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Abstract

Introduction. The current study was conducted to evaluate the effects of the Minds-in-Motion Maze program on motor and
cognitive abilities in school-aged children.

Methods. The experimental design used was a randomised controlled trial. Participants, belonging to a public primary school,
were 100 young children (50% boys) ranging from 6.00 to 8.50 years old (7.32 + 0.82 years in average). They were randomly
assigned to experimental and control groups (50 subjects/each), and two dropped out from each group. While the control group
received unstructured physical activity, the children in the experimental group engaged in the Minds-in-Motion Maze vestibular
stimulation program (24 weeks of a 30-minute structured PA on a daily basis). A pre- and post-test were conducted to evaluate
the performance in motor skills and cognitive ability using the Bruininks-Oseretsky Test of Motor ProficiencyTM Second Edition,
complete form and Wechsler Intelligence Scale for Children, Fourth Edition.

Results. The analysed data indicated that engaging in Minds-in-Motion Maze activities positively influenced the motor and
cognitive abilities among the children. The between-group analysis exhibited strong significant improvement in the experimen-
tal group compared to the control group (p < 0.05), which did not show significant development. Boys outperformed girls on
most tests, notably as age increased. The within-groups analysis (experimental group) demonstrated significant differences in
the post-intervention gains of all motor and cognitive parameters (p < 0.05).

Conclusions. Taken together, the current results reinforce causal evidence for the effects of Minds-in-Motion Maze based
physical activity on improving both motor skills and cognitive aptitude in school-aged children.
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Introduction

Childhood is a critical stage for human development, which
could change the long-term course of life to a significant
degree. It contributes to the development of many aspects
of healthy behaviours that are necessary for building physi-
cal, cognitive and socio-emotional contexts [1].

In recent years, unfortunately, there has been a shift in
the lifestyles of children, especially in their late childhood. Un-
like children of previous decades, children today live in a world
of digital technology, which has become an integral part of
our daily life. However, little is known about its implications
for children from different backgrounds. Indeed, competing
time demands in the curriculum have also left physical activity
(PA) as a low priority among schools. Collectively, they are
leading increasingly sedentary lifestyles/behaviours that in-
volve spending more time indoors engaged in screen-based
activities, while their time outside the home is increasingly
focused on structured, supervised activities as a part of on-
going parental concerns for their safety. The significance of
studies on the positive impact of PA [2], together with the
negative impact of sedentary lifestyles [3] is warranted, given
its importance on the public health [4] including physical,
mental and cognitive domains [1].

Physical activity is deeply anchored in our biological heri-
tage, which develops across childhood and adolescence. It
is fundamental to strengthen the early development of each
child. Essentially, physically active children and adolescents
are likely to be physically active during adulthood and through-
out their lives [5]. The development of competency in a range
of fundamental motor skills (MSs) during childhood may help
to establish a lifelong commitment to PA [6].

Engaging in regular PA, which results in intense energy
expenditure, is considered an effective guarantee against the
risk of somatic illnesses and pathological behaviours [7, 8].
Energy expenditure is the reference for PA under free-living
and unrestrained conditions for humans in their natural sur-
roundings [9]. There is well-documented theoretical and prac-
tical evidence that higher levels of PA in school-aged children
are associated with vital short- and long-term health benefits
in the physical, biological, psychological, motor behavioural,
emotional, social, cognitive, and academic performance do-
mains [10-14]. Interestingly, PA plays a critical role in pro-
moting a beneficial gene-expression profile [15]. Paradoxi-
cally, PA leads to various health risks, including posture
problems, somatic conditions, problems with circulation,
overweight and obesity, accelerated biological ageing, pre-
mature death, and the list goes on [16].
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There is much published research on the relationship
between PA and motor skill (MS) in children. The literature has
acknowledged such a relationship-specific connection and
attributed it to enhanced specific brain organs in conjunction
with the vestibular system [17]. It was confirmed that pro-
moting PA in early childhood, especially in young schoolers,
could help develop both fine and gross MSs [18]. Motor skill
competence further predicts PA behaviour in this segment
of young children [19]. This postulation is reiterated by evi-
dence showing a reciprocal relationship between PA and
motor development. As a very dynamic relationship, motor
competence increases the likelihood of participating in PA,
while engaging in PA provides opportunities to develop motor
competence [20]. An increasing amount of evidence sug-
gests that children who are less physically skilful tend to be
less active than their skilful counterparts [21]. Additionally,
children with better-developed MSs may find it easier to be
active and engage in more PA than those with less-devel-
oped MSs [22]. A similar finding was made by Webster et al.
[23]; that children with higher fundamental MSs tend to en-
gage in greater amounts of PA and girls were shown to be
at a deficit compared with boys in regards to both PA and
fundamental MSs. A very recent study, however, revealed
a weak cross-sectional correlation of motor competence with
PA in early childhood (two to six years), suggesting that motor
competence and PA developed independently of each other
during this young age and neither is predictive of the other
[24]. The previous authors hypothesised that the relation-
ship between MSs and PA strengthens as children age.

In fact, MSs in children are considered to be associated
with various health outcomes that affect child development,
such as adiposity, self-esteem, emotional well-being, cardio-
respiratory fitness, and cognition [25]. Accordingly, devel-
oping and implementing effective interventions to improve
children’s MSs have become a priority. Research involving
a wide range of arguments shows evidence that the devel-
opment of MSs and cognitive ability are malleable and tend
to be connected [26]. The significant advances made in re-
cent years in neuroscience have provided substantial insights
into connecting MS/PA to brain structure/function, and cog-
nitive development [27-29]. Domain-based reviews indicate
that both cognitive and motor functions are controlled by
areas of the brain, in particular the frontal lobe, corpus callo-
sum, cerebellum and basal ganglia, which collectively inter-
act to exercise judgement and control over executive func-
tion and intentional movements, which require anticipation
and prediction of movements [30]. Some reported that the
influence of PA on cognition is partially due to the physio-
logical changes established in the body. There may also be
a causal link behind the fact that both motor and cognitive
skills follow a similar developmental timetable with an accel-
erated development between five and ten years of age [31].

Minds-in-Motion Maze (M-i-M M) is a promising, low-
cost PA program designed to enhance functions of the ves-
tibular system; the organ of balance inside the inner ear. It
provides help to students of all ages in an innovative way via
increasing attention and concentration. Evidence-driven facts
with specific benefits to the academic, social, behavioural,
physical, and MS domains were also well-documented [32,
33]. The M-i-M M premise is that there is a link between early
afferent neural stimulation and cognitive abilities [34].

Essentially, the M-i-M M has been developed to integrate
the two hemispheres of the brain and improve neural inte-
gration such as balance and coordination (e.g., eye-hand,
eye-foot and bilateral limbs) through movements (e.g., bal-
ancing, rolling, pushing, pulling, stomping and jumping) that

focus on vestibular stimulation. The Maze approach also in-
cludes health-related aspects such as muscular strength and
endurance, flexibility and cardiovascular endurance. This pro-
gram is comprised of four concentrations (i.e., balance train-
ing, core strength development, auditory therapy and ves-
tibular circuit training) with goal-directed motor activities to
provide motor development for increased sensory process-
ing (visual and auditory) and integration [34]. According to
the little published research, the M-i-M M program has
achieved remarkable results in motor- and cognitive-relat-
ed domains [32, 33].

The objective of the current study is to examine the in-
fluence of M-i-M M-based activities in fostering MSs and
cognitive ability in young school-aged children and to place
the findings within the larger context of the role of non-per-
ceptual factors such as age, sex and sex-age on the results
obtained.

Subjects and methods
Medical ethical statement

The study protocol was approved by the ethical commit-
tee of the Faculty of Physical Therapy, Cairo University, Egypt
on 15/7/2018 (No: P.T. REC/012/002010), and complies with
all international regulations concerning the ethical use of
human volunteers for research studies. Participation was
voluntary for the school administration, parents of all children,
and the children themselves. First, oral consent was obtained
from the school director before the commencement of the
study. Then, parents of all the children and their teachers
were informed during an information meeting and handed
a written information letter, accompanied by the opportunity
to object or opt-out. Written consent was obtained later from
both of school director and children’s parents or legal
guardians permitting involvement after confirming that data
would be analysed anonymously for the purpose of privacy
protection.

Procedures

A pre-post study, which measures the occurrence of an
outcome before and after receiving a structured PA program,
was implemented over a period of six months (24 weeks)
from October 2018 to March 2019 on school-aged children.

One public primary school (Dsons Umm Denar School
for Basic Education, Damanhour, El-Buhayra Governorate,
Egypt) was chosen for the study. The main criterion of this
choice was the school’s belief in the aims of the study and
its enthusiasm to see its effect on the children’s success.

Initially, motor and cognitive competences were assessed
at baseline using two comprehensive standardised tests
(Bruininks-Oseretsky Test of Motor Proficiency™ Second
Edition, complete form — BOT™-2 CF; and Wechsler Intel-
ligence Scale for Children, Fourth Edition — WISC-IV) follow-
ing the necessary instructions for each task in both scales.
Separately, the children recruited to the experimental group
(EG) were subjected, on a regular basis, to a structured (mod-
erate to vigorous) PA program (M-i-M M). They were trained
collectively on the same day for the stipulated period of the
intervention. The untreated group (EG) was allowed to par-
ticipate in regular PAs concurrently. Immediately after com-
pletion of the treatment intervention, all children were re-eval-
uated for their motor and cognitive abilities. Children’s training
and test scoring were performed by the authors themselves
according to strict protocols.
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All the tests and training sessions took place in the school
environment; during school break time (11:30 a.m. — 12:00
p.m.) or instead of physical education classes. The training/
test area (a familiar room with ample space and sufficient
light, approx. 47 feet by 35 feet and free of possible distrac-
tions) was chosen because it would be comfortable for the
children and accommaodate all the test and intervention items.
A well-tested design and calibrated equipment were used.

Participants and setting

The sample of children consisted of 100 young school-
aged children ranging in age from six to eight. The children
were randomly selected without considering any characteris-
tics beyond the listed criteria. The sample was restricted to
normal, healthy individuals. It did not include any children
who were known to have any conditions such as mental or
neurological impairment, orthopaedic condition, metabolic
disease, vestibular dysfunction, hearing problem, locomo-
tor disorder, or concurrently receiving therapy. Specifically,
children with (a) severe physical impairment, (b) a learning
disability, or (c) below normal intelligence were excluded from
the study owing to the findings by Bruininks and Bruininks
[35] that subjects exhibiting these conditions perform worse
on the BOT™-2 CF.

The anthropometric characteristics of the children (i.e.,
height, weight and body mass index — BMI) were estimated
in a group setting during regular classes. Height was mea-
sured to the nearest 0.1 cm with the child standing with erect
posture and without shoes using a portable gauge (Seca por-
table stadiometer). The weight was taken with minimal cloth-
ing and recorded to the nearest 0.1 kg using an electronic
scale. The BMI based on self-reported height and weight was
computed as a function of weight (in kg) divided by height
(in m?) and expressed in kg/m? [weight (kg)/height? (m?)].

Considering both sexes, the children were randomly di-
vided into two equal groups (50 children/each) namely the
experimental group (EG), participating in the sensory M-i-M M,
and the control group (CG), continuing with normal school
activities. Over the course of the trial, a number of subjects
dropped out of both groups (two/each) for various reasons
and their data were excluded from all analyses.

Since this study includes both an intervention study and
program evaluations, the methodology/methods section is
divided into two major parts for clarity. The intervention will
be described first, followed by the program evaluations.

Intervention strategy
Experimental group

For the purpose of this study, the M-i-M M was employed
as a promising, innovative program that provides help to stu-
dents of all ages. This program has distinctive features and
advantages. First, the structured PA program was uniquely
designed to promote the integration of the two hemispheres
of the brain through movements that focus on vestibular stim-
ulation, in a sense incorporating physical and mental stimu-
lation. Second, it is a structured program specialised in the
needs of social interaction and communication and has mul-
tiple health benefits related to strengthening balance, coor-
dination, muscles and endurance, flexibility and cardiovas-
cular endurance [34].

Targeting the primary sensory pathways of the vestibu-
lar system, the M-i-M M program is comprised of four con-
centrations with goal-directed motor activities, including bal-

ance training, core strength development, auditory therapy,
and vestibular circuit training. The program approach consists
of 15 different movements designed in stations to provide
motor development for increasing sensory/visual process-
ing and integrating MS [34].

Over a six-month period (two academic semesters), chil-
dren in the EG received a 30-minute session, five times
a week, from Sunday to Thursday. All children were safely
escorted to the assigned training area one-on-one. The par-
ticipants went through the stations individually to minimise
distractions. Children begin the Maze at various stations and
move in a clockwise manner. Each child performed the exer-
cises at their specific station for one minute before rotating
to the next station. Each week, the Maze was increased in
intensity for each exercise. Exercises included in the Maze
were as follows: strong arm push; eye can convergence; eye
to eye; the beam team; jelly roll; puppy dog crawl; monster
mash; climb every mountain; balance board bash; electric
slide; skip to my lou; cross walk; bean bag boogie; jumping
jack flash; and step back.

Control group

While the treated group (EG) received structured PA using
the M-i-M M program, the CG participated in their typical,
unstructured PA in the classroom or playground according
to the regular schedule of the school’s physical education.
The children (including the experimental group) were allowed
to play with balls, practice running proficiently, climb stairs
and go on slides. Children’s play activities continued without
receiving specific instructions from the authors.

Administrating and scoring assessments
Instruments

Two instruments were used to measure the outcomes on
motor and cognitive competences of the children.

The level of motor proficiency was assessed by the BOT™-2
CF testing battery relative to the changes from baseline; main
outcome variables from pre- to post-intervention. BOT™-2
CF is a norm-referenced standardised test designed to as-
sess fine and gross MSs for children and individuals aged
between 4 and 21 years [35, 36]. The children were tested
using the complete form of the BOT™-2 CF, which is avail-
able with four composite areas [e.g., (a) fine manual control,
(b) manual control, (c) body control, (d) strength and agility]
and eight subtests [e.g., (1) fine manual precision, (2) fine
motor integration, (3) manual dexterity, (4) upper-limb coor-
dination, (5) bilateral coordination, (6) balance, (7) running
speed and agility, (8) strength]. Each sub-test includes six to
seven items, with a total of 53 tasks [35].

Motor-area composites were reported as standardised
scores (M=50.0, SD=10.0), and subtest scores were report-
ed as scale scores (M=15.0, SD=5.0). Descriptive catego-
ries were defined as ‘well-above average’ (standard score
> 70; scale score > 25; > 98" percentile); ‘above average’
(standard score 60 to 69; scale score 20 to 24; 84" to 97"
percentile); ‘average’ (standard score 41 to 59; scale score
11 to 19; 18" to 83 percentile); ‘below average’ (standard
score 31 to 40; scale score 6 to 10; 3 to 17" percentile);
and ‘well-below average’ (standard score<30; scale score
<5; < 2nd percentile) [35].

The BOT™-2 CF was chosen in our study because it is
one of the most comprehensive assessments for motor pro-
ficiency worldwide. It evaluates a diverse range of MS and is
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frequently used in the international diagnostic guidelines, and
in research studies of functional capacity in children and
school-age young adults as a reliable assessment tool [36].

The cognitive ability of children was evaluated using the
WISC-IV [37], a widely used standardised intelligence scale
assessing multiple components of intellectual ability in children
aged six to 16 years. The WISC-IV leads to a better under-
standing and more valid information on the general intellec-
tual, cognitive and learning abilities.

The WISC-IV typically takes 60-90 minutes to complete.
It generates a Full-Scale 1Q (FSIQ) and four index score IQs
as a measure of general intellectual functioning. These 1Q
scores all are set with a mean of 100 and a SD of 15. Each of
the subtests uses a mean of ten and a standard deviation of
three. The scale consists of four composite areas recognised
as master subscales [e.g., Verbal Comprehension (VC), Per-
ceptual Reasoning (PR), Working Memory (WM) and Process-
ing Speed (PS)] that provide the four index scores — (VCI),
(PRI), (WMI), and (PSI) — thought to represent the major com-
ponents of intelligence. Although the full version of the WISC-IV
has 15 subtests, only ten are considered core and used more
often when testing intelligence [37]. The FSIQ and the four
indices, as well as the subtests, have been shown to have
excellent reliability (i.e., internal consistency and test-retest),
validity and stability [38].

Measurements
Motor proficiency

The eight relevant BOT™-2 CF subtests were adminis-
tered individually to the children at eight different stations.
The BOT™-2 CF requires 40-60 minutes per child. The chil-
dren were brought to the test area from their classroom by
grade level separately. The children moved through the sub-
tests, test items in an orderly manner, as in the BOT™-2 CF
record form, starting with the tasks related to fine motor pre-
cision and finishing with strength tasks, since reversing the
application order could compromise motor performance in
certain tasks due to tiredness and/or fatigue. Each subtest
was rigorously administered according to the instructions
and guidelines provided in the examiner’'s manual.

The BOT™-2 CF provides a total motor composite score,
which is an overall measure of fine and gross motor profi-
ciency. On the BOT™-2 CF record form, participants receive
araw score for each test item, which is transformed into a com-
mon value called a point score. This conversion of a raw score
into a point score allows for the calculation of a total point
score from the sum of all test items within each subtest. The
total point score is further transformed into a scale score, then
a standard score considering age and sex. The total motor
composite score is derived from the fine manual control,
manual coordination, body coordination, and strength and
agility composite scores, which in turn are derived from the
fine motor precision, fine motor integration, manual dexterity,
bilateral coordination, balance, running speed and agility, up-
per-limb coordination, and strength subtest scores.

All data were hand scored on the given BOT™-2 CF form
in accordance with the BOT™-2 CF manual [35] and then
transcribed into the SPSS statistical package program.

Cognitive efficiency
Out of the 15 WISC-IV procedures, only four subtests were

considered (one from each composite area); those thought
to have a robust connection with the vestibular functioning in

this study to express the cognitive ability of the investigated
children. This included the similarities, picture completion,
digit span, and coding subtests. Similarities is a verbal com-
prehension task, which measures logical thinking or aptitude
to reason logically, conceptual reasoning (i.e., abstract rea-
soning) and verbal concept formation. Picture completion,
a perceptual reasoning subtest, was developed to measure
non-verbal reasoning and the ability to understand abstract
visual information. The digit span, a working memory subtest
from the WISC-IV, consists of two parts: digit span forward
and digit span backward, with the main goal of assessing the
short-term memory of children. It also measures attention,
auditory processing, and mental manipulation. Coding, a sub-
test of processing speed subscale, measures the visual-mo-
tor dexterity, associative non-verbal learning, and non-verbal
short-term memory [37, 38]. The children were examined indi-
vidually, and the time required to complete the tasks ranged
between 10 and 15 minutes for each child. Test administra-
tions were carefully conducted according to WISC-IV guide-
lines. The row scores from each subtest were converted into
scale scores ready for the statistical estimation of variance.

Experimental design

The randomised control-group pretest-posttest design,
better known as a randomised controlled trial, or RCT, was
used in this study. The design had both random selection
(Table 1) built on a thorough representation of the different age
categories of the three school grades, considering sexes and
random assignment for two age- and sex-matched cohorts
(experimental and control). The age groups were evenly di-
vided into the two testing groups. A randomly generated
sequence of numbers between one and two was used to
allocate each participant into one of the two groups.

Sample size

Since we are not aware of any previous studies using
the same intervention program with the same assessment
tools and children’s age, a power calculation for finite pop-
ulations was carefully performed using data from a prelimi-
nary pilot study. This investigation was performed with a ran-
domised sample of 15 children between the ages of 6-8 years
prior to launching the main study. This power calculation with
a 95% confidence level (two-tailed alpha of 5%) and statis-
tical power (1-p) of 80% resulted in a required number of 42
participants for each group as an adequate sample neces-
sary to execute the study. The number was increased to 50
participants for each group to allow for dropout and exclu-
sion rates.

Statistical analysis

Descriptive and inferential statistics were used to assess
the M-i-M M efficacy in terms of all the studied parameters.
The data were collected, tabulated and entered into Micro-
soft Excel with each child’s coded number in order to fit the
proper formatting guidelines to be analysed by the statistical
software program [Statistical Package for Social Sciences,
version 18 (SPSS V-18)]. For the children’s MSs, the data
were scored using the age- and sex-normative tables de-
rived from the original U.S. reference sample [35]. The scaled
(e.g., eight subtests) and standardised (e.g., four motor-area
composites and total motor area) scores from the BOT™-2
CF assessments at the children’s initial and follow-up tests
were analysed. The scale scores from similarities, picture
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completion, digit span and coding subtests of the WISC-IV
scale were analysed in a similar manner.

The Shapiro-Wilk test and the Kolmogorov—Smirnov test
(with Lilliefors correction) rejected the normality of all data
obtained. A non-parametric statistical analysis was under-
taken accordingly, using the SPSS statistical package. To in-
vestigate the variation between groups or sexes, the Mann—
Whitney U-Test was used, whereas the Wilcoxon Signed-Rank
Test was employed to test for differences within groups (e.g.,
to compare the pre- to post-changes). The effect of age was
analysed using the Kruskal-Wallis Test (three levels [six, seven
and eight years old]). Significant differences between means
(pairwise comparisons) were assessed using post-hoc Mann—
Whitney U tests. Significance was set at p < 0.05. All data
were summarised with means (M) and standard deviations
(£ SD).

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the ethical committee of the Faculty of
Physical Therapy, Cairo University, Egypt on 15/7/2018 (ap-
proval No.: P.T. REC/012/002010).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

All 96 participants were aged between 6.00 and 8.50 years
(M= 7.32years; SD = + 0.82) at intervention time and after
excluding the data of the children who withdrew from the studly.
Overall, the children exhibited a low variation in height (1.01-
1.27 m; 1.17 £ 0.06 in average), with greater variability of the
measurements of weight (19.00-29.20 kg; M = 23.73 + 2.47)
and BMI (15.41-20.23; M = 17.45 + 1.20) (Table 1). No sig-
nificant differences were found for the effect of sex on the
different parameters. In contrast to BMI, height and weight
recorded a significant increase with age. In this respect, higher
values were recorded at eight years of age compared to the
age of six. Regarding sex-age differences, boys and girls alike
showed a consistent pattern at the different ages. While the
results showed a significant variation in height and weight
between the ages of 6, 7 and 8 years for each sex (p = 0.000),
there were no significant changes recorded on the BMI scores
(p =0.071 in boys; p = 0.173 in girls). In contrast, boys and
girls did not show statistical significance when compared at
the same chronological age, except for BMI at six years old.
Overall, the paired post-hoc Mann-Whitney U-Test analysis
between the different possible combinations of age showed
a significant variation between children six — seven, six — eight
and seven — eight years old for both height and weight with
p < 0.05. Specifically, there were no significant variations
(p > 0.05) between the CG and EG in any of the demographic
or anthropometric characteristics, and the children in both
groups were at the same baseline of motor and cognitive
abilities (Table 1).

The BOT™-2 CF diagnostic tool was used to evaluate
the four areas of motor development: fine manual control (fine
motor precision and integration), manual coordination (manual
dexterity and upper-limb coordination), body coordination
(bilateral coordination and balance), and strength and agility
(running speed and agility, strength). The four relevant sub-
tests of cognitive ability on the WISC-IV scale, including simi-

larities, picture completion, digit span and coding, were used
to examine the children’s cognitive development.

The results on motor and cognitive competences obtained
in this regard refer to the efficiency of the M-i-M M program
in enhancing a wide range of children’s abilities based on
receiving 30 minutes a day of moderate-intensity, structured
activity. The mean between-group analysis shows that the
treated children had significantly higher scores for all motor
and cognitive abilities than their peers in the CG (Tables 2
and 3 1). The analysed data from the Mann-Whitney U-Test
showed a statistical significance in motor abilities between
the EG and CG, with p at its minimum value (0.000). In this
sense, a significant difference was found for the fine motor
precision (U = 203.50, Z = 6.10), fine motor integration (U =
141.00, Z = 7.45), manual dexterity (U = 67.50, Z = 7.97),
bilateral coordination (U = 0.00, Z = 8.54), balance (U = 88.00,
Z =7.82), running speed and agility (U = 9.00, Z = 8.45),
upper-limb coordination (U = 3.00, Z = 8.45) and strength
(U =6.00, Z = 8.43) subtests; fine manual control (U = 88.50,
Z =7.81), manual coordination (U = 4.50, Z = 8.42), body
coordination (U = 8.00, Z = 8.40) and strength and agility (U =
16.50, Z = 8.33) composite areas, and total motor composite
(U=0.00,Z=8.45) (Table 2). A very similar pattern of effect
was recorded with the similarities (U = 544.00, Z = 4.5050),
digit span (U = 242.50, Z = 6.738), picture completion (U =
458.00, Z = 5.155), and coding (U = 516.00, Z = 4.756)
subtests on the WISC-IV for cognitive ability (Table 3 I).

Regarding the effect of sex, the statistical evaluation
based on the Mann-Whitney U-Test in the EG showed sig-
nificant differences between boys and girls on the majority
of the examined parameters of the BOT™-2 CF. It also ap-
pears that the type of MS can influence the sex differences.
These findings indicated better performance for boys than
girls (p < 0.05) in fine motor precision (14.67 £ 2.97 vs. 12.33 +
2.79, resp.), fine motor integration (15.83 £ 2.33 vs. 13.79 £
2.62, resp.), fine manual control (50.25 + 5.62 vs. 45.58 + 2.28,
resp.), body coordination (70.92 + 2.36 vs. 67.67 + 3.33, resp.),
running speed and agility (14.71 + 1.60 vs. 13.04 + 3.01, resp.),
strength (26.67 + 3.97 vs. 22.88 + 1.48, resp.), strength and
agility (63.71 £6.13 vs. 56.96 + 5.30, resp.), and total motor
area (68.88 + 5.97 vs. 63.42 + 6.01, resp.), with no statisti-
cally significant variations (p > 0.05) for the manual dexterity,
upper limb coordination, manual coordination, bilateral co-
ordination and balance tests (Table 2).

By tracking the sex effect through the different ages
(Table 2) the analysis also showed consistent findings be-
tween boys and girls for the different ages. A significant dif-
ference was found between boys and girls in fine motor preci-
sion, fine motor integration, fine manual control, and total motor
composite (p < 0.05) at age eight. Strength, and strength
and agility were significantly varied between both sexes at the
different ages. While body coordination was significantly dif-
ferent for the six- and seven-year-olds between boys and
girls, running speed and agility only showed a statistical vari-
ation at six years old.

However, we found no significant variations between the
cognitive profiles of the boys and those of the girls subjected
to the intervention program. An exception is picture comple-
tion, which was significantly different at p = 0.041. Age-based
sex analysis exhibited a significant difference between all
age groups of boys and girls alike. Paired post-hoc Mann-
Whitney U-Test analysis between boys and their peers of
girls at the same age level showed a significant main effect
for the picture completion subtest (U = 10.00, Z = 2.40) at
the age seven with p = 0.021. Except these, no significant dif-
ferences were observed between the sexes at any of the
similar ages (Table 3 I).
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Turning to the influence of age (without regard to sex),
the results showed that the mean values of the motor (Ta-
ble 2) and cognitive abilities (Table 3 I) of the children were
significantly affected. According to the Kruskal-Wallis Test,
the data reported significant variations between the differ-
ent ages for all MSs. An exception is the bilateral coordination
subtest score, which showed insignificant variation across
the different ages with p = 0.170. Specifically, gains in per-
formance were higher for children aged eight than for those
aged six and seven on all BOT™-2 CF and WISC-IV test
scores. Generally, the rate of improvement in MSs and cog-
nitive abilities appeared consistent with ageing.

The paired post-hoc analysis between the different ages
showed mixed findings. While an absence of statistically sig-
nificant variations were observed between the ages of seven
and eight years for the fine motor precision, fine motor inte-
gration, fine manual control, upper limb coordination, bilateral
coordination, balance, body coordination, running speed and
agility, and strength motor activities, a highly significant im-
provement was recorded with the move from age six to seven
years in relation to the fine motor precision, fine motor inte-
gration, balance, and running speed and agility scores. Re-
markable significant differences were calculated between
the different age combinations (six vs. seven, six vs. eight,
and seven vs. eight) for the manual dexterity, manual coor-
dination, strength and agility, and total motor areas measures
(Table 2). On the other hand, the analysed data of cognitive
abilities showed significant differences in the similarities and
picture completion subtests among all age combinations.
A remarkable, significant improvement was also identified
for coding between the ages of six and seven and the ages
of six and eight years. Meanwhile, 8-year-old children were
significantly the best in relation to the digit span scores (Ta-
ble 3 I). Overall, the highest level of improvement occurred
between the ages of six and eight, as the results showed
a significant increment in the both motor and cognitive abili-
ties with p = 0.000 (Tables 2 and 3 I).

The within-group analysis (Wilcoxon Signed-Rank Test)
for the difference between mean scores for both motor and
cognitive skills (Tables 3 Il and 4) showed significant im-
provements from pre- to post-test in the EG (p = 0.000), but
not in the CG. In this context, the mean scores were consist-
ently higher in children in the EG than those in the CG. When
the study started, the children in both groups had approxi-
mately the same level of motor and cognitive proficiency;
no significant variations were observed (data not shown).
With regard to the sex effect (EG), it has been shown that
boys and girls alike recorded significant positive results (o =
0.000) from pre- to post-evaluation in the different measure-
ments of the BOT™-2 CF and WISC-IV tests. Contrary to
the pre-test data, the differences between boys’ and girls’
motor and cognitive skills decreased after receiving the
M-i-M M exercises. Without going into excessive detail, the
total motor area in boys significantly increased ‘on average’
from 45.21 £ 5.56 t0 68.88 + 5.97 vs. 37.42 + 4.22 t0 63.42
+ 6.01 in girls with p = 0.000.

In view of the WISC-IV standardisation data, the boys
showed significant improvement with a difference of 2.29,
3.59, 2.17 and 2.66, from pre- to post-test on the scale score
of similarities, digit span, picture completion and coding, re-
spectively, compared to 2.42, 3.04, 3.21 and 2.5 for the girls.
Apparently, the rate of improvements in motor abilities was
relatively greater than the cognitive abilities for both the boys
and girls. Although the improvement in motor abilities was
more salient in the boys relative to the girls (Table 4), both
sexes achieved approximately the same level of increase with
regard to cognitive competence measures (Table 3 1 and Il).

Post-pre calculated differences in motor and cognitive
abilities by age revealed a significant change within each age
category: 6-, 7-, and 8-year-old children. The rate of increase
was almost congruent for both motor and cognition scores.
However, the children in the 8-year-old group recorded the
highest rate of increase in relation to the total motor ability
(Table 4). Albeit to a lesser extent, the highest improvement in
cognitive performance was recorded at the ages of six and
seven, particularly for the similarities and digit span subtests
(Table 3 11).

Discussion

The current research aimed at measuring motor and cog-
nitive skills among primary school-aged children (six to eight
years old) subjected to a vestibular stimulation intervention
using the M-i-M M program. The main aim was to gain more
precise insights into the role of such a PA program in medi-
ating MSs and cognitive competence and their combined
associations to the demographic characteristics such as age,
sex and sex-age factors.

The current findings provide new information and sup-
port some previous research findings, which showed that:
(i) vestibular stimulation benefits motor and cognitive devel-
opment at younger ages; (ii) despite some elements of uncer-
tainty, the developmental trajectory of motor and cognitive
skills is closely correlated [39] and display equally protracted
developmental timetables of maturation [40]; and (jii) although
cognitive competence and MSs may seem related to each
other, which skills are related varies across age and sex [41].

The results obtained confirmed the first hypothesis of
the study that M-i-M M-based PA has the potential to en-
hance not only MSs, but also cognitive ability among children
receiving 30 minutes a day of moderate-intensity structured
activity. Analysis the of data focusing on the effect of the
M-i-M M vestibular stimulation exercise program in promot-
ing the motor abilities of children reflected significant im-
provements in the EG across all BOT™-2 CF motor tasks
(both fine and gross skills) compared to the untreated control.
This was not an unexpected finding as we anticipated this
would occur because the M-i-M M program was designed
to help individuals build good MSs via enhancing balance,
coordination, strength and agility [42]. Our results on the rate
of motor development of children were generally consistent
with previous research that has shown that children engaged
in PA on a regular basis had higher scores on BOT™-2 CF
tests [43]. The increased improvement registered here com-
pared to previous studies most likely arises from our use of
a mind-body fitness program (namely, M-i-M M) to build up
the children’s abilities. Another reason is the use of a com-
prehensive, standardised test (i.e., BOT™-2 CF) for which
there is a high degree of internal consistency across the in-
dividual sub-tests and when administered across a wide age
range; five to 17 years old.

While the EG demonstrated high positive changes from
pre- to post-assessment in all motor activities on the BOT™-2
CF tests, the CG didn’t show any significant changes in this
regard. The treated children achieved higher mean scores
between pre- and post-test of motor abilities. So, as hypoth-
esised, the findings revealed the usefulness of regular ves-
tibular stimulation exercises in increasing motor and coor-
dination skills in this segment of school goers.

The 30-minutes of structured PA intervention implemented
in this study supports the growing body of research-based
evidence about the importance of structured time [7]. Ac-
cording to the published best practices, the body changes to
adapt to the regular exercise. For programs striving to en-
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hance proficiency or to improve a new MS in children, a criti-
cal problem is the effects of the amount of practice and the
time interval between practice sessions to maintain such
abilities [44]. Mitts [32] reported that children consistently in-
volved in M-i-M M activities were more motor-efficient com-
pared to their counterparts who did not undergo the training.
Vidoni et al. [43] indicated similar findings. This could be ex-
plained by the fact that the basis of motor enhancement in
children is consistent engagement in activities that require
exertion of large and fine muscle groups. In this sense, Ehrlich
and Schoppik [45] stated that mature locomotion requires
that nervous system to coordinate distinct groups of muscles,
even though the pressures that guide the development of this
coordination are not well understood.

Apparently, no child in the CG was incentivised (M-i-M M
practice) to improve their MSs and largely maintained their
starting point. From a motor development perspective, im-
provements in MSs do not occur accidentally through chil-
dren’s growth or maturation, and it is necessary to adapt
school/family-based motor learning approaches, consider-
ing the ambient environment.

With a prime focus for the M-i-M M program on skills-
related fitness, health-related fithess, boosting the function of
the vestibular system and otherwise, the improvement seen
in the treated group is fundamentally underpinned by inte-
grating visual-MSs. Findings from blind infants support this
conclusion, as the absence of visual perception from birth
seriously affects motor development [46]. Scientific evidence
for causation refers to a lack of normal calibration exerted by
vision on the proprioceptive and vestibular systems. A well-
documented study cited extensive neural connections be-
tween the vestibular apparatus and the motor system [47],
with primal functions in maintaining balance, posture, and
equilibrium by monitoring the motion of the head and stabi-
lising the eyes relative to the environment [45]. To the best
of our knowledge, few studies so far have investigated the
efficiency of the M-i-M M program in enhancing schoolgo-
ers’ MSs, whilst a massive amount of research has turned
attention to the role of (non-specialised) PAs in eliciting health
benefits, notably individuals with developmental disabilities.
Lately, fewer studies have been conducted among typically
developed children and adolescents with a diversity of inter-
vention modalities and results.

Obviously, fine the manual control, manual coordination,
body coordination, and strength and agility motor areas were
the motor aspects with the relatively strongest significant im-
provement from pre- to post-test and when compared be-
tween groups (experimental vs. control), due to the rather good
response to the related subtests. These results are compati-
ble with some past research that has shown that manual co-
ordination (manual dexterity and upper limb coordination) and
the body coordination (bilateral coordination and balance)
motor areas interacted strongest under PA interventions [48],
in particular with those programs focusing on specific task
training in activities of interest, as in our case with the M-i-M
M program [32, 33]. Specifically, the goal-directed activities
of the M-i-M M reinforce the coordination and balance as-
pects that are most related to cognition for more positive
outcomes on fundamental MSs in children.

With regard to the cognitive abilities, it is interesting to
show that only children who regularly attended the M-i-M M
vestibular stimulation exercise program attained significant
gains in the post-test, when compared with the non-inter-
vention CG. Children engaged daily in the M-i-M M activi-
ties improved their abilities in the similarities, picture com-
pletion, digit span and coding subtests and improved their

concentration and attention by the end of the intervention
period compared to the beginning of the study. Collectively,
these results converge in supporting the promising role of the
M-i-M M program in strengthening and maintaining cogni-
tive abilities in young children.

The literature contains numerous and conclusive results
supporting that vestibular-stimulating PA programs have di-
rect positive impacts on cognition and the ability to deliver real
intellectual benefits that provide the base from which chil-
dren can fully engage in behaviours and interactions that uplift
learning. We assume that vestibular-stimulating PA triggers
sensory conflicts, which cause appropriate stimulation of the
vestibular system, proprioceptors, and the brain’s memory/
learning centres, leading to an improved relationship between
them, which in turn should enhance cognitive functioning.
Coordinative exercises involve significant top—down cogni-
tive processing and the ability to ignore automatic behav-
iours [49]. Additionally, there is evidence supporting the sym-
biotic association between PA and cognitive functions in
children, and it is likely that this synchronisation is causal
rather than merely associational [31, 50]. Brain growth in the
prefrontal cortical area is thought to be representing the cru-
cial point in this regard [49]. The current findings may find a
plausible explanation in the executive function hypothesis.
This hypothesis claims that exercise-training sessions cause
a significant increase in grey matter volume and greater white
matter integrity that is related to prolonged growth of myeli-
nation in the prefrontal and frontal cortex [51, 52]. Since these
finding suggest that brain functioning is sensitive to an ac-
tive lifestyle in which PA is a central factor, an essential goal
for the M-i-M M program is to emphasise the importance of
PA to enhance cognitive skills in childhood and prevent sed-
entary lifestyle.

A core component of the current study was devoted to
assessing age- and sex-associated differences in motor and
cognitive abilities in children undergoing the intervention (ex-
perimental). The data confirmed the feasibility of the study
design used regarding this point. The M-i-M M group showed
significant variation between boys and girls across most test
items of the BOT™-2 CF, but not for cognitive tasks on the
WISC-IV scale. In this context, boys outperformed girls across
arange of motor tasks (e.g., fine manual precision, fine man-
ual integration, fine manual control, body coordination, run-
ning speed and agility, strength, strength and agility, and total
composite motor area), and that for specific tasks, including
manual dexterity, upper limb coordination, manual coordina-
tion, bilateral coordination and balance, no significant vari-
ations were observed.

Reviewing the published biomedical literature disclosed
vast explorations of the role of sex in the acquisition of skills
in school-aged children. Even though our results appear con-
sistent with a large prior body of empirical research, there
have been some studies that reported findings pointing in
the opposite direction. Regardless of the physical or physio-
logical capacities that could make a difference between boys
and girls, variability of results in tests can be attributed to the
multiplicity of different assessment tools.

Specifically, boys were more skilful in certain fine (i.e.,
fine manual control and its related subtests) and gross (i.e.,
body coordination, strength and agility and its related sub-
tests) MSs. These results coincide with what has been re-
ported that sex differences can strengthen a particular physi-
cal/MS [53-55]. In a widely cited investigation, Junaid and
Fellowes [56] demonstrated that girls scored significantly
higher than boys on visual motor and locomotor tasks, sug-
gesting that girls attain manual dexterity earlier than boys.
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However, boys were more skilful in object control and object
manipulation skills, including throwing, kicking and catching
skills [57]. Another relevant empirical study revealed that sex
differences in motor performance during childhood and ado-
lescence were not related to age, but actually to the develop-
ment of sex differences due to biological and environmental
sources [58].

The inclusion of age as a determinant of the influence of
sex indicated a similar context in which many aspects of boys’
motor functioning significantly surpassed those of girls in the
different age groups examined. For instance, at eight years
old, boys were more skilful than their same-age female peers
in fine manual control and its related subtests. Additionally,
boys aged six and seven achieved higher scores in body co-
ordination than their counterparts of girls at the same ages.
Sex differences were present in strength, and strength and
agility from six to eight years old, with boys having better
performance than girls. In this sense, Kokstejn et al. [57] re-
ported that differences between school-age boys and girls
in the fundamental gross and fine MSs exist but these dif-
ferences fluctuated when analysing by age.

Paradoxically, the improvement in cognitive functioning
tended to be similar between boys and girls receiving M-i-M
M intervention activities. Although the boys and girls in the EG
attained positive significant results based on post/pre-eval-
uation, the comparison between them did not show any sig-
nificant variations over all the examined parameters of simi-
larities, digit span, picture completion, or coding tasks. No
significant results were recorded for the same-age peers of
boys and girls either. This may contradict the results of some
research that confirms that sex differences in intellectual ability
exist, and this may be pertinent to prenatal or early postnatal
sex hormone exposure [59]. In this context, research referred
to the importance of the parental environment and resourc-
es as pivotal elements in children’s cognitive development.
For example, there is a consensus that the early formation of
children’s cognitive ability is positively related to older, highly
educated and high socio-economic status parents [60]. We
may argue that the M-i-M M activities compensated for the
biological and environmental differences between the sexes.

Regarding the effect of age (without considering sex), the
present results confirmed that all MSs and cognitive abilities
significantly improved with age from six to eight due to the
intervention practices. Conflicting results, however, were found
between the ages of six to seven and seven to eight. Age-
associated differences in coordination-related motor perfor-
mance, fitness-related motor performance, and total motor
performance in children are a subject of extensive explora-
tions in movement intervention studies. Published results con-
firm that motor competence, including coordination, balance
and strength abilities, are improved innately from childhood
(6—12 years) to young adulthood (19-25 years), [38, 61] and
become stronger through adapting to a PA intervention pro-
gram. Regardless of the effect of age, the findings on MS or
cognition may be inconsistent because of the accompanied
environmental conditions or parents’ socio-economic back-
grounds. Highlighting the difference in opportunities available
to children is, therefore, very important.

Remarkably, we found that age was the paramount factor
affecting the children’s motor and cognitive abilities, followed
by sex. Currently, there is renewed interest supported by
broad empirical evidence regarding the role of age in motor
and cognitive health. Physiologically and according to pre-
viously published research results, the age period is crucial
for every child to not only refine and improve their MSs but
also to enhance their cognitive abilities. That is why under-

standing the need to invest in young children is so important,
to maximise their future well-being. There is a general con-
sensus that younger children face more movement difficulties
than older children and react differentially to their environment.
Better motor performance is associated with higher ages and
develops similarly in boys and girls between six and ten and
up to 13 years old [62, 63]. Significant evidence also refers
to the superiority of the older ages in achieving higher cogni-
tive-based academic success compared to younger ones [64].
These findings were previously discussed on the grounds of
functional brain development and the different rates of cere-
bral maturation. The promising results obtained on the cog-
nitive abilities of the children in this study may raise earnest
questions about the impact on these academic achievements,
although this was not a goal of the current study.

The statistical analysis of WISC-IV measures also showed
that the children achieved the most significant improvements
(with or without sex inclusion) in the period from six to eight
years old. The concept that intense PA interventions during
early childhood may be the ultimate solution to enhance chil-
dren’s motor and cognitive abilities without considering other
supporting factors is shrouded in uncertainty. The current
results of the study may agree, to some extent, with the no-
tion of the positive impact of the first year of schooling [65],
but the main idea remains that the first three academic years
is vital to the potential cognitive and intellectual learning. In
fact, many aspects of the intellectual abilities are increas-
ingly improved, reorganised and expanded, especially at the
beginning of schooling. Indeed, structured on-site PA pro-
grams such as M-i-M M during this period can make a vital
change in the way of promoting the MSs, which are consid-
ered a precursor of cognition and academic performance in
children.

Limitations

The results of the current study provide information that
may be important in enhancing the motor and cognitive
competences of school-aged children. Initially, a number of
limitations hindered our ability to begin the studies and to
draw the final conclusions. The study experienced tempo-
rary difficulties in convincing school officials and parents of
the aims of the study, which soon faded away after an infor-
mation meeting of all concerned parties. Hence, the neces-
sary support was provided for the successful completion of
the study by recruiting the purposive sample and allocating
sufficient time and an appropriate place.

Conclusions

The present study provides the first systematic insights
into the sensory stimulation of the vestibular system using
a structured PA program, which can be used to enhance the
latent capacities of children early in their school life. Data
obtained indicate that the M-i-M M intervention achieved
significant changes in young students’ motor performance,
particularly in balance and coordinated-related motor per-
formance. The children also showed real improvement in their
cognitive abilities. Even though, the improvement percentage
in almost all motor and cognitive abilities from pre- to post-
test (data not reported) was in favour of the younger children
(six years old), the eight-year-old children statistically attained
the best results when compared to their peers of six- or seven-
year-old children based on the post-test findings. Specifi-
cally, the cognitive development was similar in both boys and
girls, with the boys having an apparent advantage over the
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girls in many aspects of motor behaviours, as affected by the
Maze practices, which may raise serious questions about
the role of age and sex in implementing intervention-based
programs. As such, it is imperative to consider sex/age-sen-
sitivity training to minimise expected gaps in results.

In conclusion, future research is needed to repeat the find-
ings of the M-i-M M intervention in the context of different
settings, different cohorts (typical and atypical school-age
children), and with additional instruments to gain a more com-
prehensive view of the effects on motor and body-manage-
ment skills as well as the level of performance on cognitive
and academic abilities.

Clinical massages

Using a structured PA program to stimulate the vestibular
apparatus was associated with noticeable improvements in
the physical and mental abilities of children.

The feasibility of the M-i-M M program in young school-
aged children is warranted, given its importance in shaping
or motivating MSs and executive functions early in their aca-
demic lives.

Acknowledgements

This research work was implemented as part of the spe-
cific requirements for earning a Ph.D. from the Department of
Physical Therapy for Pediatrics, Faculty of Physical Therapy,
Cairo University, Egypt. The authors would like to thank the
school’s principal as well as the children and parents who
volunteered to participate in the study. Special thanks should
be given to Prof. Dr. Tarek A. EI-Shahawy, Botany Dept., Na-
tional Research Centre, Egypt, for his professional guidance
and valuable comments/suggestions in analysing the data
and drafting the manuscript, which have been very helpful
in improving the manuscript.

Disclosure statement
No author has any financial interest or received any finan-
cial benefit from this research.

Conflicts of interest
The authors state no conflict of interest.

References

1. Darling-Churchill KE, Lippman L. Early childhood social
and emotional development: advancing the field of meas-
urement. J Appl Dev Psychol. 2016;45:1-7; doi: 10.1016/
j-appdev.2016.02.002.

2. Yogman M, Garner A, Hutchinson J, Hirsh-Pasek K, Go-
linkoff RM, et al. The power of play: a pediatric role in en-
hancing development in young children. Pediatrics. 2018;
142(3):20182058; doi: 10.1542/peds.2018-2058.

3. Panahi S, Tremblay A. Sedentariness and health: sed-
entary behavior more than just physical inactivity? Front
Public Health. 2018;6:258; doi: 10.3389/fpubh.2018.
00258.

4. Rovo G, Makai A, Prémusz V, Baumann P, Laczko T,
Betlehem J, et al. Prevalence and correlates of physical
activity among public healthcare workers in Hungary.
Health Prob Civil. 2020;14(3):221-227; doi: 10.5114/
hpc.2020.98469.

5. Telama R. Tracking of physical activity from childhood to
adulthood: a review. Obes Facts. 2009;2(3):187-95; doi:
10.1159/000222244.

6. Barnett LM, Beurden VE, Morgan PJ, Brooks LO, Beard
JR. Childhood motor skill proficiency as a predictor of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

adolescent physical activity. J Adolesc Health. 2009;
44(8):252-259; doi: 10.1016/j.jadohealth.2008.07.004.

. Bodnar I, Pavlova I, Khamade A. Physical education of

children with autism spectrum disorders: a systematic
review of structure and effects of interventional programs.
Physiother Quart. 2020;28(4):61-70; doi: 10.5114/pq.
2020.96232.

. Kubinska Z, Zaworski K, Mysula |, Pocztarska-Gtos, A.

Physical activity in primary and secondary physioprophy-
laxis. Health Prob Civil. 2020;14(1):34—-42; doi: 10.5114/
hpc.2020.92522.

. Damasceno VO, Lima JRP, Gongalves R, Vianna JM,

Werneck FZ, Amorim PR, et al. Concurrent validity and
reliability of 3-Day Physical Activity Recall on daily energy
expenditure in children and adolescents. Hum Mov.
2021;22(2):93-101; doi: 10.5114/hm.2021.100018.
Warburton DE, Nicol CW, Bredin SS. Health benefits of
physical activity: the evidence. Can Med Assoc J. 2006;
174(6):801-809; doi: 10.1503/cmaj.051351.

Archer T. Physical exercise and its impact on psychol-
ogy. Clin Exp Sychol. 2016; 2:e104; doi: 10.4172/2471-
2701.1000e104.

dos Santos CR, da Silva CC, Marques I. Relationship be-
tween physical activity, physical fitness, and motor com-
petence in school children. Motricidade. 2017;13(S1):
76-83.

Morris T, Roychowdhury D. Physical activity for health and
wellbeing: the role of motives for participation. Health
Psychol Rep. 2020;8(4):391-407; doi: 10.5114/hpr.2020.
100111.

Tilp M, Scharf C, Payer G, Presker M, Fink A. Physical
exercise during the morning school-break improves basic
cognitive functions. Mind Brain Educ. 2020;14(1):24-31;
doi: 10.1111/mbe.12228.

Tong L, Shen H, Perreau VM, Balazs R, Cotman CW. Ef-
fects of exercise on gene-expression profile in the rat hip-
pocampus. Neurobiol Dis. 2001;8(6):1046—1056; doi:
10.1006/nbdi.2001.0427.

Booth FW, Roberts CK, Laye MJ. Lack of exercise is
a major cause of chronic diseases. Compr Physiol 2012;
2(2):1143-1211; doi: 10.1002/cphy.c110025.

Jensen E. Teaching with the Brain in Mind. 2" ed. Alex-
andria: ASCD; 2005.

Ali A, Pigou D, Clarke L, McLachlan CJ. Literature review
on motor skill and physical activity in preschool children
in New Zealand. Adv Phys Educ. 2017;7(1):10-26; doi:
10.4236/ape.2017.71002.

Khodaverdi Z, Bahram A, Khalaji H, Kazemnejad, A.
Motor skill competence and perceived motor compe-
tence: which best predicts physical activity among girls?
Iran J Public Health. 2013;42(10):1145-1150.

Stodden DF, Goodway JD, Langendorfer SJ, Roberton
MA, Rudisill ME, Garcia C, et al. A developmental per-
spective on the role of motor skill competence in physi-
cal activity: an emergent relationship. Quest. 2008;60(2):
290-306; doi: 10.1080/00336297.2008.10483582.
Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA.
The relationship between motor proficiency and physical
activity in children. Pediatrics. 2006;118(6):1758-1765;
doi: 10.1542/peds.2006-0742.

Williams HG, Pfeiffer KA, O’'Neill JR, Dowda M, Mclver KL,
Brown WH, et al. Motor skill performance and physical
activity in preschool children. Obesity. 2008;16:1421—
1426; doi: 10.1038/0by.2008.214.

Webster EK, Martin CK, Staiano AE. Fundamental motor
skills, screen-time, and physical activity in preschoolers.

77


https://doi.org/10.5114/hpc.2020.98469
https://doi.org/10.5114/hpc.2020.98469
https://doi.org/10.5114/pq.2020.96232
https://doi.org/10.5114/pq.2020.96232
https://doi.org/10.5114/hpc.2020.92522
https://doi.org/10.5114/hpc.2020.92522
https://www.sciencedirect.com/science/journal/09699961/8/6
https://dx.doi.org/10.1002%2Fcphy.c110025

78

A.S.E. Atwa, G.M.A. El-Maksoud, E.A.M.M. Mahgoub
Effect of a vestibular-stimulating training program on motor skills

Physiother Quart 2023, 31(3)

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

J Sport Health Sci. 2019;8(2):114-121; doi: 10.1016/j.
jshs.2018.11.006.

Schmutz EA, Leeger-Aschmann CS, Kakebeeke TH,
Zysset AE, Messerli-Birgy N, Stiilb, K, et al. Motor com-
petence and physical activity in early childhood: stability
and relationship. Front Public Health. 2020;8:39; doi:
10.3389/fpubh.2020.00039.

Robinson LE, Stodden DF, Barnett LM, Lopes VP, Lo-
gan SW, Rodrigues LP, et al. Motor competence and its
effect on positive developmental trajectories of health.
Sports Med. 2015;45(9):1273-1284; doi: 10.1007/
s40279-015-0351-6.

Darling-Hammond L, Flook L, Cook-Harvey C, Barron B,
Osher D. Implications for educational practice of the sci-
ence of learning and development. Appl Dev Sci. 2020;
24(2):97-140; doi: 10.1080/10888691.2018.1537791.
Johnson MH. Interactive specialization: a domain-gener-
al framework for human functional brain development?
Dev Cogn Neurosci. 2011;1(1):7-21; doi: 10.1016/j.dcn.
2010.07.003.

Miranda M, Morici JF, Zanoni MB, Bekinschtein P. Brain-
derived neurotrophic factor: a key molecule for memory
in the healthy and the pathological brain. Front Cell
Neurosci. 2019;13:363; doi: 10.3389/fncel.2019.00363.
Nilsson J, Ekblom O, Ekblom M, Lebedev A, Tarassova O,
Moberg M, et al. Acute increases in brain-derived neu-
rotrophic factor in plasma following physical exercise
relates to subsequent learning in older adults. Sci Rep.
2020;10(1):4395; doi: 10.1038/s41598-020-60124-0.
Nelson 3 CA, Zeanah CH, Fox NA. How early experi-
ence shapes human development: the case of psycho-
social deprivation. Neural Plast. 2019;2019: 1676285;
doi: 10.1155/2019/1676285.

Audiffren M, André N. The exercise-cognition relation-
ship: avirtuouscircle. J Sport Health Sci. 2019;8(4):339-
347; doi: 10.1016//.jshs.2019.03.001.

Mitts M. Effect of Sensory Stimulation in Physical Activ-
ity on Academic Achievement and Classroom Behavior
in Elementary Students. Graduate Theses and Disserta-
tions. Fayetteville: University of Arkansas; 2018. Available
DATE?? from: https://scholarworks.uark.edu/etd/2954.
Vargas L. The effects of a physical activity program called
“minds-in-motion-the maze” on balance and motor skills
in middle school aged students. Electronic Theses and
Dissertation. Kentucky: University of Louisville; 2018; doi:
10.18297/etd/2988.

Meyer CS. Minds-in-Motion: the Maze Handbook. Louis-
ville: Minds-in-Motion Inc. Press; 2012.

Bruininks RH, Bruininks BD. Bruininks-Oseretsky Test of
Motor Proficiency. 2" ed. Minneapolis: NCS Pearson;
2005.

Ferreira L, Vieira JL, da Rocha FF, da Silva PN, Cheuc-
zuk F, Cagola P, et al. Percentile curves for Brazilian
children evaluated with the Bruininks-Oseretsky test of
motor proficiency, 2" edition. Rev Bras Cineantropom
Desempenho Hum. 2020;22(1):e65027; doi: 10.1590/
1980-0037.2020v22e65027.

Wechsler D. The Wechsler Intelligence Scale for Chil-
dren. 4" ed. London: Pearson, 2003.

Plante TG. Contemporary Clinical Psychology. Hoboken—
New Jersey: John Wiley & Sons; 2010.

Davis EE, Pitchford NJ, Limback E. The interrelation
between cognitive and motor development in typically
developing children aged 4—11 years is underpinned by
visual processing and fine manual control. Br J Psychol.
2011;102:569-584;doi: 10.1111/j.2044-8295.2011.020
18.x.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Zeng N, Ayyub M, Sun H,Wen X, Xiang P, Gao, Z. Effects
of physical activity on motor skills and cognitive develop-
ment in early childhood: a systematic review. Biomed Res
Int. 2017;2017:2760716; doi: 10.1155/2017/2760716.
Reilly DS, van Donkelaar P, Saavedra S, Woollacott MH.
Interaction between the development of postural control
and the executive function of attention. J Motor Behav.
2008;40(2):90-102; doi: 10.3200/JMBR.40.2.90-102.
Carter K, Sunderman S, Burnett SW. The Effect of ves-
tibular stimulation exercises on balance, coordination,
and agility in children with Down syndrome. Am J Psy-
chiatry Neurosci. 2018;6(2):28-32; doi: 10.11648/j.ajpn.
20180602.11.

Vidoni C, Lorenz DJ, de Paleville DT. Incorporating a move-
ment skill programme into a preschool daily schedule.
Early Child Dev Care. 2014;184(8):1211-1222; doi:
10.1080/03004430.2013.856895.

Yamada C, ltaguchi Y, Fukuzawa K. Effects of the amount
of practice and time interval between practice sessions
on the retention of internal models. PLoS One. 2019;
14(4):e0215331; doi: 10.1371/journal.pone.0215331.
Ehrlich DE, Schoppik D. A primal role for the vestibular
sense in the development of coordinated locomotion.
Elife. 2019;8:€45839; doi: 10.7554/eL.ife.45839.

Bakke HA, Cavalcante WA, de Oliveira IS, Sarinho SW,
Cattuzzo MT. Assessment of motor skills in children with
visual impairment: a systematic and integrative review.
Clin Med Insights Pediatr.2019;13:1179556519838287;
doi: 10.1177/1179556519838287.

Arendt RE, MacLean WE Jr, Halpern LF, Youngquist GA,
Baumeister AA. The influence of rotary vestibular stimu-
lation upon motor development of nonhandicapped and
down syndrome infants. Res Dev Disabil. 1991;12(3):
333-348; doi: 10.1016/0891-4222(91)90016-L.
Popovi¢ B, Gusi¢ M, Radanovi¢ D, Andrasi¢ S, Madi¢ DM,
Macak D, et al. Evaluation of gross motor coordination
and physical fitness in children: comparison between
soccer and multisport activities. Int J Environ Res Public
Health. 2020;17(16):5902; doi: 10.3390/ijerph17165902.
Best JR. Effects of physical activity on children’s execu-
tive function: contributions of experimental research on
aerobic exercise. Dev Rev. 2010;30(4):331-551; doi:
10.1016/j.dr.2010.08.001.

Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S,
Tomporowski P, et al. Physical activity, fithess, cognitive
function, and academic achievement in children: a sys-
tematic review. Med Sci Sports Exerc.2016;48(6):1197—
1222; doi: 10.1249/MSS.0000000000000901

Erickson Kl, Raji CA, Lopez OL, Becker JT, Rosano C,
Newman AB, et al. Physical activity predicts gray mat-
ter volume in late adulthood: the cardiovascular health
study. Neurology. 2010;75(6):1415-1422; doi: 10.1006/
nbdi.2001.0427.

Tian Q, Erickson KI, Simonsick EM, Aizenstein HJ,
Glynn NW, Boudreau RM, et al. Physical activity predicts
microstructural integrity in memory-related networks in
very old adults. J Gerontol A Biol Sci Med Sci. 2014;
69(10):1284—-1290; doi: 101093/Gerona/glt287.
Costello K, Warne J. A four-week fundamental motor skill
intervention improves motor skills in eight to 10-year-old
Irish primary school children. Cogent Soc Sci. 2020;6(1):
1724065; doi: 10.1080/23311886.2020.1724065.
Loras H. The effects of physical education on motor com-
petence in children and adolescents: a systematic review
and meta-analysis. Sports. 2020;8(6):88; doi: 10.3390/
sports8060088.


https://dx.doi.org/10.3389%2Ffpubh.2020.00039
https://doi.org/10.1080/10888691.2018.1537791
https://dx.doi.org/10.1016%2Fj.dcn.2010.07.003
https://dx.doi.org/10.1016%2Fj.dcn.2010.07.003
https://doi.org/10.7554/eLife.45839
https://dx.doi.org/10.1177%2F1179556519838287
https://dx.doi.org/10.1249%2FMSS.0000000000000901
https://dx.doi.org/10.3390%2Fsports8060088
https://dx.doi.org/10.3390%2Fsports8060088

A.S.E. Atwa, G.M.A. EI-Maksoud, E.A.M.M. Mahgoub
Physiother Quart 2023, 31(3) Effect of a vestibular-stimulating training program on motor skills

55. Raposa B, Melczer C, Rozmann N, Karolyi T, Takacs G,
Doma V, et al. Investigation of physical activity and sports
consumption habits in university students. Health Prob
Civil. 2020;14(3):211-220; doi: 10.5114/hpc.2020.97897.

56. Junaid KA, Fellowes S. Gender differences in the attain-
ment of motor skills on the movement assessment bat-
tery for children. Phys Occup Ther Pediatr. 2006;26(1-2):
5-11; doi: 10.1080/J006v26n01_02.

57. Kokstejn J, Musalek M, Tufano JJ. Are sex differences
in fundamental motor skills uniform throughout the en-
tire preschool period? PLoS One.2017;12(4):e0176556;
doi: 10.1371/journal.pone.0176556.

58. Thomas JR, French KE. Gender differences across age
in motor performance: a meta-analysis. Psychol Bull.
1985;98(2):260-282; doi: 10.1037/0033-2909.98.2.260.

59. Dodig IP, Kristo D, Kalcina LL, Pecoti¢ R, Vali¢ M, Do-
gas, Z. The effect of age and gender on cognitive and
psychomotor abilities measured by computerized series
tests: a cross-sectional study. Croat Med J. 2020;61(2):
82-92; doi: 10.3325/cm;j.2020.61.82.

60. Liu Y, Zhi M, Li X. Parental age and characteristics of
the offspring. Ageing Res Rev. 2011;10(1):115-123; doi:
10.1016/j.arr.2010.09.004.

61. Spruijt S, van der Kamp J, SteenbergenB. Current in-
sights in the development of children’s motor imagery
ability. Front Psychol. 2015;6:787; doi: 10.3389/fpsyg.
2015.00787.

62. Greier K, Drenowatz C, Rued|, G, Kirschner W, Lackner C,
Feurstein-Zerlauth V, et al. Motor competence across
6- to 10-year old children: a cross-sectional study in 1811
elementary school students. J Health Sci Educ. 2019;
3(83):1-6; doi: 10.0000/JHSE.1000162.

63. LimaRA, Bugge A, Ersball AK, Stodden DF, Andersen LB.
The longitudinal relationship between motor competence
and measures of fatness and fithess from childhood into
adolescence [in Portuguese]. J Pediatr.2019;95(4):482—
488; doi: 10.1016/j.jped.2018.02.010.

64. Peng P, Kievit RA. The development of academic achieve-
ment and cognitive abilities: a bidirectional perspective.
Child Dev Perspect. 2020;14(1):15-20; doi: 10.1111/
cdep.12352.

65. Abdelkarim O, Ammar A, Chtourou H, Wagnerd M, Kni-
sel E, Hokelmann A, et al. Relationship between motor
and cognitive learning abilities among primary school-
aged children. Alex J Med. 2017;53(4):325-331; doi:
10.1016/j.ajme.2016.12.004.


https://doi.org/10.5114/hpc.2020.97897
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2FJ006v26n01_02
https://dx.doi.org/10.1371%2Fjournal.pone.0176556
https://dx.doi.org/10.3389%2Ffpsyg.2015.00787
https://dx.doi.org/10.3389%2Ffpsyg.2015.00787
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fcdep.12352
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fcdep.12352
https://doi.org/10.1016/j.ajme.2016.12.004

