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Abstract: Studies show that executive functions and motor development are associated with each
other and with learning ability. A more technological lifestyle combined with digital culture should
be considered a viable alternative to stimulate children’s development. Therefore, this study aimed to
present a systematic mapping of the literature involving executive functions, motor development, and
the use of digital games in intervention programs for elementary school children from 6 to 11 years
old. Four databases were researched: PubMed, Scielo, Science Direct, and SCOPUS, including
publications between 2012 and March 2021. The initial results indicated 4881 records. After the
selection process, 15 manuscripts that presented the central theme of the study were selected. The
main results indicated that intervention strategies are rather heterogeneous. Most of the studies
demonstrated efficient results after intervention protocols, many of them were conducted in Europe,
and 46% occurred in a school environment. No research was identified involving technological
solutions using executive functions, motor development, and digital games in an integrated manner.
Hence, this constitutes a field of future scientific research.

Keywords: cognition; intervention program; motor skills; video game

1. Introduction

The development of motor skills is not typically considered a cognitive component;
however, the “motor” issue implies cognition as the performance of physical movements
necessary for learning requires planning and deliberation [1]. The development of motor
skills enables children to perform goal-oriented movements and behaviors [2]. Executive
functions, in turn, control and regulate behavior to achieve specific goals. They are essential
for the child to have more autonomy, emotional independence, and action planning [3].
In this case, many studies have investigated the association between motor and cognitive
development, particularly executive functions [4]. A more technological lifestyle associ-
ated with digital culture should be considered a viable alternative to stimulate cognitive
and motor children development [5,6]. Indeed, technology in contemporary society is a
reference in the dimension of leisure, work, and knowledge [7]. Therefore, this work aims
to understand the relationships between motor and cognitive development associated with

Educ. Sci. 2022, 12, 164. https:/ /doi.org/10.3390/educscil2030164

https://www.mdpi.com/journal /education


https://doi.org/10.3390/educsci12030164
https://doi.org/10.3390/educsci12030164
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0001-8107-8675
https://orcid.org/0000-0003-0159-3584
https://orcid.org/0000-0002-0358-2056
https://orcid.org/0000-0002-4514-1371
https://orcid.org/0000-0003-0446-9271
https://doi.org/10.3390/educsci12030164
https://www.mdpi.com/journal/education
https://www.mdpi.com/article/10.3390/educsci12030164?type=check_update&version=2

Educ. Sci. 2022, 12, 164

20f17

the use of digital technologies, mainly digital games, based on a systematic mapping of the
literature.

Executive functions are divided into several components. According to Diamond [8],
the basic ones are working memory, cognitive flexibility, and inhibitory control. Compo-
nents of a higher order stem from those: working memory (decision making, problem-
solving, selective attention, perceptual speed, anticipation, and prediction); cognitive
flexibility (planning and sequencing, spatial orientation, capacity for abstraction, prob-
lems, and decomposition); and inhibitory control (selective attention, sustained attention,
capacity to inhibit, resistance to interference, and classifying).

The relationship between motor skills and executive functions is often explained by
overlapping brain areas important to both abilities. Neural networks, including the frontal,
parietal, and motor cortex, are not only involved in underlying executive functions, but
also motor tasks. In addition, the cerebellum and basal ganglia, crucial for motor skills, are
also involved in executive functions [9].

At the behavioral level, the connection between motor skills and cognitive functions is
explained by the involvement of executive functions in motor tasks [10]. Executive func-
tions and motor skills are fundamental for the child’s development. These two components
provide a foundation for long-term academic success and co-development in young chil-
dren involving bidirectional and synergistic aspects. The theoretical development comes
from the perspectives of the dynamic system, which considers the development of children
as multilevel, interactive, and bidirectional [11].

A child with proper cognition and motor development tends to become a young adult
who learns better and has a better quality of life. This means that by conquering well
motor control and executive function developments, the child will be building the basics
for his/her intellectual development, preventing him/her from having an impairment of
motor and cognitive abilities [11]. The stimulation of motor and cognitive development
involves biological and maturational factors. This process varies according to the speed of
progression among children, even though the motor development sequence is the same
for everyone. Today, we need to deal with technologies and understand that development
processes are involved in different contexts. Digital games represent a technological element
that is part of digital culture, into which children are inserted [12]. Digital games are tools
that promote the engagement and interaction of children and adolescents with digital
artifacts. As a result, research is being performed involving the use of digital games to
stimulate motor development [13] and executive functions [14].

The use of digital games enables cognitive stimulation in a playful and natural context
for children, considering an ecological approach. It considers the daily tasks that the
individual practices or the context and environment in which they are inserted. In this
perspective, there is a tendency to integrate ecological theories into several applications in
neuropsychological science [15] and the evaluation of motor development in children [16].
In the area of motor development, it is possible to combine bodily activities with activities
from digital games. In this context, there is a cognitive theory in which the intellectual
understanding of concepts is reinforced by bodily interactions with the physical world. This
theory suggests that “embedded interactions” can stimulate the development of students’
cognitive processes. In addition, it helps to understand abstract theoretical concepts through
experience, exploration, and practice of controlled body movements [17].

Studies have strived to understand and propose interventions that assess and/or
promote motor and executive development [18]. Still, research involves interventions
stimulating executive functions mediated by technologies [19]. These interventions can
take place in different contexts and involve different methodologies. Nevertheless, the
school context is configured as an important environment, as it is part of the child’s daily
life, allowing interventions in an ecological approach. This approach assesses the child
globally and naturally, considering his/her time and space and not just within specific
conditions [20].
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Hence, considering the presented context, this paper investigates recent studies related
to executive function and motor development through digital games. The study has
two main purposes: (1) to evaluate the methodologies employed in the assessment of the
interventions, and (2) to verify the strategies to conduct the school intervention program.
This research presents the results of a systematic mapping of the literature that analyzes
studies involving executive functions, motor development, and the use of digital games in
intervention programs for elementary school children from 6 to 11 years old.

This paper is organized as follows: the Methods section demonstrates the methodology
used and states the questions pertinent to the systematic mapping of the literature proposed
here. The Results and Discussion section presents the results of the research in the databases,
the findings on the previously raised issues. Finally, the Conclusion section addresses the
main outcomes of the study.

2. Methods

This study is based on the methodological process of systematic mapping, proposed
by Peterson et al. [21], consisting of four distinct steps: (1) definition of research questions;
(2) delimitation of the research process; (3) definition of criteria for filtering results; and (4)
classification of results for further analysis.

2.1. Research Questions

The research process was based on three groups of questions: general questions (GQ),
focal questions (FQ), and statistical questions (S5Q), which were categorized as per Table 1.

Table 1. Research questions.

ID Questions

GQ1 What were the strategies used to conduct the intervention program?
What were the results of intervention programs involving executive functions and

GQ2 motor development?

GQ3 What were the results of the intervention programs involving executive functions
and digital games?

GO4 What were the results of the intervention programs involving motor development
and digital games?

FQ1 What were the tests used to assess executive functions?

FQ2 What were the tests used to assess motor development?

FQ3 How and what were the digital games used?

SQ1 How many and what tasks did the application in a school environment involve?

SQ2 What is the distribution of articles by continent?

SQ3 What are the perceived trends?

2.2. Research Process

The process used to define the strings was based on specific keywords. Initially, a
broad investigation was performed, involving the following terms and their synonyms
together: executive function, motor development, digital game, and children.

However, the findings were not satisfactory, as no studies involving the terms execu-
tive functions, motor development, and digital games together were found. Therefore, to
expand the results, the research was divided into three groups: (1) executive functions and
motor development; (2) executive functions and digital games; and (3) motor development
and digital games. Thus, we sought to identify a higher number of studies, so that in the
analysis process, a relationship between the findings involving the three study variables
could be made. This process originated the following research strings used in this study:

Group 1: (“executive function” OR “cognition”) AND (“motor development” OR
“motor skill”) AND (“children” OR “childhood”)

Group 2: (“executive function” OR “cognition”) AND (“video game” OR “digital
game” OR “digital technology” OR “software” OR “mobile device” OR “computer”) AND
(“children” OR “childhood”)
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Group 3: (“motor development” OR “motor skill”) AND (“video game” OR “digital
game” OR “digital technology” OR “software” OR “mobile device”) AND (“children”
OR “childhood”).

The research strings were applied to four databases: PubMed (https:/ /pubmed.ncbi.nlm.
nih.gov/ (accessed on 05 August 2021)), Scielo (https:/ /scielo.org/ (accessed on 5 August 2021)),
Science Direct (https:/ /www.sciencedirect.com/ (accessed on 6 August 2021)), and SCOPUS
(https:/ /www.scopus.com/home.uri (accessed on 6 August 2021)), and included records
published between 2012 and 2021. Among those, PubMed is known for being a literature
database in the health area. The other databases were inserted in the research as they
encompass a wide variety of periodicals in other fields. Mapped articles were stored using
the tool Rayyan (https://www.rayyan.ai/ (accessed on 5 August 2021)). Subsequently,
they were exported for bibliometric analysis at VOSViewer (https://www.vosviewer.com/
(accessed on 30 September 2021)).

2.3. Filter of Results and Data Extraction

The following inclusion criteria (IC) were defined to filter the research results:

(IC1)—Articles published from 2012 to March 2021;

(IC2)—Publications in conferences, journals, or workshops;

(IC3)—Complete and full access to content; and

(IC4)—Publication which involves children in typical development from elementary
school from 6 to 11 years old.

In contrast, the following exclusion criteria (EC) were defined for the second round
of filtering:

(EC1)—Duplicated articles;

(EC2)—Theses, dissertations, books, and reviews; and

(EC3)—Articles unrelated to the theme.

Figure 1 represents the research process, which utilized the defined string on the
databases publications for title, abstract, and keywords. Consequently, singular and plural
keywords were used in the research string for each database, producing the initial results.
Afterward, filters EC1, EC2, and EC3 were applied. Subsequently, Keshav’s [22] three-step
technique was adopted: (1) reading the title, abstract, and introduction, analyzing the titles
of sections and subsections, mathematical elements (if any), and conclusions. During this
first step, the exclusion criteria (EC3) were applied, since they were adherent to this part of
the process, by reading all sections and subsections of the articles. After the first step, the
other two were carried out: (2) analysis of figures, diagrams, or illustrations and (3) the
initial analysis of the databases research found a total of 44,010 publications. From these,
pre-selection included 49 publications for being in the thematic area, among which the final
selection encompassed 15.

Initial Impurity Title, abstract,

search removal introduction .

CE1, CE2 CE3 , L | Filter by :
 ECTEE ! ST Combination i fulltext ! Selected
\ 78% A7% ! ! ! ' !

1 ! 1
PubMed ' filtered | filtered ! ! ! : :
573 ' 566 | 563 ! 3 : : , |

1
L100% ! 100% i i ! i
1 ' 1 1 1 ]
Sciclo ' filtered ; filtered ! ! 00,00% !
28 |28 1 28 ! 0 ] found | ]
I 99.98% i 99.09% | 49 ! 49 115 !

1 1 |
Science Direct T icre S Fred ; : : !
41089 | 41080 ! 41075 i 5 ! i i
| 98,66% Vo 99,74% ! ! ! |
! filtered ; filtered ! | ! |
SCOPUS ! !

B e e P R : : ;
I 1 I ! |
1 ! | 1 i 1
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Figure 1. Steps in the research process.
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3. Results and Discussion

Table 2 presents the articles organized by authors and year of publication, title, sample
(N), age, database, H-index, country, research duration, and research focus (EF: executive
function; MD: motor development; DG: digital game). The criteria used to organize the
studies in the table were the year of publication followed by the focus of the research
(first EF + MD, then, EF + DG, and MD + DG). The results for each research question
are presented below. Considering that this study aims to identify the current scenario of
research involving executive functions, motor development, and digital games, the research
process involved articles from conferences, journals, or workshops (IC2), according to the
methodology used for systematic review. All included studies, which resulted from the
research process, were published in journals.

Table 2. List of mapped articles.

Authors (Year)

Alesi et al.
(2014) [23]

Wunsch et al.

(2016) [24]

Egger et al.
(2018) [25]

Haapala et al.
(2019) [26]

Ludyga et al.
(2019) [27]

Van Der Fels
etal. (2019) [28]

Lin et al.
(2021) [29]

Rudd et al.
(2021) [30]

Mondéjar et al.
(2016) [31]

Title N Age Database H-Index Country Duration Research
Motor and cognitive
development: The role 39 9 years old PubMed 32 Italy 2 weeks EF + MD
of karate

No interrelation of motor
planning and executive
functions across
young ages
The effect of acute
cognitively engaging
physical activity breaks
on children’s executive
functions: Too much of a
good thing?
Longitudinal associations
of fitness, motor
competence, and
adiposity with cognition
A randomized controlled
trial on the effects of
aerobic and coordinative
training on neural
correlates of inhibitory
control in children
Relations between gross
motor skills and
executive functions,
controlling for the role of 732 8-10 years old SCOPUS 300 Netherlands 2 weeks EF + MD

information processing
and lapses of attention in
8-10 year old children
Up-regulation of
proactive control is
associated with beneficial
effects of a childhood 48 7-10yearsold  Science Direct 122 Taiwan 8 weeks EF + MD
gymnastics program on
response preparation and
working memory
Comparing the efficacy
(RCT) of learning a dance
choreography and
practicing creative dance
on improving executive
functions and motor
competence in 6-7 years
old children
Correlation between
videogame mechanics
and executive functions
through EEG analysis

217 3-10 years old SCOPUS 95 Germany 1 session EF + MD

216 7-9 years old Science Direct 93 Switzerland 1 session EF + MD

371 6-9 years old SCOPUS 216 Finland 2 years EF + MD

45 9-10 years old PubMed 99 Germany 10 weeks EF + MD

62 6-7 yearsold  Science Direct 97 Australia 8 weeks EF + MD

12 8-12 years old PubMed 91 Spain 1 session EF + DG
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Table 2. Cont.
Authors (Year) Title N Age Database H-Index Country Duration Research
Computer-based training
in math and working
Sénchez-Pérez memory improves
cognitive skills and 104 7-10 years old SCOPUS 95 Spain 13 weeks EF + DG
et al. (2018) [32] . . .
academic achievement in
primary school children:
Behavioral results
The relationships
Ozcetin et al. between video game .
(2019) [33] experience and cognitive 52 10-16 years old SCOPUS 62 Turkey 1year (min.) EF+DG
abilities in adolescents
Validation of a mobile
Sone et al game-based assessment
(202%) 3 4]' of cognitive control 100 9-16 years old SCOPUS 300 South Korea Not given EF + DG
: among children
and adolescents
The effects of a daily,
Sheeran et al. 6-week exergaming 47 grade . .
(2013) [35] curriculum on balance in 64 students Science Direct 30 Canada 8 weeks MD + DG
fourth grade children
Playing active video
Barnett et al. games may not develop . . .
(2015) [36] movement skills: An 95 4-8 years old Science Direct 24 Australia 6 weeks MD + DG
intervention trial
Improvement in
hildren’s fine motor .
McGlashanN chra . . . United
etal. (2017) [37] skills following a 28 8-10yearsold  Science Direct 86 Kingdom 4 weeks MD + DG

computerized typing
intervention

During the analysis, special attention was given to mapping possible relationships

among articles involving executive functions, motor development, and digital games since
the research string was fragmented. However, it is possible to notice that the selected articles
refer mainly to interventions related to executive functions and motor development (54%).

3.1. GQ1—What Were the Strategies Used to Conduct the Intervention Program?

In this question, the general design of the studies was analyzed. The aspects of
executive functions, motor development, and digital games were presented, in pairs and
in general. The type of analysis, the period and/or duration of the interventions, the
application of tests, the type and number of experimental and control groups, if applicable,
were identified.

One study (6%) used a non-randomized controlled design [29] and three (20%) used a
randomized controlled design [27,28,30]. Three (20%) were experimental [23-25], two lon-
gitudinal (14%) [26,32], one (6%) performed the cross-sectional design [32], and five (33%)
studies did not disclose which design was used [31,35-37].

3.1.1. Executive Functions and Motor Development

The study by Alesi et al. [23] compared the motor skills (sprint, coordination, and
explosive leg strength) and the basic executive functions in children. Participants were
divided into two groups, karate practitioners and sedentary groups. Skills were measured
by motor and cognitive tests. Anthropometric and motor measurements were performed
in one session and cognitive assessments in another. The second session lasted 2 weeks.

Regarding the development of motor planning and executive functioning in children,
the research by Wunsch et al. [24] evaluated participants who were tested using three motor
tasks and three cognitive tasks. Children were separated into 1-year age groups. The
examiner individually tested participants. The sessions lasted an average of 90 to 100 min.

Considering the coordination and aerobic capacity, the study by Egger et al. [25]
compared the separate and/or combined acute effects of physical exertion and cognitive



Educ. Sci. 2022, 12, 164

7 of 17

involvement induced by physical activity in the classroom, in children’s executive functions.
The study was conducted in one intervention session. Participants were randomly divided
into intervention groups: combo group (high cognitive involvement and high physical
effort); cognition group (cognitive involvement and low physical effort); aerobic group
(low cognitive involvement and high physical effort); and control group (low cognitive
involvement and low physical effort). Executive functions were measured before and
immediately after a 20-min intervention. To test the successful manipulation of cognitive
engagement and physical exertion, heart rate, perceived exertion, and perceived cognitive
engagement were assessed. Information on academic performance, aerobic fitness, and
gross motor skills were collected independently 2—4 weeks after the intervention.

The research by Haapala et al. [26] investigated the longitudinal associations of car-
diorespiratory fitness, motor competence, and body fat percentage with cognition in chil-
dren. Over two years, the maximum cycle ergometer test, motor competence tests, fat
percentage measurement, and cognitive assessment tests were performed.

As for coordination ability, the study by Ludyga et al. [27] compared the effects of
aerobic and coordinative training on behavioral and neurophysiological measures con-
sidering inhibitory control. This study was conducted by groups that performed aerobic
training, coordination training, or assisted homework sessions for 10 weeks. Inhibitory
control and aerobic and coordinative capacity were evaluated using specific tests. During
the data collection, outcome evaluators were blinded for the participants group allocation.
In the intervention period, the number of physical education classes was identical among
groups (3 x 45 min per week). In addition, both intervention groups completed a training
program, which consisted of three 45-min sessions per week, during leisure time (after
school). An instructor with experience in aerobics and coordination training with children
supervised these sessions.

In the research by Van Der Fels et al. [28], the link between gross motor skills and
aspects of executive functioning was investigated. Furthermore, the role of information
processing and attention lapses in the relationship between motor skills and executive
functions was analyzed. The children in this study were part of a project called “Learning in
Motion”. This project evaluated the effects of two physical activity interventions on physical
and cognitive outcomes, academic performance, brain structure, and brain function. Gross
motor skills were assessed during one or two physical education classes in a circuit form.
Executive functioning tasks were evaluated in a quiet room at the children’s school. Trained
examiners individually tested the children. The tests were evaluated in two parts over
two days.

The study by Lin et al. [29] focused on the effect of an 8-week physical program with
gymnastics activities. The activities were based on motor skills and variation from event-
related brain potentials during a working memory task. The gymnastics group engaged
in a gymnastics program. Children in the control group maintained their typical routine
during the intervention period. The performance of working memory and motor skills
were assessed using specific tests.

The research by Rudd et al. [30] examined the effect of two dance curricula on the
executive functions and motor competence of elementary school children. One was a dance
curriculum that emphasized creativity, and the other was based on choreographed dance
with a high level of cognitive demand. The intervention lasted 8 weeks, twice a week.
Executive functions and motor competence were assessed at three moments (baseline,
pre-intervention, and post-intervention).

3.1.2. Executive Functions and Digital Games

The study by Mondéjar et al. [31] analyzed the activities of the brain’s frontal lobe. The
analyses took place during a psychological assessment and while the participants played.
The experiment was divided into two stages, based on psychological and video game-based
assessments. The analysis was performed by collecting brain signals during the two stages
of the experiment. Signals were analyzed with a neuroheadset electroencephalogram.
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Also considering school performance, the study by Sanchez-Pérez et al. [32] examined
the effectiveness of computer-based school training. The training consisted of two compo-
nents, working memory and math tasks. The study followed three phases, pre-training,
training, and post-training. The pretest lasted approximately 3 weeks and was followed
by 13 weeks of training for the experimental group. One week after ending the training
period, children in both groups were reassessed. To assess the effects of training, execu-
tive functions, IQ, grades, and math and reading skills were measured. For this purpose,
standardized tests, math, and language scores were used.

The research by Ozcetin et al. [33] evaluated the effect of commercial video games on
the executive functions of children and adolescents. Volunteer participants were chosen
after an IQ test and an initial interview. The selected participants regularly played video
games for at least 1 h a day, 5 days a week, for at least a year. The players had their executive
functions evaluated through neuropsychological tests. Data such as demographics, medical,
and video game types were collected through questionnaires.

The study by Song et al. [34] assessed cognitive control through a cell phone game
and compared it with the results from traditional neuropsychological tests. They observed
relationships among the various gaming behavior scores, neuropsychological tests, and a
self-reported executive function difficulty questionnaire.

3.1.3. Motor Development and Digital Games

The research by Sheehan et al. [35] used a purpose-built exergame center in a school.
The intent was to test fourth graders with an exergame curriculum designed to improve
postural stability. The program was implemented over 6 weeks, for 34 min a day, 4-5 days
a week. Three groups were observed, one intervention and two control groups (1—physical
education focused on agility, balance, and improvement of coordination, 2—a typical
curriculum of physical education class). The assessments were carried out through a
platform for balance tests.

Another study also used exergames. However, Barnett et al. [36] investigated the
impact of active video games on children’s actual and perceived object control skills.
Children in the intervention group played the exergame 6 h a week for 6 weeks after school
hours. Assessments were carried out for the object control competence and a valid pictorial
instrument for the perceived object control competence.

Finally, the research by McGlashan et al. [37] explored whether an online interactive
typing intervention could improve children’s scores for manual dexterity. This study also
implemented a serial touch reaction time task as an index of children’s finger learning.
The intent was to see if performance on this task would improve after the intervention.
Children in the intervention group played at home for 4 weeks. The control group did not
play any games. Standardized tests were used to measure serial reaction time, motor, and
educational performance.

3.1.4. General Analysis

Regarding the executive functions of the twelve studies, eight analyzed them in
general [23,25,26,30-34], one study only the inhibitory control [27], another considered only
the working memory [29], one the inhibitory control and working memory [28], and one
did not specify [24].

Out of the eleven studies on motor development, two considered gross motor skills in
general [28,29], one object control ability [36], one manual dexterity [31], three considered
coordination [23,25,27], one balance [29], one motor planning [24], and two observed motor
competence [26,30].

The average time of application of interventions was 3.5 months. The shortest applica-
tions lasted 1 session, the longest 2 years, and one study did not disclose the duration.

Nine studies (60%) performed pre- and post-tests. One of the studies, with a longitu-
dinal design, had tests performed over the 2 years of intervention [26].

Three studies (20%) recorded electroencephalographic (EEG) activity [27,29,31].
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Six studies (40%) used an intervention group and a control group [23,26,29,32,36,37],
one study (6%) used two intervention groups [30], one study (6%) used two intervention
groups and a control group [27], one study (6%) used three intervention groups and a
control group [25], one study (6%) used eight intervention groups and an additional adult
group [19], and one study (6%) used two control groups and an experimental group [35].

Strategies to conduct the intervention programs are heterogeneous. It is not possible to
establish a pattern among the applications of the studies, whether regarding the researched
variables, the types of groups, or the duration of the interventions.

3.2. GQ2—What Were the Results of Intervention Programs Involving Executive Functions and
Motor Development?

Eight studies presented results related to executive functions and motor development.
In the research by Alesi et al. [23], they found significant differences between children who
practice karate and sedentary children. The karate practitioners had better speed time,
explosive leg strength, and coordination skills. Furthermore, they scored better on working
memory and selective visual attention.

In Wunsch et al. [24], the older the children were, the better was their performance.
Performance on separate tasks was not correlated among participants in different age
groups. In addition, there was no association between performance on the motor and
cognitive tasks used in the age control.

In the study by Egger et al. [25], the results demonstrated a significant negative effect
on cognitive involvement in the executive function of cognitive flexibility. No effects were
found on working memory or inhibitory control. No significant effects were found for
physical effort or the interaction between physical effort and cognitive involvement. Thus,
the results indicated that an acute session of cognitive involvement in physical activity in
the classroom could deteriorate children’s cognitive performance.

The results of Haapala et al. [26] demonstrated that higher motor competence at
baseline predicts better cognition during the first 2 years of schooling in boys but not
in girls. Furthermore, cardiorespiratory fitness and adiposity were not associated with
cognition in both sexes.

The research by Ludyga et al. [27] found no significant differences. However, the
results indicated that such training programs have no negative influence on the inhibitory
aspect of executive functions. Aerobic and coordination training led to an improvement in
cardiovascular fitness.

In the findings of Van Der Fels et al. [28], lapses of attention were related to all exec-
utive functions while processing speed. After controlling the processing of information
and attention spans, gross motor skills were specifically related to visuospatial working
memory and response inhibition. The results indicated that gross motor skills are re-
lated to aspects of executive functions that are more directly involved and share common
underlying processes.

In the intervention by Lin et al. [29], the results showed significant improvements in
motor skills and working memory between the pre- and post-tests.

In the study by Rudd et al. [30], both dance groups promoted the development of
inhibitory control, and the working memory capacity presented signs of improvement.
Motor competence did not improve beyond typical development. No significant differences
were found between the groups.

3.3. GQ2—What Were the Results of Intervention Programs Involving Executive Functions and
Digital Games?

The study by Mondéjar et al. [31] found a clearly prominent activity at the brain’s
prefrontal level related to executive functions. Furthermore, it was observed that the
link between cognitive abilities and certain video games mechanics is not disjointed, that
is, one mechanic develops several cognitive abilities, and each skill can be developed
by several mechanics. Thus, the authors established relationships between cognitive
skills and the mechanics involved: general cognitive activation (precise action and logical
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puzzles); executive functions (learning patterns and logic puzzles); working memory (mime
sequences, logic puzzles, and timely action); cognitive flexibility (logical puzzles and timely
action); and inhibitory control (mime sequences, precise action, and pattern learning).

The research by Sanchez-Pérez et al. [32] showed a significant improvement in cogni-
tive skills, such as non-verbal IQ and inhibition. It also demonstrated a better academic
performance in math and reading skills among children who participated in the training
compared to those who did not. Most of the improvements were related to training in
working memory tasks.

In the study by Ozgetin et al. [33], visual memory scores were slightly better in the
game group. The research by Song et al. [34] demonstrated that gaming scores were
significantly related to various cognitive control functions and differentiated between high
and low cognitive control groups.

3.4. GQ3—What Were the Results of Intervention Programs Involving Motor Development and
Digital Games?

The study by Sheehan et al. [35] demonstrated that the intervention group significantly
improved postural stability over the 6 weeks of intervention compared to the control group
from the typical physical education class. Improvements were also evidenced in the control
group of the physical education class that focused on agility, balance, and coordination.

In the research by Barnett et al. [36], significant improvements were shown over time,
but there was no significant difference between the groups. The intervention did not alter
perceived object control.

Based on the analyses by McGlashan et al. [37], children in the intervention group
significantly improved their manual dexterity scores compared to the control group.

3.5. FQ1—What Were the Tests Used to Assess Executive Functions?

Several tests can be used to assess working memory, cognitive flexibility, and inhibitory
control. According to Diamond [8], these elements are considered basic components of
executive functions.

For working memory, the study by Alesi et al. [23] used the Visual Discrimination
Test, Reaction Time Test, Forward and Backward Digit Test, and Corsi Block-Tapping Test.
Mondejar et al. [31] used a test adapted from the Trail Making Test (TMT); Egger et al. [25],
the Backward Color Recall Task; Sanchez-Pérez et al. [32] the Digit Span Task based
on the subtest of the Wechsler Intelligence Scale for Children (WISC-III) and dots task.
Ozgetin et al. [33] applied the Verbal Fluency Test (FAS Verbal Fluency), California Verbal
Learning Test-Children’s Version (CVLT-C), and Benton Visual Retention Test (BVRT);
Van Der Fels et al. [28] the Digit Span Backward of the WISC-III Digit Span task, for the
verbal working memory, and an adapted version of a Visuospatial Memory task, for
the visuospatial working memory. Lin et al. [24] used the Modified Delayed Matching
Test, which examines spatial working memory; and Rudd et al. [30] used the List Sorting
Working Memory Test.

For cognitive flexibility, the research by Mondéjar et al. [26] used the Washers Test, an
adaptation of the Tower of Hanoi (TOH). Egger et al. [20] chose the Flanker Task with a
“mixed” block; and Rudd et al. [25] applied the Dimensional Change Card Sort (DCSS) test.

For inhibitory control, the study by Mondéjar et al. [31] used the Interference Test (an
adaptation of the test of Stroop); Egger et al. [20] the Eriksen Flanker Task adapted for chil-
dren [25]; Sanchez-Pérez et al. [32] the go/no go task and the dots task. Ludyga et al. [27]
and Rudd et al. [30] used the Flanker Task; Ozcetin et al. [28] the Stop-Signal Task and
original test of Stroop. Van Der Fels et al. [28] applied a modified version of the Flanker
Task for the interference control and Stop-Signal task; and Song et al. [34] used a Korean
version of the Stroop Color-Word Test for Children and the Korean version of the Color
Trails Test (CTT).

Some research applied tests that evaluated the three basic executive functions (cogni-
tive flexibility, inhibitory control, and working memory) such as Alessi et al. [23], who used
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the Tower of London Test; Sanchez-Pérez et al. [32] used the Spanish version of the Kauf-
man Brief Intelligence Test (K-Bit); Haapala et al. [26] used the Raven’s Colored Progressive
Matrices for non-verbal reasoning; Ozgetin et al. [33] the Trail Making Tests AB (TMT AB);
and Song et al. [29] applied the Korean Wechsler Intelligence Scale for Children—Fourth
Edition (K-WISC-IV-C).

Other surveys did not clearly specify which executive components were evaluated,
such as Wunsch et al. [24], who used the Tower of Hanoi task, the Mosaic Task, a subtest of
the Wechsler Intelligence Scale, and D2-Attention Endurance Test in Three Versions.

3.6. FQ2—What Were the Tests Used to Assess Motor Development?

Regarding the studies that evaluated gross motor development, Ludyga et al. [27]
evaluated the gross motor skill by the Heidelberg Gross-Motor Test (HGMT). Two studies
used the Korperkoordinationstest fiir Kinder (KTK). Egger et al. [20] measured gross motor
coordination and Van Der Fels et al. [28] used three KTK items and one item from the
Bruininks-Oseretsky test of Motor Proficiency, 2nd Edition (BOT-2). Barnett et al. [36]
assessed object control competence through the Test of Gross Motor Development, 2nd
Edition (TGMD-2). Two studies used the second edition of the Movement Assessment
Battery for Children (MABC-2), however, Lin et al. [29] used it to evaluate gross motor
skills and McGlashan et al. [37] to evaluate fine motor skills.

The study by Alessi et al. [23] assessed motor skills through a battery consisting of
three tests: 20-m Sprint Test, Agility Test, and Standing Board Jump Test.

The research by Haalapa et al. [26] evaluated speed and agility through the 50 m
Shuttle Run test, static balance through the Modified Flamingo Balance Test, and manual
dexterity and upper limb movement speed through the Box and Block Test. Sheehan
et al. [35] also assessed balance through tests on the HUR BT4™ platform for advanced
postural stability tests.

Rudd et al. [30] assessed motor competence through the Canadian Agility and Move-
ment Skill Assessment (CAMSA). This assessment consists of 7 tasks, which must be
completed in sequence as quickly and accurately as possible.

The study by Wunsch et al. [24] evaluated anticipatory motor planning. For that,
the authors used three tests to measure the end-state comfort (ESC) effect, considering
three different tasks: bar transport task, sword rotation task, and grasp height task.

3.7. FQ3—How and What Were the Digital Games Used?

Out of the seven studies that used digital games, two used serious games (type of game
developed to behavioral or operational skills focused on teaching and learning strategy. [7]).
The research by Mondéjar et al. [31] used a serious game set focused on specific action
mechanics. These games were developed by several students of the Faculty of Computer
Science in Ciudad Real (University of Castilla-La Mancha), namely: Dreamskeeper (move
the mouse to avoid obstacles); KittenQuest (avoid obstacles in your way in a timely manner);
CrazyFarm (show visual and sound sequences that require imitation); Api’s Adventures
(platform on which a particular pattern that enemies repeat must be identified to reach
the next levels); and Kunoichi (plan a set of basic actions in terms of logical moves to exit
the gate). The study by Song et al. [34] used CoCon for mobile devices. In this game,
cognitive control skills are assessed while users play it. A total of ten games are included
assessing sustained attention, working memory, inhibitory ability and response selection,
and categorization. Tasks were sorted based on their difficulty levels.

Regarding active video games, two studies used interventions with exergames for
six weeks. The investigation by Sheehan et al. [35] used an exergame teaching station set
up on the stage of an elementary school. Participants were divided into three subgroups
that alternated to a different season each day, 4 to 5 times a week. The subgroup allowed
equal rotation between three stations: iDance™, XR Board™ /Lightspace™, and Wii Fit™
Plus. All students from the iDance™ station started at the basic levels. However, by the
third week, they were able to select their own difficulty level to match their skill level.
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Lightspace™ and XR Board™ were combined into a single season due to the difficulty of
virtual snowboarding. After two downhill races, a student would switch to Lightspace™
to give his/her legs a rest and play games that required arm activity. The investigation
by Barnett et al. [36] used Nintendo Wii® sessions one hour a week after school hours.
In this intervention, two consoles were provided, with four children allocated to each
timeslot. Children played in pairs. Two research assistants supervised each session but
were instructed not to provide skills training. Nintendo Wii® games have been specifically
chosen to represent a variety of sports that require the use of object control skills. A different
set of games was offered every fortnight, and children could choose.

The study by Ozgetin et al. [33] considered the games that participants routinely
played at home, at least 1 h a day, 5 times a week. To this end, the researchers classified the
games into five categories: online role-playing games, online first-person shooter, real-time
strategy games, action/adventure games, and survival/platform games.

The research by Sdnchez-Pérez et al. [32] used 40-min computerized training sessions
instead of a specific game. Therefore, each child started inside a spaceship, and there were
four planets/satellites in front of him/her. Each planet/satellite represented a training
task: Planet Fire represented the n-back task, Earth denoted math activities, Moon was the
working memory span task, and Planet Ice represented the task in abstract ways. The tasks
included on the Planet Fire, Moon, and Planet Ice formed the working memory training,
while activities on Earth conformed to mathematical training.

Finally, the study by McGlashan et al. [37] used a custom computerized manual
dexterity tapping interactive online game. Children could choose between two games,
Dance Mat Typing or Typing Chef. Participants were asked to play 5 times a week for about
10 min each time for 4 weeks. In the game, children pressed a series of four keys with four
different fingers from their dominant hand (index, middle, ring, and little fingers) on a
keyboard. The task was divided into two conditions, random and sequential.

3.8. SQ1—How Many and What Were the Works Applied in a School Environment?

Of the analyzed studies, seven (46%) were carried out in a school environment.
Three studies were conducted during physical education classes [27,28,35]. However,
the study by Ludyga et al. [27] also assessed after the school period, in leisure time.
Egger et al. [25] applied in the classroom and Sanchez-Pérez et al. [32] inside the computer
lab. Barnett et al. [36] conducted the study in the school environment but after school hours.
Finally, Rudd et al. [30] performed the intervention during physical education classes but
did not specify when.

Most of these studies found significant positive results between pre- and post-intervention.
These studies reinforce the importance and effectiveness of interventions with both digital
games and executive functions and motor development, considering a school environment
in an ecological approach.

3.9. SQ2—What Is the Distribution of Articles by Continent?

To identify the countries where the works were developed, the institution of origin
of the authors of each article, the place of application of the practical tests, and direct
references to the country in the text were considered.

It was possible to notice a varied distribution between different countries. Most studies
were focused on Europe. Regarding the continents, eight studies (60%) were performed
in Europe (Germany (2), Switzerland, Netherlands, Finland, Italy, and Spain (2)), three
publications (20%) were in Asia (Taiwan, South Korea, and Turkey), two publications (14%)
in Oceania (Australia (2)), and one publication (6%) in North America (Canada).

3.10. SQ3—What Are the Perceived Trends?

Figure 2 shows the frequency of publications on the subject, which began to be
explored in 2013 and had its peak of scientific production in 2019.



Educ. Sci. 2022,12, 164

13 of 17

Legend

D PubMed
- Scielo

. Science Direct
. SCOPUS

*Paper reference

2

X
e a0

2012 2013 2014 2015 2016 2017 2018 2019 2020 March 2021

0

&)
0-
2
08 - -

Figure 2. Frequency of publications and databases.

The databases with the most publications were Scopus and Science Direct, accounting
for 80% of the total, validating the effectiveness of these databases. PubMed, a reference
database in the health area, accounted only for 20% of the studies, and Scielo had no articles
identified in the process.

Trends in “terms” were identified through bibliometric mapping [38], performed on
the VOSViewer tool. Figure 3 shows the density of terms and the formation of clusters of
interest, grouped by colors according to the proximity of the terms. The identified clusters
are presented and characterized below:

e  Green: houses the term “children”, the most prominent among all clusters, therefore,
the term with the highest occurrence in all 15 articles.

Light blue: just one term, related to cognitive abilities.

Purple: term on cognition that enters the yellow group.

Yellow: cluster centered on school-aged children.

Dark blue: involves executive functions and exercise.

Red: related to cognition and technology.

inctions school children

Figure 3. Cluster density map.

Figure 4 provides an overview of the connections between terms in the same or
different clusters. The pairs and strength of connection of these relations are determined
by factors such as the occurrence of terms in all imported articles and the number of
articles with the same database source or authorship [39]. This model represents the
overlapping of chronological incidence of terms on the cluster map. The most recent term
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detected by the tool was “cognitive functions”, which, within the same cluster, is related to
cardiorespiratory and motor exercises and obesity.

acute exercise

cognitivekgbilities
]

an cognitive functions school children eXECUti\(_ﬁl’inCtiOnS
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Figure 4. Overview of the relationship among terms.

In addition, the global view shows the composition of the terms used in the research.
Children and executive functions are somehow related to most terms. However, exercises
and technology showed no links.

From the analysis of the resulting studies, no studies with a direct relationship among
the three themes focused on this research were found. Although the research string was
divided to broaden the results, a significant number of articles were not found. It was
possible to notice that the continent with the highest number of studies was Europe,
demonstrating a research gap in other continents.

Studies involving executive functions and motor development have mostly been
shown to be effective. The same occurred with those studies involving executive functions
and digital games, and motor development and digital games. Moreover, it is possi-
ble to affirm that the executive functions and motor skills are stimulated by common
underlying processes [9,10], and studies pointed out that digital games can aid in the
stimulation processes. It led us to reflect on the studies in the sense of integrating the
three themes. Executive functions and motor development interventions could have digital
games as cognitive involvement. In interventions of executive functions and digital games,
games mechanics [31] also apply to the real world, to psychomotor games, for instance.
Mondejar et al. [31] used games that also demanded motor coordination. Motor develop-
ment and digital games interventions assessed elements such as coordination and balance,
which were also evaluated in studies involving executive functions [23-25] and presented
positive results.

In relation to the research profile, the average age of the surveyed children was 9 years
old, demonstrating that most interventions were applied to children in the final grades of
elementary school. Wunsch et al. [24] and Barnett et al. [36] documented that the older the
children were, the more they presented significant results. The age group could be one of
the explanations for 87% of the articles demonstrating significant positive results in the
experimental groups.

Regarding the duration of the interventions, the shortest one lasted one session, which,
according to Egger et al. [25], may not be effective. However, Wunsch et al. [24] and
Mondejar [31], who also used only one session, found positive results. Only two studies
were longitudinal [26,32], so it was not possible to measure the long-term effectiveness of
the interventions. In this way, the type and duration of the intervention added to the age
of the children and the combined use of the stimulation of executive functions and motor
development, associated with digital games, seems to constitute an emerging research topic.
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4. Conclusions

This work identified the current state of research involving interventions related to
executive functions, motor development, and digital games for children. The systematic
mapping made it possible to identify and analyze the articles selected in this study.

The study identified a growing interest in the topic. Still, the studies are heterogeneous
in relation to the duration of interventions, analyzed executive functions and motor skills,
applied tests, and games.

Based on the results, most studies showed significant positive effects regarding the
interventions. Some point out that physically active children demonstrated better executive
functioning when compared to sedentary children.

Furthermore, activities involving some type of motor skills were more related to
some executive functions. In particular, this element is noticed when they share common
underlying processes, such as coordination activities, which are more related to working
memory and inhibitory control.

Regarding executive functions and digital games, serious games and commercial video
games seem to stimulate cognitive processes. Research also shows that programs involving
video games that stimulate executive functions improved school performance.

Less than half of the studies (46%) performed their interventions in a school environment.

Considering the research field of this work, it is considered to have the following
strengths demonstrating the research gaps: (1) initial evidence that studies in this research
field using executive functions, motor development, and digital games aimed at children
with applications in ecological environments, specifically in the school context, is still
incipient, and (2) there is also no research that takes into account executive functions,
motor development, and digital games simultaneously. Finally, this investigation identified
a gap in the area of neurocognitive, motor, and digital games that stimulate executive
functions and motor development in children in the school context. As future work, these
criteria should be combined in a school neuropsychological and motor intervention using
digital games, which should be carried out to discover their effects and effectiveness in this
target group. For this, new studies should be performed, including other databases in the
research process.

Finally, despite attempts to mitigate risks, certain choices may have affected the
outcome of this systematic mapping. The choice of databases is a risk factor. To cover
more results, four databases were selected. However, the results showed that certain
databases were ineffective, such as Scielo. The study did not include the database Web of
Science. The generalization of the terms used in the research process (related to executive
functions, children, and video game), inclusion and exclusion criteria, in addition to the
authors’ assessment of the relevance, also delimited the results, possibly excluding relevant
articles. We sought to minimize these risks by following the methodology of Keshav [22]
and Petersen et al. [21].
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