicators are recorded:
Total responses (TR), total correct responses (CR), errors of omission (O), and commissions (C). On the
basis of these variables, two general measures are obtained: A measure of general performance—or
quality of attention—(TOT = total responses minus the sum of errors of omission and commission)
and a specific measure of sustained attention or concentration (CON = total correct responses minus
commissions). Raw scores and percent rank scores are provided in the task. In the current study,
the following indicators were used as dependent variables, based on raw scores: D2 quality of attention
(D2-TOT), D2 concentration (D2-CON), and D2 correct responses (D2-CR).

2.2.2. Observation Measures

The EDAH scale [39] was completed by families in order to assess behaviors related to attention
deficit and hyperactivity/impulsivity and confirmed the selection criteria for the ADHD group.
This scale evaluates attentional symptomatology described in DSM-5 [40] through the administration
of a 20-item observation scale. The scale is frequently used as a screen for ADHD and helps distinguish
the different presentations of the disorder: Predominantly impulsive–hyperactive, predominantly
Inattentive, and the combined presentation. The raw scores in the sub-scales of attention deficit
(EDAH-AD), hyperactivity/impulsivity (EDAH-H/I), and ADHD (EDAH-ADHD) were used as
dependent variables in this study.
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2.3. Procedure

This study was conducted in accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki), which establishes the ethical principles for research involving
humans [41]. Participants and their parents gave written informed consent and volunteered for the
study. Once written consent was obtained, the corresponding tests were conducted to verify the
diagnosis and to participate in this research. The study was approved by the Ethics Committee of the
Principality of Asturias (reference: CPMP/ICH/70/19, code: vRTI_Learning).

Participants were selected by means of convenience procedures, and their specification in terms of
previous diagnosis was established according to the information provided by pediatric and/or school
counseling services. Diagnoses were established according to a comprehensive evaluation of students’
cognitive, affective, and attentional components, as well as basic reading, writing, and mathematics
skills; this was done using standardized tests. The students were recruited from the same educational
psychology service in Northern Spain. Before starting the intervention, both the experimental and control
groups completed the WISC-IV and the D2 Attention Test, while the EDAH scale was administered to
families (pretest). D2 and EDAH were also administered at the end of the intervention (posttest).

The intervention consisted of a 28-session program (2 ten-minute sessions per week). The tools
used were “Boogies Academy” and “Cuibrain,” depending on the age of the participant. For students
aged between 6 and 10, “Boogies Academy” was used, while participants aged between 11 and
16 played “Cuibrain.”

The design and development of the games used a methodology called the Tree of Intelligences (ToI)
method. This methodology, applied to attention deficit (Figure 2), is based on Gardner’s conception
of the human mind, which is that the different intelligences work in a coordinated manner [30,42]
and can be triggered by information presented both internally and externally. These intelligences,
predispositions, or talents can help improve students’ weak areas. In this case, the sample was made
up of students who have attention problems. Because attention is a basic process and the games used
in the study address the attentional component in their mechanics, one would expect students to
improve their attention using their strong abilities (different intelligences) as an access route.

Figure 2. Graphic representation of the Tree of Intelligences (ToI) method applied to attention intervention.
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The technologies developed using this method have implications for both assessment and
intervention, and this is mediated by the design itself and technical characteristics of the game,
which make the videogame a serious game.

The result is an algorithm which allows the real-time measurement of a player’s achievement,
providing information about their profile of intelligences, as well as advice for improving strong areas
and compensating for weaker areas. Both games have a total of 10 sub-games, covering at least one key
ability from each of the 8 intelligences recognized by Gardner´s theory (musical, bodily-kinaesthetic,
logical–mathematical, linguistic, spatial, interpersonal and intrapersonal, and naturalistic intelligence).

The main instructional strategy behind this methodology is problem solving, since the player
exercises and rehearses deploying their prior skills and knowledge. In response to the concept of
intelligence presented by MIT, the subjects must give the correct solution to the challenge presented by
each game.

The intervention was carried out by the same member of the research team each time. Participant
attendance to each session was registered. The intervention took place at the same educational
psychology center participants were recruited from—a psychological center specializing in learning
difficulties. During each session, participants played two games (5 min each). The games were
randomly assigned to the participants each day, ensuring that each participant had played the same
number of sessions per game at the end of the intervention program. Participants played the games
individually (each student had a tablet) in a shared space for small groups of 4–5 children—a separate
room with appropriate environmental conditions. The intervention was carried out after school hours.
All the games included a built-in tutorial on how to play. No prior knowledge on multiple intelligences
or the different skills put into place in each game was required.

The students were assigned to the experimental and control groups randomly. The control group
did not receive any parallel or alternative training. However, for ethical reasons, they were given the
same intervention once the posttest assessment was completed.

2.4. Data Analysis

In order to meet the objectives of the study, data were analyzed in three steps. First, to verify that
the data was appropriate for parametric analyses, descriptive statistics for the dependent variables
(performance and observation measures; pre and posttest) were analyzed, with special attention to
skewness and kurtosis values. As the variables showed a normal distribution, parametric analyses
were performed. Second, to determine the effect of the intervention, group differences in posttest were
analyzed, taking possible differences in pretests and the effect of age into consideration. Separate
Analyses of the Covariance (ANCOVAs) were performed, controlling for the effect of the pretest
and age, in each variable, as covariates. Lastly, an estimation of the effect size (Eta squared; η2) was
included. Based on Cohen´s [43] correspondence criterion, η2 = 0.01 was interpreted as small, η2 = 0.06
as medium, and η2 = 0.14 as large.

SPSS 24 was used for data analysis, establishing p < 0.05 as the criterion for statistical significance.

3. Results

Change in Attentional Variables after the Intervention

Table 1 shows descriptive statistics for the different groups in each of the variables examined,
as well as between-group differences in posttest.
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Table 1. Descriptive statistics (pre and posttest) and between-group differences in D2 and EDAH.

Experimental Group (n = 24) Control Group (n = 20) Differences

M SD M SD p η2

Performance measures

D2-TOT
PRE 321.05 75.71 313.81 76.03 0.754 0.002

POST 403.25 102.02 357.80 91.45 0.013 0.145

D2-CON
PRE 130.40 31.77 132.33 49.75 0.877 0.001

POST 166.97 45.64 144.56 37.17 0.009 0.157

D2-CR
PRE 132.97 31.69 137.71 49.82 0.704 0.003

POST 168.69 45.23 147.07 36.15 0.002 0.210

Observation measures

EDAH-AD
PRE 7.06 3.198 7.60 3.033 0.573 0.008

POST 7.23 2.859 7.23 2.859 0.668 0.005

EDAH-H/I PRE 6.75 3.674 7.40 3.424 0.550 0.009
POST 5.98 3.116 6.78 3.636 0.881 0.001

EDAH-ADHD
PRE 13.21 5.703 15.00 5.794 0.309 0.025

POST 13.21 5.099 13.61 3.306 0.999 <0.001

Note. D2-TOT = Total-quality of attention; D2-CON = Concentration; D2-CR = Correct responses; EDAH-AD =
Attention deficit symptoms; EDAH-H/I = Hyperactivity/impulsivity symptoms; EDAH-ADHD = Attention deficit
and hyperactivity/impulsivity symptoms; PRE = Pretest; POST = Posttest.

The means of the performance measures of attention (D2) indicated a general improvement in
each group in the posttest, with an increase in the total effectiveness of the test (TOT), concentration
(CON), and accuracy, established in terms of correct responses (CR). This increase was greater in
the experimental group (Figure 3). A statistical analysis of between-group differences showed that,
although the groups did not differ significantly in the pretest, there were statistically significant
differences in the posttest in all variables, favoring the experimental group. Effect sizes were large,
with the highest effect size in CR. The covariate age did not have a statistically significant effect in any
of the comparisons made.

Figure 3. Change in attentional variables (D2 test) over time. PRE = Pretest; POST = Posttest, EG =

Experimental group; CG = Control Group.

In the case of observation measures (EDAH administered to families), there were no statistically
significant differences between the groups either at pretest or posttest. Looking at each group separately,
the means indicate that there was no significant reduction in the symptoms over time.
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4. Discussion

Today, videogames have become indispensable entertainment for children and adults. At the
same time, the Theory of Multiple Intelligences has progressively gained popularity, although critical
positions in terms of its existence and conceptualization are also present. However, there is little
research focusing on the relationship between videogames, multiple intelligences, and learning
processes to date.

With respect to attentional variables assessed by means of performance measures (D2), the results
indicated a general improvement in both the experimental and control groups after the intervention, with
a general increase in concentration and accuracy. Looking at between-group differences, the groups
were statistically significantly different in their levels of attention at the end of the intervention,
with participants in the experimental group exhibiting significantly higher levels of attention in
comparison to the controls. The largest effect was found in the variable correct responses, which
represents performance accuracy. These results are in line with previous research stating that playing
videogames can increase concentration and other cognitive variables, such as processing speed or
visual discrimination [12–16].

Bul et al. [15], for instance, reported improvements in time management and planning/organizing,
as well as a reduction in hyperactivity symptoms in a group of students with ADHD who played an
SG intervention. The same authors found positive effects of SGs on attention in previous research [14]
when they analyzed the effect of a 10-week SG intervention (called “Plan-It Commander”) in a sample of
ADHD students aged 8–12. They also found significantly greater differences in the experimental group
in time management skills and the social skill of responsibility (as reported by parents) compared to the
control group. In the current study, no differences in observation measures (EDAH scale administered
to families) were found. Our participants in the experimental and control groups did not differ in the
variables of attention deficit, hyperactivity/impulsivity, or the combination of both—either before or
after the intervention.

The lack of statistically significant differences in observation measures in our study, even when
they were found in performance measures, could be explained by the different nature of the two
types of attentional measures that were used. Previous research has highlighted the existence of a low
correspondence between the scores of children and adolescents in traditional performance tests and
the difficulties observed in various areas of daily life functioning, such as school or home, reported by
different informants—particularly parents and/or teachers [44–48]. These studies have noted the presence
of low-to-moderate associations between the information obtained by different methods or informants.

Within this context, changes in attentional performance were expected, given the mechanisms
involved in traditional performance measures. In this case, the D2 test consists of discriminating visual
stimuli within a context, having a reduced amount of time (20 s per row of 47 stimuli—or possible
target). This task requires visual speed, concentration, and discrimination skills, which are commonly
trained, explicitly or implicitly, by playing video games. This finding is in line with the study by
Schubert et al. [17], who found differences in visual attention and visual processing speed between
expert video gamers and non-experts.

On the whole, preliminary results from this study suggest the potential usefulness of the two
videogames tested improving attention variables (in the case of the D2 test) in the current sample of
children a adolescents. An increase in attentional variables was found in both groups, which was
expected considering that the sample involved in the study had a prior diagnosis, and as a result, were
receiving support in educational and/or clinical contexts. However, once the sample was controlled for
the possible effect of pretest differences, the gain was greater in the case of the experimental group than
in the control group. This is in line with the MI approach from Gardner [29,30], as well as the design
and foundation behind the ToI method, according to which an individual’s profile of intelligences can
provide important clues to help strengthen their strong areas and compensate for their weak points—in
this study, that weak point was attention.
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5. Conclusions

The main conclusion arising from these findings is the need to broaden the study of educational
videogames and their possible benefits to different cognitive variables and diverse populations,
especially those with difficulties in the automation or control of cognitive processes, such as attention.
The great popularity of these tools makes them exceptional alternatives for applications with
intervention and therapeutic objectives, as long as they are well defined in terms of objectives
to achieve, content to work with, assessment procedures, and skills and competences to develop [7,33].
Their benefits lie in the potential to create more realistic and interactive environments that promote
cognitive processes through increasingly adapted resources that can be progressively integrated
with the variety of intervention approaches available today, mainly pharmacological and behavioral
interventions. For instance, the use of game-based neurofeedback systems, in combination with
pharmacological support, has been shown to help improve executive control in subjects with ADHD to
a greater extent than pharmacological support alone [49].

Finally, there are some limitations in the study that should be acknowledged. Frist, the small sample
size and the heterogeneous nature of the sample must be taken into consideration in relation to the
generalization and scope of the findings. The absence of a control group of students without learning
disabilities is also a limitation. Additional studies, controlling for the presence or absence of a diagnosis,
are needed in order to better determine the potential of the intervention. Along similar lines, widening the
sample by considering additional diagnostic groups, such as autistic spectrum disorder or students with
affective-motivational disorders would be interesting, as previous research indicates that SGs can have
potential effects on variables such as motivation, affect, and cognitive flexibility. In addition, the possible
effect of the game must be considered. Both games, “Boogies Academy” and “Cuibrain” share the ToI
methodology, and the mechanics of the games are similar. However, the aesthetics vary. “Boogies”
is intended for children, and “Cuibrain” is intended for adolescents. “Cuibrain” is more difficult
than “Boogies” in order to adapt to the attentional demands of the participants´ developmental levels.
The possible effect of both variables (aesthetics and difficulty) must be analyzed in future studies. When
it comes to effects on attention found in the study, the number of attentional measures could be increased
in future studies, especially in the case of observation measures. While one of the findings from the study
was that there is no correspondence between the results from performance and observation measures,
including reports from other informants such as teachers would have helped to better determine any
such correspondence and possible sources of the lack of agreement. Lastly, as follow-up measures
were not taken either in the experimental or the control group, the long-term effects of the intervention
could not be analyzed. Further research is necessary in order to better determine the potential of new
technologies—especially SGs—for learning and rehabilitation.

Author Contributions: Conceptualization, all authors.; methodology, P.G.-R. and T.G.; formal analysis, D.A. and
J.C.N.; investigation, T.G. and C.R.; resources, J.C.N. and C.R.; data curation, P.G.-R. and T.G.; writing—original
draft preparation, P.G.-R.; writing—review and editing, T.G, D.A. and C.R.; supervision, J.C.N. and C.R.; project
administration, T.G.; funding acquisition, C.R. and J.C.N.

Funding: This research partially was funded by Principality of Asturias, regional project with reference
FC-GRUPIN-IDI/2018/000199; a predoctoral grant from the Spanish Ministry of Education, Culture and Sports
through the National Program FPU with reference FPU15/01525; and a crowdfunding program from the Spanish
National Goverment with reference MINECO-18-FCT-PRECIPITA.

Acknowledgments: The authors acknowledge participants, families and institutions that collaborated to make
this study possible.

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

References

1. Boot, W.R.; Kramer, A.F.; Simons, D.J.; Fabiani, M.; Gratton, G. The effects of video game playing on attention,
memory, and executive control. Acta Psychol. 2008, 129, 387–398. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.actpsy.2008.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18929349


Int. J. Environ. Res. Public Health 2019, 16, 2480 11 of 12

2. Qian, M.; Clark, K.R. Game-based Learning and 21st-century skills: A review of recent research.
Comput. Hum. Behav. 2016, 63, 50–58. [CrossRef]

3. Spanish Association of Videogames. Anuario de la industria del videojuego. 2017. Available online:
http://www.aevi.org.es/documentacion/el-anuario-del-videojuego/ (accessed on 11 May 2019).

4. Zyda, M. From visual simulation to virtual reality to games. Computer 2005, 38, 25–32. [CrossRef]
5. Jaramillo-Alcazar, A.; Lujan-Mora, S.; Salvador-Ulluari, L. Inclusive Education: Mobile Serious Games for

People with Cognitive Disabilities. Enfoque UTE 2018, 9, 53–66. [CrossRef]
6. García-Redondo, P.; García, T.; Areces, D.; Garmen, P.; Rodríguez, C. Multiple intelligences and videogames:

Intervention proposal for learning disabilities. In Learning Disabilies; Ryan, C.S., Ed.; IntechOpen: London,
UK, 2017; pp. 83–97.

7. Starks, K. Cognitive behavioral game design: A unified model for designing serious games. Front. Psychol. 2014, 5.
[CrossRef] [PubMed]

8. Durkin, K.; Boyle, J.; Hunter, S.; Conti-Ramsden, G. Video games for children and adolescents with special
educational needs. Zeitschrift für Psychologie 2013, 221, 79–89. [CrossRef]

9. Katz, J.; Mirenda, P.; Auerbach, S. Instructional Strategies and Educational Outcomes for Students with
Developmental Disabilities in Inclusive “Multiple Intelligences” and Typical Inclusive Classrooms. Res. Pract. Pers.
Sev. Disabil. 2002, 27, 227–238. [CrossRef]

10. Kuo, C.C.; Maker, C.J.; Su, F.L.; Hu, C. Identifying young gifted children and cultivating problem solving
abilities and multiple intelligences. Learn. Individ. Differ. 2010, 20, 365–379. [CrossRef]

11. Terras, M.M.; Boyle, E.A.; Ramsay, J.; Jarrett, D. The opportunities and challenges of serious games for people
with an intellectual disability. Br. J. Educ. Technol. 2018, 49, 690–700. [CrossRef]

12. Sánchez-Peris, F.J. Gamification. Theory of Education. Educ. Knowl. Soc. 2015, 16, 13–15.
13. Sedeño, A. Videojuegos como dispositivos culturales: Las competencias espaciales en educación. Comunicar 2010,

17, 183–189. [CrossRef]
14. Bul, K.C.M.; Kato, P.M.; Van der Oord, S.; Maras, A.; Willems, A.; van Oers, H.J.; Van Den Heuvel, R.; Birnie, D.;

Van Amelsvoort, T.A.; Franken, I.H.; et al. Behavioral Outcome Effects of Serious Gaming as an Adjunct to
Treatment for Children with Attention-Deficit/Hyperactivity Disorder: A Randomized Controlled Trial. J. Med.
Internet Res. 2016, 18, e26. [CrossRef] [PubMed]

15. Bul, K.C.M.; Doove, L.L.; Franken, I.H.A.; Van der Oord, S.V.; Kato, P.M.; Maras, A. A serious game for children
with Attention Deficit Hyperactivity Disorder: Who benefits the most? PLoS ONE 2018, 13, e0193681. [CrossRef]

16. Lumsden, J.; Edwards, E.A.; Lawrence, N.S.; Coyle, D.; Munafò, M.R. Gamification of Cognitive Assessment and
Cognitive Training: A Systematic Review of Applications and Efficacy. JMIR Serious Games 2016, 4, e11. [CrossRef]

17. Schubert, T.; Finke, K.; Redel, P.; Kluckow, S.; Müller, H.; Strobach, T. Video game experience and its influence on
visual attention parameters: An investigation using the framework of the Theory of Visual Attention (TVA). Acta
Psychol. 2015, 157, 200–214. [CrossRef] [PubMed]

18. Coleman-Martin, M.; Heller, K.; Cihak, D.; Irvine, K. Using computer-assisted instruction and the nonverbal
reading approach to teach word identification. Focus Autism Other Dev. Disabil. 2005, 20, 80–90. [CrossRef]

19. Luckevich, D. Computer Assisted Instruction for Teaching Vocabulary to a Child with Autism. Ph.D. Thesis,
Nova Southeastern University, Fort Lauderdale, FL, USA, 2008.

20. Ang, C.S.; Zaphiris, P. Computer games and language learning. In Handbook of Research on Instructional
Systems & Technology; Kidd, T.T., Song, H., Eds.; IGI Global: Hershey, PA, USA, 2008; pp. 449–462.

21. De Haan, J.; Reed, W.M.; Kuwada, K. The effect of interactivity with a music video game on second language
vocabulary recall. Lang. Learn. Technol. 2010, 14, 74–94.

22. Massaro, D.W.; Bosseler, A. Read my lips: The importance of the face in a computer-animated tutor for
vocabulary learning by children with autism. Autism 2006, 10, 495–510. [CrossRef]

23. Polat, E.; Adiguzel, T.; Akgun, O.E. Adaptive web-assisted learning system for students with specific learning
disabilities: A needs analysis study. Educ. Sci. Theory Pract. 2012, 12, 3243–3258.

24. Shokri, H.; Abdolmanafi-Rokni, S.J. The impact of computer games on EFL learners’ spelling: A qualitative study.
Stud. Engl. Lang. Teach. 2014, 2, 266–274. [CrossRef]

25. Devlin, K. Mathematics Education for a New Era: Video Games as a Medium for Learning; AK Peters: London, UK, 2011.
26. Garmen, P.; Rodríguez, R.; García, T.; García-Redondo, P.; Suárez, N. El Potencial de los Videojuegos Para

Intervenir con Dificultades de Aprendizaje. Novática 240: Sept-Dec 2018. Available online: https://www.

http://dx.doi.org/10.1016/j.chb.2016.05.023
http://www.aevi.org.es/documentacion/el-anuario-del-videojuego/
http://dx.doi.org/10.1109/MC.2005.297
http://dx.doi.org/10.29019/enfoqueute.v9n1.236
http://dx.doi.org/10.3389/fpsyg.2014.00028
http://www.ncbi.nlm.nih.gov/pubmed/24550858
http://dx.doi.org/10.1027/2151-2604/a000138
http://dx.doi.org/10.2511/rpsd.27.4.227
http://dx.doi.org/10.1016/j.lindif.2010.05.005
http://dx.doi.org/10.1111/bjet.12638
http://dx.doi.org/10.3916/C34-2010-03-18
http://dx.doi.org/10.2196/jmir.5173
http://www.ncbi.nlm.nih.gov/pubmed/26883052
http://dx.doi.org/10.1371/journal.pone.0193681
http://dx.doi.org/10.2196/games.5888
http://dx.doi.org/10.1016/j.actpsy.2015.03.005
http://www.ncbi.nlm.nih.gov/pubmed/25834984
http://dx.doi.org/10.1177/10883576050200020401
http://dx.doi.org/10.1177/1362361306066599
http://dx.doi.org/10.22158/selt.v2n3p266
https://www.novatica.es/el-potencial-de-los-videojuegos-para-intervenir-con-dificultades-de-aprendizaje/
https://www.novatica.es/el-potencial-de-los-videojuegos-para-intervenir-con-dificultades-de-aprendizaje/


Int. J. Environ. Res. Public Health 2019, 16, 2480 12 of 12

novatica.es/el-potencial-de-los-videojuegos-para-intervenir-con-dificultades-de-aprendizaje/ (accessed on
11 January 2019).

27. Evans, M.A.; Norton, A.; Chang, M.; Deater-Deckard, K.; Balci, O. Youth and video games: Exploring effects
on learning and engagement. Zeitschrift für Psychologie 2013, 221, 98–106. [CrossRef]

28. Garmen, P.; Rodríguez, C.; García-Redondo, P.; San-Pedro-Veledo, J.C. Inteligencias múltiples y videojuegos:
Evaluación e intervención con software TOI. Comunicar 2019, 23, 95–104. [CrossRef]

29. Gardner, H. Frames of Mind; Basic Books: New York, NY, USA, 1983.
30. Gardner, H. Multiple Intelligences: The Theory in Practice; Paidós: Barcelona, Spain, 2013.
31. Coll, C.; Onrubia, J. Psychological factors and processes involved in school learning. In Psychological Development

and Education; Coll, C., Palacios, J., Marchesi, A., Eds.; Alianza Editorial: Madrid, Spain, 2001; pp. 189–210.
32. Prieto, M.D.; Ballester, P. Multiple Intelligences. Different Ways of Teaching and Learning; Pirámide: Madrid, Spain, 2003.
33. Del Moral, M.E.; Fernández, L.C.; Guzmán, A.P. Videogames: Multisensory Incentives Boosting Multiple

Intelligences in Primary Education. Electron. J. Res. Educ. Psychol. 2015, 13, 243–270. [CrossRef]
34. Serafini, G.; Muzio, C.; Piccinini, G.; Flouri, E.; Ferrigno, G.; Pompili, M.; Girardi, P.; Amore, M. Life adversities

and suicidal behavior in young individuals: A systematic review. Eur. Child Adolesc. Psychiatry 2015, 24, 1423–1446.
[CrossRef] [PubMed]

35. García, T.; Rodriguez, C.; Rodríguez, F.J.; Fernández, A.; Richarte, V.; Ramos-Quiroga, J.A. Psychosocial
Profiles of Adults with ADHD: A Comparative Study of Prison and Outpatient Psychiatric Samples. Eur. J.
Psychol. Appl. Leg. Context 2019, 11, 41–49. [CrossRef]

36. Rodríguez, C.; Areces, D.; García, T.; Cueli, M.; González-Castro, P. Comparison between two continuous
performance tests for identifying ADHD: Traditional vs. virtual reality. Int. J. Clin. Health Psychol. 2018, 18, 254–263.
[CrossRef] [PubMed]

37. Wechsler, D. The Wechsler Intelligence Scale for Children, 4th ed.; Pearson Assessment: London, UK, 2005.
38. Brickenkamp, R. D2. Attention Task; TEA Ediciones: Madrid, Spain, 2001.
39. Farré, A.; Narbona, J. EDAH: Scale for the Assessment of Attention Deficit Hyperactivity Disorder; TEA Ediciones:

Madrid, Spain, 2001.
40. American Psychiatric Association APA. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American

Psychiatric Publishing: Arlington, VA, USA, 2013.
41. Williams, J.R. Revising the declaration of Helsinki. World Med. J. 2008, 54, 120–125.
42. Armstrong, T. Multiple Intelligences in the Classroom; Ediciones Manantial: Buenos Aires, Argentina, 1999.
43. Cohen, J.W. Statistical Power Analysis for the Behavioural Sciences, 2nd ed.; Lawrence Erlbaum Assiociates:

Hillsdale, NY, USA, 1988.
44. Bishop, T.L. Relationship between performance based measures of executive function and the Behavior Rating

Inventory of Executive Function (BRIEF), a parent rating measure. Diss. Abstr. Int. Sect. B Sci. Eng. 2011, 72, 522.
45. Gioia, G.A.; Kenworthy, L.; Isquith, P.K. Executive function in the real world: BRIEF lessons from Mark Ylvisaker.

J. Head Trauma Rehabil. 2010, 25, 433–439. [CrossRef]
46. Lezak, M.D.; Howieson, D.B.; Bigler, E.D.; Tranel, D. Neuropsychological Assessment, 5th ed.; Oxford University

Press Chapters: Oxford, UK, 2012.
47. McAuley, T.; Chen, S.; Goos, L.; Schachar, R.; Crosbie, J. Is the Behavior Rating Inventory of Executive Functions

more strongly associated with measures of impairment or executive function? J. Int. Neuropsychol. Soc. 2010,
16, 495–505. [CrossRef]

48. Toplak, M.E.; Bucciarelli, S.M.; Jain, U.; Tannock, R. Executive functions: Performance-based measures
and the Behavior Rating of Executive Function (BRIEF) in adolescents with Attention Deficit/Hyperactivity
Disorder (ADHD). Child Neuropsychol. 2009, 15, 53–72. [CrossRef] [PubMed]

49. González-Castro, P.; Cueli, M.; Rodríguez, C.; García, T.; Álvarez, L. Efficacy of Neurofeedback Versus
Pharmacological Support in Subjects with ADHD. Appl. Psychophysiol. Biofeedback 2016, 41, 17–25. [CrossRef]
[PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://www.novatica.es/el-potencial-de-los-videojuegos-para-intervenir-con-dificultades-de-aprendizaje/
https://www.novatica.es/el-potencial-de-los-videojuegos-para-intervenir-con-dificultades-de-aprendizaje/
http://dx.doi.org/10.1027/2151-2604/a000135
http://dx.doi.org/10.3916/C58-2019-09
http://dx.doi.org/10.14204/ejrep.36.14091
http://dx.doi.org/10.1007/s00787-015-0760-y
http://www.ncbi.nlm.nih.gov/pubmed/26303813
http://dx.doi.org/10.5093/ejpalc2018a14
http://dx.doi.org/10.1016/j.ijchp.2018.06.003
http://www.ncbi.nlm.nih.gov/pubmed/30487931
http://dx.doi.org/10.1097/HTR.0b013e3181fbc272
http://dx.doi.org/10.1017/S1355617710000093
http://dx.doi.org/10.1080/09297040802070929
http://www.ncbi.nlm.nih.gov/pubmed/18608232
http://dx.doi.org/10.1007/s10484-015-9299-4
http://www.ncbi.nlm.nih.gov/pubmed/26290167
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Measures 
	Performance Measures 
	Observation Measures 

	Procedure 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

