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Abstract: Studies show that executive functions and motor development are associated among
each other and with learning ability. A more technological lifestyle, related with digital culture,
should be considered an important component to stimulate children. In addition, digital games
constitute an element of the digital culture in which children are inserted. The aim of this study is
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 searched: PubMed, Scielo, Science Direct
and SCOPUS, including publications between 2012 and March 2021. The initial results indicated
4881 works. After the selection process, 15 investigations that presented the central theme of the
study were selected. The main results indicate that intervention strategies are quite
heterogeneous. Most of the studies demonstrated significant positive effects after intervention
protocols and were conducted in Europe and 46% of the studies were conducted in a school
environment. No researches were identified that involved technological solutions involving
executive functions, motor development and digital games in an integrated manner, constituting

a field of future scientific research.
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1. Introduction

Many studies have investigated the association between motor and
cognitive development, especially executive functions [1]. The develop-
ment of motor skills enables children to perform goal-oriented move-
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ments and behaviors [2]. Motor skills require the involvement of cogni-
tive operations such as perception, sequencing and monitoring [3]. Execu-
tive functions, in turn, control and regulate behavior in order to achieve
specific goals. They are essential for the child to have more autonomy,
emotional independence and action planning [4].

Executive functions are divided into several components. According
to Diamond [5] the basic ones are: working memory, cognitive flexibility
and inhibitory control. Components of a higher order stem from those:
working memory (decision making, problem solving, selective attention,
perceptual speed, anticipation and prediction); cognitive flexibility (plan-
ning and sequencing, spatial orientation, capacity for abstraction, prob-
lems and decomposition) and inhibitory control (selective attention, sus-
tained attention, capacity to inhibit, resistance to interference and classify-
ing).

The relationship between motor skills and executive functions is often
explained by overlapping in brain areas important to both. Neural net-
works, including the frontal, parietal and motor cortex, are not only in-
volved in underlying executive functions, but are also in motor tasks. In
addition, the cerebellum and basal ganglia, crucial for motor skills, are al-
so involved in executive functions [6].

At the behavioral level, the connection between motor skills and cog-
nitive functions is explained by the involvement of executive functions in
motor tasks [7]. Complex physical activities and sports that improve mo-
tor skills require focused attention, inhibitory control, and complex se-
quence memory. Consecutively, the development of executive functions
is stimulated [8].

A child with proper motor development and cognitive tends to be-
come a young and adult who learns better and has a better quality of life.
This means that, by conquering good motor control and executive func-
tions development, the child will be building the basics for their intellec-
tual development, preventing them from having an impairment of motor
and cognitive abilities. The stimulation of motor and cognitive develop-
ment involves biological and maturational factors. This process varies ac-
cording to the speed of progression among children, even though the mo-
tor development sequence is the same for everyone. A more technological
lifestyle, associated with digital culture, should be considered a viable al-
ternative to stimulate development in children development. Indeed,
technology in contemporary society is a reference in the dimension of lei-
sure, work and knowledge [9]. 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
the digital culture in which children are inserted.

The use of digital games allows for cognitive stimulation in a playful
and natural context for children, considering an ecological approach. This
considers the daily tasks that the individual practices or the context and
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environment in which they are inserted. In this context, there is a tenden-
cy to integrate ecological theories into several applications in neuropsy-
chological science [10] and evaluation of motor development in children
[11]. In the area of motor development, it is possible to combine bodily ac-
tivities with activities from digital games. In this context, there is a cogni-
tive theory in which the intellectual understanding of concepts is rein-
forced by bodily interactions with the physical world. This theory sug-
gests 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 con-
trolled body movements [12].

Studies have strived to understand and propose interventions that as-
sess and/or promote motor and executive development [13]. Still, research
involves interventions for the stimulation of executive functions mediated
by technologies [14]. These interventions can take place in different con-
texts and involve different methodologies. Nevertheless, the school con-
text is configured as an important environment, as it is part of the child’s
daily life, allowing interventions in an ecological approach. This ap-
proach assesses the child in a more global and natural way, considering
their time and space and not just within specific conditions [15].

Considering the presented context, this paper investigates recent
studies related to executive function and motor development through
digital games. The study has two main proposes: 1) to evaluate the meth-
odologies employed and, 2) to verify their strategies to conduct the inter-
vention program considering school interventions. This research presents
the results of a systematic literature mapping that analyzes studies in-
volving 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: section Method demonstrates the
methodology used and state the questions pertinent to the systematic
mapping of literature proposed here. Section Results and Discussion pre-
sents the results of the search in the databases, the findings on issues pre-
viously raised. Finally, section Conclusion addresses the main findings of
the study.

2. Methods

This study is based on the methodological process for systematic
mapping proposed by Peterson et al. [16], consisting of four distinct steps:
1) Definition of research questions; 2) Delimitation of the search process;
3) Definition of criteria for filtering results and 4) Classification of results
for further analysis.

2.1 Research Questions


https://doi.org/10.20944/preprints202110.0456.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 October 2021 d0i:10.20944/preprints202110.0456.v1

The research process was based on three groups of questions: General
Questions (GQ), Focal Questions (FQ), and Statistical Questions (SQ),
which were categorized as per Table 1.

Table 1. Research questions.
ID Questions

GQ1  Which strategies were used to conduct the intervention program?

What were the results of intervention programs that involved executive functions and

CQ2 motor development?

GO3 What were the results of the intervention programs that involved executive functions
and digital games?

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

FQ1 Which tests were used to assess executive functions?

FQ2 Which tests were used to assess motor development?

FQ3 How and which digital games were used? Statistical questions

SQ1 How many and which tasks involved application in a school environment?
5Q2 What is the distribution of articles by continent?
SQ3 What are the perceived trends?

2.2 Search Process

The process used to define the search strings was based on the use of
specific keywords. As no studies were found involving the terms: execu-
tive functions, motor development and digital games, it was necessary to
expand and segment the search in groups: executive functions and motor
development, executive functions and digital games and motor develop-
ment and digital games. This process originated the following search
strings:

- ("executive function” OR "cognition”) AND ("motor development” OR
"motor skill”) AND ("children” OR "childhood”)

- ("executive function” OR "cognition”) AND ("video game” OR "digital
game” OR "digital technology” OR "software” OR "mobile device” OR "com-
puter”) AND (”children” OR "childhood”)

- ("motor development” OR "motor skill”) AND ("video game” OR "digital
game” OR "digital technology” OR "software” OR "mobile device”) AND
(“children” OR "childhood”).

The search strings were applied to 4 databases: PubMed?, Scielo?, Sci-
ence Direct® e SCOPUS* and included researches published between 2012
and 2021. Among those, PubMed is known for a being a literature data-
base in the health area. The other databases were inserted in the search as

! https://pubmed.ncbi.nlm.nih.gov/
2 https://scielo.org/

3 https://www.sciencedirect.com/

4 https://www.scopus.com/home.uri
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they encompass a wide variety of periodicals in other areas. Mapped arti-
cles were stored using the tool Rayyan®. Subsequently, they were export-
ed for bibliometric analysis at VOSViwer®.

2.3 Filter of Results and Data Extraction

The following Inclusion Criteria (IC) were defined to filter the search
results:

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

(IC2) — Publications in conferences, journal or workshop;

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

(IC4) — Publication which involve children in typical development
from Elementary School, from 6 to 11 years old.

Besides, 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 search process. The adopted search process
utilized the defined string on the databases publications for title, abstract,
and keywords. Consequently, singular and plural of the keywords were
used in the search string for each database, producing the initial results.
Afterwards, filters EC1, EC2 and EC3 were applied. Subsequently,
Keshav’s [17] three-step technique was adopted: 1) reading the title, ab-
stract and introduction, going through titles of sections and subsections,
mathematical elements (if any) and conclusions. During this first step, the
other exclusion criteria (EC3, EC4, and EC5) were added, since they were
adherent to this part of the process, given the reading of all sections and
subsections of the works. After the first step the other two were carried
out: 2) analysis of figures, diagrams or illustrations; and 3) the reading o
The initial databases search found a total of 44010 publications. From
these, pre-selection included 52 publications for being in the thematic ar-
ea, among which the final selection encompassed fifteen.

5 https://www.rayyan.ai/

6 https://www.vosviewer.com/
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Table 2 presents the articles organized by authors and year of publi-
cation, title, sample (N), age, database, H-index, country, research dura-
tion and research focus. The results for each research question are pre-

sented below.

Table 2. List of mapped articles.

A(l;g;:s Title N Age Database H-index Country  Duration Research
Alesi et al., Motor and cognitive 9 years
(2014) [18] development: The r%)le of karate };Id PubMed 32 ltaly 2weeks  FE+DM
No interrelation of motor
‘Négi(g; [itg?l" planning and executive functions 217 3-1(2)1}7;ars SCOPUS 95 Germany 1session FE+DM
across young ages
The effect of acute cognitively
Eggeretal., engaging physical activity breaks 7-9 years Science Switzerlan .
(§§18) [20] ongd:gildfei'syexecutive flt.l};lCtiOI‘lSZ 216 O}{d direct 93 d Isession  FE+DM
Too much of a good thing?
Haapala et al, Longitudinal associations of 6-9 years
(2019) [21] fitness, motor competence, and 371 od SCOPUS 216 Finland 2 years FE+DM
adiposity with cognition
A Randomized Controlled Trial
Ludyga et al. on the Effects of Aerobic and 9-10 years
" Coordinative Training on Neural 45 PubMed 99 Germany 10 weeks FE+DM
(2019) [22] iy : old
Correlates of Inhibitory Control in
Children
Relations between gross motor ski
Van Der Fels Ils and e>.<ecutive functions, The
etal, @o19) controlling for the role of 732 S 10YeS 5oopys 300 Netherlan 2 weeks  FE+DM
23] mformatlon.pro.cessmg and lapses old ds
of attention in 8-10 year old
children
Up-regulation of proactive control
Linetal, is associate.d with beneﬁcial' 7-10 years  Science .
(2021) [24] effects of a childhood gymnastics 48 old direct 122 Taiwan 8 weeks  FE+DM

program on response preparation
and working memory
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Comparing the efficacy (RCT) of
learning a dance choreography

Rudd et al. and practicing creative danceon 62 6-7 years SC{ence 97 Australia 8 weeks FE+DM
(2021) [25] . . . . old Direct
improving executive functions
and motor competence in 6-7
years old children
Correlation between videogame
S -12
Mondéjar et mechanics and executive 12 812 years PubMed 91 Spain 1session  FE+]D
al., (2016) [26] . . old
functions through EEG analysis.
Computer-based training in math
Sanchez-Pérez  and working memory improves 710 vears
et al., (2018) cognitive skills and academic 104 oly d SCOPUS 95 Spain 13 weeks  FE+]D
[27] achievement in primary school
children: Behavioral results
- . The relationships between video
Ozgetin et al., . o\ 10-16 1
Zeetmn e a game experience and cognitive 52 SCOPUS 62 Turkey y.ear FE+]D
(2019) [28] e years old (min.)
abilities in adolescents
Validation of a mobile game-
Song et al., based assessment of cognitive 9-16 years South .
1 P FE+]D
(2020) [29] control among children and 00 old SCOPUS 300 Korea Not given gl
Adolescents
Sheeran et al, T?feiff:rctfisn()f :u(li’:iz]l’hfr-:’ (fflk 64 47 grade Science 30 Canada 8 weeks  DM+]D
(2013) [30] gaming students  direct

balance in fourth grade children
Playing Active Video Games may

B tt et al.,
arnetteta not develop movement skills: An 95

4-8 years Science 24 Australia 6 weeks DM+]D

(2015) [31] . . . old direct
intervention trial
McGlashanN  Improvement in children’s fine . .
etal, (2017) motor skills following a pg S10years  Science 86 United = eeks  DM4JD
. L. . old direct Kingdom
[32] computerized typing intervention

During the analysis, special attention was given to mapping possible
relationships between articles involving executive functions, motor de-
velopment and digital games, since the search string was fragmented.

3.1 GQ1 - Which strategies were 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 groups and control, if applicable, were identi-
fied.

One study (6%) used a non-randomized controlled design[24], and
three (20%) used a randomized controlled design [22, 23, 25]. Three (20%)
were experimental [18, 19, 20]; two longitudinal (14%) [21, 27], one (6%)
performed the cross-sectional design [27] and five (33%) studies did not
disclose which design was used [26, 30, 31, 32].

3.1.1 Executive functions and motor development
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The study by Alesi et al. [18] compared motor skills (sprint, coordina-
tion and explosive leg strength) and basic executive functions in children.
Participants were divided into two groups, a karate practitioners group
and a sedentary group. 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 func-
tioning in children, the research by Wunsch et al. [19] evaluated partici-
pants who were tested using three motor tasks and three cognitive tasks.
Children were separated into 1-year age groups. Participants were indi-
vidually tested by the examiner. The session lasted on average between
90 and 100 minutes.

Also considering the coordination and aerobic capacity, the study by
Egger et al. [20] compared the separate and/or combined acute effects of
physical exertion and cognitive involvement induced by physical activity
in the classroom, in children's executive functions. The study was con-
ducted 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 phys-
ical effort) and control group (low cognitive involvement and low physi-
cal effort). Executive functions were measured before and immediately af-
ter a 20-minute intervention. To test the successful manipulation of cogni-
tive 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 inde-
pendently 2-4 weeks after the intervention.

The research by Haapala et al. [21] investigated the longitudinal asso-
ciations of cardiorespiratory fitness, motor competence and body fat per-
centage with cognition in children. 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. [22] compared
the effects of aerobic and coordinative training on behavioral and neuro-
physiological measures considering inhibitory control. This study was
conducted through 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 period, outcome evaluators were blinded to
the group allocation of participants. In the intervention period, the num-
ber of physical education classes was identical between groups (3 x 45
min per week). In addition, both intervention groups completed a train-
ing program. The program consisted of three 45-minute sessions per
week, during leisure time (after school). An instructor with experience in
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aerobics and coordination training with children supervised these ses-
sions.

In the research by Van Der Fels et al. [23], the link between gross mo-
tor skills and aspects of executive functioning was investigated. Further-
more, the role of information processing and attention lapses in the rela-
tionship 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 circuit form. Executive functioning tasks
were evaluated in a quiet room at the children's school. Children were
individually tested by trained examiners. The tests were evaluated in two
parts over two days.

The study by Lin et al. [24] focused on the effect of an 8-week physi-
cal activity program. Gymnastics activities were carried out. The activities
were based on motor skills and variation in event-related brain potentials
during a working memory task. The gymnastics group engaged in a
gymnastics program. Children in the control group were asked to main-
tain their typical routine during the intervention period. The performance
of working memory and motor skills were assessed by using specific
tests.

In the research by Rudd et al. [25] the effect of two dance curricula on
the executive functions and motor competence of elementary school chil-
dren was examined. One was a dance curriculum that emphasized crea-
tivity and the other was based on choreographed dance with a high level
of cognitive demand. The intervention lasted for an 8-week period, 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

In the studies by Mondéjar et al. [26], the activities of the brain's
frontal lobe were analyzed. Analyzes took place during a psychological
assessment and while the participants were playing. The experiment was
divided into two stages, which were based on psychological assessments
and videogame-based assessments. The analysis was performed by col-
lecting brain signals during the two stages of the experiment. Signals
were analyzed with a neuroheadset electroencephalogram.

Considering also school performance, the study by Sanchez-Pérez et
al. [27] examined the effectiveness of computer-based school training. The
training consisted of two components, 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 the end of the
training period, children in both groups were reassessed. To assess the ef-
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fects of training, executive functions, IQ, grades, and math and reading
skills were measured. For this purpose, standardized tests, math and lan-
guage scores were used.

The research by Ozcetin et al. [28] evaluated the effect of commercial
video games on the executive functions of children and adolescents. Vol-
unteer participants were chosen after an IQ test and an initial interview.
Those chosen regularly played video games for at least 1 hour a day, 5
days a week, for at least a year. The players had their executive functions
evaluated through neuropsychological tests. Other data such as de-
mographics, medical and video game types were collected through ques-
tionnaires.

The study by Song et al. [29] assessed cognitive control through a cell
phone game and compared it with traditional neuropsychological test re-
sults. The analyzes observed relationships between 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. [30] 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 im-
plemented over 6 weeks, 34 minutes a day, 4-5 days a week. Three groups
were observed, one intervention and two control groups (1- physical edu-
cation focused on agility, balance and improvement of coordination, 2 —
typical curricular class of Physical Education). The assessments were car-
ried out through a platform for balance tests.

Another study also used exergames. However, Barnett et al. * inves-
tigated the impact of active video games on children's real and perceived
object control skills. Children in the intervention group played the exer-
game 6 hours a week for 6 weeks after school hours. Assessments were
carried out for the object control competence and a valid pictorial instru-
ment for the perceived object control competence.

Finally, the research by McGlashan et al. [32] 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 a period of 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

In regards to the executive functions of the twelve studies, eight ana-
lyzed them in general [18, 20, 21, 25, 26, 27, 28, 29], one study analyzed
only the inhibitory control [22], another considered only the working
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memory [24], one the inhibitory control and working memory [23] and
one did not specify [19].

Out of the eleven studies on motor development, two considered
gross motor skills in general [23, 24,]; an object control ability [31]; a man-
ual dexterity *; three considered the coordination [18, 20, 22] ; one the
balance ¥; one the motor planning [19]; and two observed motor compe-
tence [21, 25].

The average time of application of interventions was 3.5 months. The
shortest applications 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,
as it has a longitudinal design, had tests performed over the 2 years of in-
tervention [21].

Three studies (20%) recorded electroencephalographic (EEG) activity
[22, 24, 26].

Six studies (40%) used an intervention group and a control group [18,
21, 24, 27, 31, 32]; one study (6%) used two intervention groups [25]; one
study (6%) used two intervention groups and a control group [22]; one
study (6%) used three intervention groups and a control group [20]; 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 [30].

3.2 GQ2 - What were the results of intervention programs that involve executive
functions and motor development?

Eight studies presented results related to executive functions and mo-
tor development. In the research by Alesi et al. [18], there were significant
differences between children who practice karate and sedentary children.
The karate practitioners had better speed times, explosive leg strength
and coordination skills. Furthermore, they scored better on working
memory and selective visual attention.

In Wunsch et al. [19], 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 to control for
age.

In the study by Egger et al. [20], the results demonstrated a significant
negative effect for cognitive involvement in the executive function of
cognitive flexibility. No effects were found on working memory or inhibi-
tory control. No significant effects were found for physical effort or the
interaction of physical effort and cognitive involvement. Thus, the results
indicated that an acute session of cognitive involvement in physical activ-
ity in the classroom could deteriorate children's cognitive performance.

The results of Haapala et al. [21] demonstrated that higher motor
competence at baseline predicts better cognition during the first 2 years of
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schooling in boys, but not in girls. Furthermore, cardiorespiratory fitness
and adiposity were not associated with cognition in either sex.

In the research by Ludyga et al. [22], no significant differences were
found. However, the results indicate that such training programs have no
negative influence on the inhibitory aspect of executive functions. And
aerobic and coordination training led to an improvement in cardiovascu-
lar fitness.

In the findings of Van Der Fels et al. [23], lapses of attention were re-
lated to all executive functions, while processing speed. After controlling
for information processing and attention spans, gross motor skills were
specifically related to visuospatial working memory and response inhibi-
tion. The results indicated that gross motor skills are related to aspects of
executive functions that are more directly involved and share common
underlying processes.

In the intervention of Lin et al. [24], the results showed significant
improvements in motor skills and working memory between the pre and
post-tests.

In the study by Rudd et al. [25] both dance groups promoted the de-
velopment of inhibitory control and the working memory capacity pre-
sented signs of improvement. Motor competence did not improve beyond
typical development. No significant differences were found between the
groups either.

3.3 GQ2 What were the results of intervention programs involving executive
functions and digital games?

The study by Mondéjar et al. [26] found a clearly prominent activity
at the prefrontal level of the brain that is related to executive functions.
Furthermore, it was observed that the link between cognitive abilities and
certain video game mechanics is not disjointed, that is, one mechanic de-
velops several cognitive abilities, and each skill can be developed by sev-
eral mechanics. Thus, the authors established relationships between cog-
nitive skills and the mechanics involved: general cognitive activation
(precise action and logical 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. [27], showed a significant im-
provement in cognitive skills, such as non-verbal IQ and inhibition. It also
demonstrated better academic performance in math and reading 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 studies by Ozgetin et al. [28], visual memory scores were slight-
ly better in the game group. The study by Song et al. [29] demonstrated
that gambling scores were significantly related to various cognitive con-
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trol 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. [30] demonstrated that the intervention
group significantly improved postural stability over the 6 weeks com-
pared to the control group in the typical Physical Education class. Im-
provements were also evidenced in the control group of the Physical Ed-
ucation class focused on agility, balance and coordination.

In the research by Barnett et al. [31] significant improvements were
shown over time, but there was no significant difference in between the
groups. The intervention did not alter perceived object control.

Based on the analyzes by McGlashan et al. [32], children in the inter-
vention group significantly improved their manual dexterity scores com-
pared to the control group.

3.5 FQ1 — Which tests were used to assess executive functions?

Several tests can be used that assess working memory, cognitive flex-
ibility and inhibitory control. According to Diamond [5], these elements
are considered basic components of Executive Functions.

For working memory, the study by Alesi et al. [18] used Visual Dis-
crimination Test, Reaction Time Test, Forward and Backward Digit Test
and Corsi Block-Tapping Test. Mondejar et al. [26] used a test adapted
from the Trail Making Test (TMT); Egger et al. [20] the Backward Color
Recall Task; Sanchez-Pérez et al. [27] the Digit range task, based on the
subtest of the Wechsler Intelligence Scale for Children (WISC-III) and
points task. Ozgetin et al. [28] applied the Verbal Fluency Test (FAS Ver-
bal Fluency), California Verbal Learning Test-Children's Version (CVLT-
C) and Benton Visual Retention Test (BVRT); Van Der Fels et al. [23] the
Digit Span Backward of the WISC-III Digit Span task, for the verbal work-
ing memory and, an adapted version of a Visuospatial Memory task, for
the visuospatial working memory. Lin et al. [24] used the Modified De-
layed Matching Test, which examines spatial working memory and Rudd
et al. (2021) used list sorting working memory.

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. [26] used the In-
terference Test (an adaptation of the Stroop test); Egger et al. [20] the
Eriksen Flanker Task adapted for children [20]; SAnchez-Pérez et al. [27]
the go/no go task and the points task. Ludyga et al. [22] and Rudd et al.
[25] used the Flanker Task; Ozcetin et al. [28] the Stop Signal Task and
original Stroop test. Van Der Fels et al. [23] applied a modified version of
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the Flanker Task, for the interference control and Stop Signal task and
Song et al. [29] used a Korean Version of the Stroop Color-Word Test for
Children and the Korean Version of the Color Trails Test (CTT).

Some researches applied tests that evaluated the three basic execu-
tive functions (cognitive flexibility, inhibitory control and working
memory), such as Alessi et al. [18] who used the Tower of London;
Sanchez-Pérez et al. [27] the Spanish version of the Kaufman Brief Intelli-
gence Test (K-Bit); Haapala et al. [21] used the Raven's Colored Progres-
sive Matrices for non-verbal reasoning; Ozcetin et al. [28] the Trail Mak-
ing Tests AB (TMT AB) and Song et al. [29] applied the Wechsler Scale of
Korean Intelligence for Children - Fourth Edition (K-WISC-IV-C).

Other surveys did not clearly specify which executive components
were evaluated, such as Wunsch et al. [19] who used the Tower of Hanoi
task; the Mosaic Task, a subtest of the Wechsler Intelligence Scale and D2-
Attention Resistance Test in Three Versions.

3.6 FQ2 — Which tests were used to assess motor development?

With regard to studies that evaluated gross motor development,
Ludyga et al. [22] evaluated gross motor skill through the Heidelberg
Gross-Motor Test (HGMT). Two studies used the Korper Koordina-
tionstest fiir Kinder (KTK). Egger et al. [20] measured gross motor coor-
dination and Van Der Fels et al. [23] used three KTK items and one item
from the Bruininks-Oseretsky Motor Proficiency Test, 2" Edition (BOT-2).
Barnett et al. [31] assessed object control competence through the Gross
Motor Development Test, 2n Edition (TGMD-2). Two studies used the
second edition of the Movement Assessment Battery for Children
(MABC-2), however, Lin et al. [24] used it to evaluate gross motor skill
and McGlashan et al. [32] to evaluate fine motor skill.

The study by Alessi et al. [18] assessed motor skills through a battery
consisting of three tests: 20-meter Sprint Test, Agility and Standing board
jump Test.

The research by Haalapa et al. [21] evaluated speed and agility
through the 50m Suttle Run test, static balance through the Modified
Flamingo Balance Test, and manual dexterity and movement speed of the
upper limbs through the Box and Block Test. Sheehan et al. [30] also as-
sessed balance through tests on the HUR BT4™ platform, for advanced
postural stability tests.

Rudd et al. [25] assessed motor competence through the Canadian
Agility and Movement Skill Assessment (CAMSA). This assessment con-
sists of 7 tasks, which must be completed in sequence as quickly and ac-
curately as possible.

In the study by Wunsch et al. [19] the anticipatory motor planning
was evaluated. For that, a number of tests were used to measure the end-
state comfort effect (ESC), considering three different tasks: bar transport
task; sword rotation task and height grab task.
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3.7 FQ3 - How and which digital games were used?

Out of the seven studies that used digital games, two used serious
games’. The research by Mondéjar et al. [26] used a serious game set fo-
cused on specific action mechanics. These games were developed by sev-
eral students of the Faculty of Computer Science of Ciudad Real (Univer-
sity 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 need to be
imitated); Api's Adventures (platform on which the 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. [29] used CoCon, for mobile device. In this
game, cognitive control skills are assessed simultaneously while users are
playing. A total of ten games are included that assess sustained attention,
working memory, inhibitory ability and response selection, and categori-
zation. Tasks were sorted based on their difficulty levels.

Regarding Active Videogames, two used intervention with exer-
games for six weeks. The investigation by Sheehan et al. [30] used an ex-
ergame teaching station, set up on the stage of an elementary school. Re-
spondents were divided into three subgroups that alternated to a differ-
ent season each day, 4 to 5 times a week. The subgroup allowed equal ro-
tation 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 dif-
ficulty level to match their skill level. Lightspace ™ and XR Board ™ were
combined into a single season due to the difficulty of virtual snowboard-
ing. After two downbhill races, a student switched to Lightspace ™ to give
their legs a rest and play games that require arm activity. The investiga-
tion by Barnett et al. [31] 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 re-
search assistants supervised each session but were instructed not to pro-
vide 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. [28] considered the games that respond-
ents routinely played at home, at least 1 hour a day, 5 times a week. To
this end, the researchers classified the games into five game categories:
online role-playing games; online first-person shooter; real-time strategy
games; action/adventure games and survival/platform games.

7 Type of game focused on teaching specific content or for the development of behavioral or operational

skills (CHASRKY, 2010).
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The research by Sanchez-Pérez et al. [27] used 40-minute computer-
ized training sessions instead of a specific game. Therefore, each child
started inside a spaceship and there were four planets/satellites in front of
them. Each planet/satellite represented a training task: Planet Fire repre-
sented the n-back task, Earth denoted math activities, Moon was the
working memory range task, and Planet Ice represented the task in ab-
stract ways. The tasks included in Planet Fire, Moon and Planet Ice
formed working memory training, while activities on Earth conformed to
mathematical training.

Finally, the study by McGlashan et al. [32] used a personalized com-
puterized manual dexterity touch interactive online game. Children could
choose between two games, Dace Mat Typing or Typing Chef. Partici-
pants were asked to play 5 times a week for about 10 minutes 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, ran-
dom and sequential.

3.8 SQ1 - How many and which works were applied in a school environment?

Of the analyzed studies, seven (46%) were carried out in a school en-
vironment. Three studies were conducted during physical education clas-
ses [22, 23, 30]. However, the study by Ludyga et al. [22] also considered
after school, in leisure time. Egger et al. * applied in the classroom and
Sanchez-Pérez et al. [27] inside the computer lab. Barnett et al. [31] con-
ducted the study in the school environment, but after school hours. And
Rudd et al. [25] conducted the intervention during physical education
classes but did not specify at what times.

3.9 5Q2 - What is the distribution of articles by continent?

To identify the countries where the works were developed, the insti-
tution of origin of the authors of the article, the place of application of the
practical tests and direct references to the country in the text were consid-
ered.

It was possible to notice a varied distribution between different coun-
tries. Therefore, Figure 2 shows the distribution grouped by continents:
nine publications were in Europe (Germany (2), Switzerland, Nether-
lands, Finland, Germany, Italy and Spain (2)), three publications were in
Asia (Taiwan, South Korea and Turkey), two publications in Oceania
(Australia (2)) and one publication in North America (Canada).
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Figure 2: Participation of continents in the publications.

3.10 SQ3 — What are the perceived trends?

Figure 3 shows the frequency of publications on the subject, which

began to be explored in 2013 and had its peak of scientific production in
2019.
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Figure 3. Frequency of publications and databases

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

Trends in “terms” were identified through bibliometric mapping [33],
performed with the VOSviewer tool. Figure 4 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: It houses the term “children”, the most prominent
among all clusters, therefore, the term with the highest occur-
rence in all 15 articles.

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

e Purple: term on cognition that enters the yellow group.

e Yellow: Cluster centered on school-age children.

e Dark blue: involves executive functions and exercise.

e Red: Related to cognition and technology.

nctions school children

Figure 4: Cluster Density Map.

Figure 5 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 occurrence of terms in
all imported documents, and number of documents with the same data-
base source or authorship [34]. This model represents the overlapping of
chronological incidence of terms on the cluster map. The most recent term
detected by the tool was “cognitive functions”, which within the same
cluster is related to cardiorespiratory and motor exercises and obesity.

In addition, the global view shows the composition of the terms used
in the search. Children and executive functions are somehow related to
most terms. However, exercises and technology showed no links.
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Figure 5 - Overview of the relationship among terms.

4. Conclusions

This work identified the current scenario in research involving inter-
ventions 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 selected articles refer
mainly to interventions related to executive functions and motor devel-
opment (54%).

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

On the results, most studies showed significant positive effects with
regard to interventions. Some point out that physically active children
demonstrate better executive functioning when compared to sedentary
children.

Furthermore, activities that involve some types of motor skills are
more related to some executive functions. In particular, this element is no-
ticed when they share common underlying processes, such as coordina-
tion activities, which are more related to working memory and inhibitory
control.

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

In reference to the school environment, less than half of the studies
(46%) developed their interventions in this context. Most of these studies
found significantly 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. Since these
interventions impact the development of children, their academic life and
cognitive skills [4].
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Considering the research field of this work, it is considered to have
the following strengths: 1) initial evidence that works in the field of re-
search using executive functions, motor development and digital games
aimed at children with applications in ecological environments, specifi-
cally in the school context, are still incipient; and 2) there is also no re-
search that takes into account executive functions, motor development
and digital games simultaneously. Finally, this investigation identified a
gap in the area neurocognitive, motor and digital games area to stimulate
executive functions and motor development on children in the school
context. As future work, these criteria should be united in a school neu-
ropsychological and motor intervention using digital games, which
should be carried out to discover their effects and effectiveness in this
target group.

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. How-
ever, the results showed that certain databases were ineffective, such as
Scielo. The search process, inclusion and exclusion criteria, in addition to
the authors' own assessment of relevance also delimited the results, pos-
sibly excluding relevant articles. We sought to minimize these risks fol-
lowing the methodology of Keshav [17] and Petersen et al. [16].
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