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Purpose: Research shows an atypical cognitive process in children with nonverbal learning

disorder (NLD) compared to typically developing children, but a wealth of information

indicates that physical activity can influence cognitive processes. However, little is known

about the effects of perceptual-motor training and its impact on the cognitive process of

children with NLD. Thus, the major goals of this study are to compare the executive

functions (EFs) in children with NLD with typically developing children and then to

investigate the effect of perceptual-motor training on EFs of children with NLD.

Methods: To achieve the first goal, 400 typically developing (IQ >80) and NLD children

(7–13 years old) were randomly selected in the city of Mashhad, Iran, during the period

2017–2018. As for the second goal, 50 children with NLD were randomly assigned to an

experimental or control group. To evaluate executive functions, Delis–Kaplan executive

function system test was used at the pretest, posttest, and 3-month follow-up. The experi-

mental group received the Werner and Reini’s perceptual-motor training program in sixteen

45-min sessions (three sessions per week), but the control group did not receive any

intervention.

Results: The results showed that children with NLD were significantly weaker than typically

developing children in London Tower Test (t (38) = −4.662, p <0.01), Trail Making Test (t

(33.926) = −3.11, p <0.01), Card Sorting Test (t (38) = −3.427, p <0.01), and Stroop Color

Test (t (30.035) = −5.876, p <0.01). The Pilates training had an obvious effect on enhancing

the performance of participants in the experimental group (p<0.001), but similar results were

not observed in the control group.

Conclusion: Children with NLD have problems in EFs, but perceptual-motor training can

be used as an effective intervention for these children.

Keywords: physical activity, cognitive processing, executive function, nonverbal learning

disorder

Introduction
Non-verbal Learning Disorder (NLD), which is considered as a neurodevelopmental

disorder by the International Classification System,1,2 refers to the disrupted processing

of non-verbal information, especially in solving mathematical problems.3 The math

learning disabilities usually giving rise to a plethora of problems related to conceptual

understanding, counting sequences, symbol system of written numbers, math language,

basic number facts, procedural steps of computation, application of arithmetic skills, and

problem solving.4 Many reasons have been presented to explain problems of children

Correspondence: Razieh Khosrorad
Department of Health Education,
Educational Neuroscience Research
Center, Sabzevar University of Medical
Sciences, Sabzevar, Iran
Tel +98 930 668 1173
Fax +98 51 4401 8424
Email khosroradr@medsab.ac.ir

Neuropsychiatric Disease and Treatment Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Neuropsychiatric Disease and Treatment 2020:16 1129–1137 1129

http://doi.org/10.2147/NDT.S252662

DovePress © 2020 Soltani Kouhbanani et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


with NLD, but most of studies have highlighted the role of

executive functions (EFs) as one of the key aspects of NLD

difficulties.5

EFs are cognitive-regulatory processes that support

targeted thoughts and behaviors in two main brain

networks.6 EF processes include planning, cognitive flex-

ibility, problem-solving, reasoning functions, and working

memory.7 Working memory is a system that integrates

sub-systems and functions of short-term and long-term

memory.8 Cognitive flexibility is another main component

of EFs characterized by lagging behind, repetitive move-

ments, difficulty in adjustment of motor activities and

inability to regulate thoughts and actions in response to

environmental changes.9 One important aspect of EFs is

problem-solving, which is concerned with processes that

facilitate the selection of appropriate responses to over-

come barriers and reach a desirable position.10 These basic

EF skills encompass “the cognitive system,” which con-

trols and manages other cognitive process such as aca-

demic achievements at school.11 Given the important role

of EFs in school achievements, they have received con-

siderable attention. Many correlational studies have

demonstrated the relationship between EFs and achieve-

ments in reading, writing, and mathematics in typically

developing children.8,12,13 In addition, both cross-sectional

and longitudinal correlation studies have demonstrated that

EFs are significantly correlated with academic achieve-

ments, and physical activity in children.14–16 What we

know about EFs in healthy children is based on correla-

tional studies about EFs and school achievements, which

have highlighted the need for designing intervention meth-

ods to affect EFs in children with NLD. Recently, growing

attention has been paid to the effect of physical activities

on EFs. Traditionally, it is believed that cardiovascular

physical activities wield a positive effect on EFs in typi-

cally developing children due to structural and chemical

changes induced in the central nervous system.14,17

Cardiovascular physical activities represent the quantita-

tive aspect of physical activity that chiefly focus on heart

rate changes, duration and intensity of training in each

training session, while the qualitative aspect of training is

characterized with coordinative demands and cognitive

engagement that place a premium on perception-motor

activities like bimanual coordination and eye-hand/foot

coordination. Koutsandreou et al (2016) have reported

that 10 weeks of an afterschool perceptual-motor training

exercise regimen containing three 45-min sessions of phy-

sical activities per week has a positive effect on working

memory in typically developing children compared to

a simple cardiovascular training.17 Similarly, Beck et al

found that 6 weeks of fine and gross motor training had

a significant effect on arithmetic performance of healthy

children.18 It is generally acknowledged that motor exer-

cises consisting of gross and fine motor activities are

basically perceptual-motor activities that influence the

cognitive process of central nervous system.19 Research

shows that the significant effect of perceptual-motor train-

ing on cognitive processes is related to brain electrophy-

siological measures, including increased amplitudes and

shorter latencies of P3 event relate to potential component,

which demonstrate a more efficient and faster cognitive

processing.18

However, according to above studies, cognitively chal-

lenging physical activities have a greater effect on EFs in

healthy children than the cardiovascular physical training.

There is ongoing debate about the best strategies to

improve EFs in children with NLD and the types of

cognitively demanding exercises have not been precisely

determined. To date, this method has not been used for

children with NLD. In view of this, this study attempts to

explore the effectiveness of perceptual-motor intervention

in children with NLD. In particular, this study sets out to

compare EFs in healthy children with NLD, and investi-

gates the effect of perceptual-motor training on EFs in

children with NLD. It is hypothesized that measures of

EFs will be improved in participants in the motor- percep-

tual group at the post-test and follow-up.

Materials and Methods
Participants
First phase: 400 children (200 children with NLD and 200

typically developing children) participated in this study.

Children with NLD who met the following criteria were

included in the study: 1) at least two subtests on Wechsler

Intelligence Scale for Children (WISC), vocabulary, simila-

rities, and information, obtaining the highest result, which

shows reading skills superior to the mathematical achieve-

ment; 2) at least two of WISC subtests – block design, object

assembly, and coding – earning the lowest results, which is

indicative of deficit in the visuospatial working memory;2 3)

a verbal intelligence quotient (VIQ) at least 10 points higher

than the performance intelligence quotient (PIQ) on WISC;

4) less than two errors on simple tactile perception and

suppression vs finger agnosia and finger dysgraphesthesia,

as well as an astereognosis composite greater than 1 standard
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deviation below the mean; 5) grip strength within or above

one standard deviation of the mean vs Grooved Pegboard

test; 6) Progressive decline of right, left, and both hands in

Tactual Performance Test; and 7) obtaining a Wide Range

Achievement Test’s standard score in reading at least 8 points

higher than standard score of arithmetic. While five or six of

these traits suggest the probability of NLD in older children

(9–15 years old), in younger children (7–8 years old), three

criteria are sufficient to confirm the diagnosis. Accordingly,

200 children diagnosed with NLD, including 96 females and

104 males (7–13 years of age, a mean age of 10.6 years) were

selected for the study. We decided to study children in this

age range as most of previous research has explored EFs at

this age group. Further, it is postulated that brain develop-

ment is greater at this age, and can exert a sizable effect on

the cognitive level.20 Exclusion criteria for the NLD group

consisted of a diagnosis of Attention Deficit/Hyper Activity

Disorder (indicated by scores below 14 and 22 for females

and males on ADHD rating scale, respectively), high func-

tion autism disorder (defined by Autism Diagnostic

Observation Schedule (ADOS), Autism Diagnostic

Interview (ADI-R), and full IQ > 80), seizure and fragile X.

Also, 200 participants who shared the same chronolo-

gical age and sex (100 females and 100 males, aged 7–13

with a mean age of 10.4 years) were enrolled in the study

as the typically developing control group. We selected

typically developing children from the city of Mashhad

via e-mail and advertisement throughout the city. The

children that exhibited symptoms of ADHD, had

a history of academic or psychiatric difficulties, or were

on psychiatric medications (as reported by parents), were

excluded from the study. Only children whose cognitive

functioning was close to or above the average range,

assessed by Wechsler Abbreviated Scale of Intelligence,

or had high performance on IQ scale were included in this

study.21 None of the children participating in this study

used any prescribed medications that affected motor func-

tions (eg, Risperdal), or reported a history of head injury

or organic brain disorder.

Second phase: To examine the effect of intervention on

EFs, 50 children with NLD (25males, aged 7–13 years, mean

(M) =10.67, SD = 0.542 as well as 25 females, aged 7–13

years, M=10.37, SD = 0.463) were selected from the first

phase of the study. The children with NLD were assigned

randomly to the experimental (13 males, aged 7–13 years,

M = 10.43, SD = 0.46 as well as 12 females, aged 7–13 years,

(M) = 10.56, SD = 0.42) and control groups (11 males, aged

7–13 years, M=10.37, SD=0.42 and 14 females, aged 7–13

years, M=10.61, SD=0.34). Participants were controlled for

age, gender and intelligence quotient. Demographic informa-

tion is shown in Table 1.

Materials
Delis–Kaplan Executive Function System

It is a valid instrument used to evaluate critical components of

EFs in childhood and adolescence. As a neuropsychological

test, it measures verbal and non-verbal EFs in children and

adults aged 9 to 90 years. This test is used to assess variables

of working memory, response inhibition, cognitive flexibility

and problem-solving. It consists of 9 subtests that measure

each component of EFs, but we used only 4 subtests to assess

the non-verbal aspect of EFs. The first subscale is London

Tower Test that measures planning and inhibition by manip-

ulating prefabricated building blocks to develop a specific

program in accordance with a set of instructions.7

The second subscale is the Trail Making Test that assesses

cognitive flexibility and visuospatial working memory. The

third subscale is the Stroop Color Test that evaluates response

inhibition. The Stroop card contains three phases where parti-

cipants need to name the color in Phase 1, read the printed

color in Phase 2, and detect the color of the printed ink in

Phase 3. The fourth subscale is Card Sorting that tests set-

shifting. In this test, the examiner asks children to arrange

cards into three possible groups (shapes, colors, or numbers)

and identify sorting rules after a certain number of

arrangements.22

Procedure
This study was approved by the Review Board of Ferdowsi

University of Mashhad (IR.UM.REC. 1398.149). The study

was conducted in compliance with the principles of the

Declaration of Helsinki.

The First Phase of the Study

This phase involved a pretest and a posttest with two groups

(typically developing children and children with NLD) with

Table 1 Characteristics of Study Participants are Stated as

Means (Standard Deviations)

Experimental Group Control Group

Age (years) 10.49 ± 0.44 10.79 ± 0.38

IQ score 95.6 ± 8.3 93.5 ± 7.4

Sex Boy = 13

Girl = 12

Boy = 11

Girl = 14
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identical age and IQ score. We made an appointment with

parents of participants, during which the goals and protocols

of the study were explained. Awritten informed consent was

obtained from parents and the participants, if they were old

enough to read and sign the consent form. Also, they were

informed that they could withdraw from the study at any

stage. We also explained the goals and procedure of the

study to participants. Then, we performed Wechsler intelli-

gence test. To evaluate EFs, we used Delis–Kaplan

Executive Functions System.23 This test was conducted in

a quiet room in a psychology institute in Mashhad.

The Second Phase of Study

The second phase of the study involved a pretest, 16

sessions of training, a posttest, and a three-month follow-

up, with one experimental and one control group. Fifty

children with NLD were randomly selected from the first

phase of the study. Parents were invited to an orientation

session that described the goals and protocols of

the second phase of the study. Then, a written consent

form along with the child assent for participation in the

study was gathered from parents. They were also given

assurance regarding the possibility of withdrawing from

research at any time. A random assignment was completed

to determine the experimental and control groups. The

control group did not receive any physical training, while

experimental group participated in Werner and Reini’s

perceptual-motor training for sixteen 45-min sessions that

were held three times a week. Posttest assessment was

conducted at the end of the intervention sessions. Follow-

up assessments were carried out 3 months after the inter-

vention. In addition to the intervention, both experimental

and control groups received routine care in their institu-

tion. The routine care consisted of services such as an

educational program that were not part of the study.

Thus, the control group represented as a passive group.

After data were collected from the posttest and follow-up,

identical intervention was presented to the control group.

Perceptual-Motor Training
The perceptual-motor skills training is a cognitively challen-

ging exercise based on theWerner-Reini’s training program,24

which was conducted for the experimental group. It consisted

of sixteen 45-min sessions over a 6-week period (three ses-

sions per week). Three motor skill instructors with at least 5

years of experience in working with children conducted the

intervention program. Before the perceptual-motor training

intervention, the goals of the study were explained to

instructors in a briefing session. All participants in the experi-

mental group attended the group training session in the morn-

ing (10–11 am). The intervention was performed in a gym

equipped with balance ladders, mats, balls, tubs, mirrors, and

a white board. Also, some necessary materials such as sand,

clay and finger color, puzzle, paper, balloon, and handy bubble

makers were brought to the gym. All children had their own

space and equipment during the intervention.

Intervention plans were developed based on key elements

of perceptual-motor skills. It aimed to develop balance, tone

awareness, space awareness, shape perception, visual and

auditory perceptions, kinesthetic-tactile perception, and eye-

hand/foot coordination. Each intervention sessions com-

menced with some warm-up activities and games such as

jumping and tagging for about 10 min. Children were ran-

domly assigned to three stations with one instructor per

station. Each station’s activities lasted for 15 min. Then,

children were switched to a different station. Overall, chil-

dren spent 45 min on the perceptual-motor training. The

intervention sessions were ended by cool-down activities

such as stretching for about 5 min. Table 2 shows the percep-

tual-motor activities performed in each session as well as the

objectives of each session.

Data Analysis

The descriptive statistics used in data analysis consisted of

means (M) and standard deviations (SD) of both groups.

To compare the difference between typically developing

children and children with NLD, the independent t-test

was employed. The effect of perceptual-motor intervention

on dependent variables was evaluated using repeated mea-

sures ANCOVA, and MANCOVA. Age and intelligence

were considered as covariates to control their effects on

dependent variables. We also checked typical assumptions

of ANCOVA, and MANCOVA tests including normality

and homogeneity of variance using Boxplot and Q-Q plot

(residuals vs fitted values). The Bonferroni’s post hoc test

was used to detect inter-group differences at different

times. The analyses were performed using SPSS 25 soft-

ware, and a significance level of p < 0.05 was considered.

Results
Comparison of EFs in Typically

Developing Children and Children with

NLD
Table 3 shows the descriptive information of EFs for

children with NLD and typically developing children.
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The results of independent t-test (Table 4) showed

a significant difference between typically developing chil-

dren and children with NLD with respect to London Tower

Test at the significance level of 0.99 (t (286.05) = −17.96,

p < 0.001). According to the descriptive indicators, typically

developing children excelled at the London Tower Test (M =

−17.002). The results of independent t-test for the Trail

Making Test revealed a significant difference between typi-

cally developing children and children with NLD scores at

a significance level of 0.99 (t (398) = −20.51, p<0.001).

With regard to the descriptive indices, we observed that

students in the typically developing group gained higher

scores on the Trail Making Test (M = −76/17).
Besides, the results of independent t-test exhibited

a significant difference between the scores of typically devel-

oping children and children with NLD in Card Sorting Test at

a significance level of 0.99 (t (335.32) = −17.96, p < 0.001).

As for the descriptive indicators, it can be seen that students in

the typically developing group obtained higher scores on the

Card Sorting Test (M = −11.10). The results of independent

t-test exhibited a significant difference between typically

developing children and children with NLD with respect to

performance on Stroop Color Test at a significance level of

0.99 (t (398) = −27.22, p < 0.001). According to the descrip-

tive indices, typically developing children gained higher

scores on the Stroop Color Test (M = −0.49).

The Effect of Intervention on EFs in

Children with NLD
Table 5 shows descriptive statistics of EF tasks for each

group at different stages of the study.

We used a 3 (time: pretest, posttest, and follow-up) * 2

(groups: experimental and control) repeatedmeasures analysis

of covariance (MANCOVA) to evaluate each participant’s

function on London Tower Test, Trail Making Test, Card

Table 2 Exercise Training in Each Session of Intervention

Sessions Title Descriptions

1–2 Balancing training and related

exercises

1- Balance puzzles 2- Balance rod

3- Balance board 4- Skipping

board 5- Rolling board 6-

Spinning board 7- Large tube 8-

Rower board 9- Walking on

canned cans 10- Stepping ladder

3–4 Tones of awareness training,

body parts’ role and related

exercises

1- Deleting pipes in the form of

human 2- Human puzzle 3-

Drawing body parts 4- Felt board

with right and left-hand drawings

5- Obeying left-hand commands

on the right foot and vice versa

6- Mirror and blackboard

5–6 Space awareness training and

related exercises

1- Reading flow chart and

arrows 2- Floor covering block

3- Similarities and differences

puzzle 4- Finding directions 5-

Following directions 6- Bending

and balancing on geometric

shapes 7- Nail boards

7–8 Perception of shape training

and related exercises

1- Geometric barriers 2- Sand,

Clay, and painting with fingers

3- Molds 4- Shape, letters, and

number dominoes 5- Puzzles 6-

Field shaped exercises 7-

Design and color games 8-

Tangrams

9–10 Visual perception training and

related exercises

1- Tracking marbles 2- Pendant

ball 3- Timer 4- Rotation eyes

5- Spotlight 6- Maze 7- What is

forgotten 8- Stabilization

exercises 9-Visual memory

exercises 10-Threads 11-

Sharp-eye game 12- Hidden

pictures

11–12 Auditory perception training

and related exercises

1- Audible tape 2- Knocking,

clapping and snapping 3-

Prediction 4- Making a sentence

by adding a word to other

words 5- Storytelling and

repeating some parts 6- Stating

the opposite sentences 7-

Bubble exercise

13–14 Kinesthetic-tactile perception

training and related exercises

1- Skin sensation 2- Clay and

finger coloring 3- Tactile boxes

4- Playing dough with closed

eyes 5- Estimating games

15–16 Eye and hand coordination,

eye and leg coordination, fine

motor movements and related

exercises

1- Wooden rectangular rods 2-

Round rods 3- Depth

perception board 4- Detection

by touch 5- Assembled rockets,

6- Turning ring 7- Balloon 8-

Making bubbles 9- Candle and

sprinkler gun 10- Bolt nuts 11-

Paper and pencil exercises

Table 3 Descriptive Information on EFs in Each Group

Groups

Children with

NLD (n=200)

Typically

Developing

Children (n=200)

Mean St.D. Mean St.D.

London Tower Test 23.78 12.01 40.79 5.84

Trail Making Test 17.62 8.57 35.39 8.75

Card Sorting Test 7.43 5.04 11.05 3.13

Stroop Color Test 32.20 12.53 47.55 9.68
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Sorting Test, and Stroop Color Test. According to the results,

the main stage effect (F (2, 58) = 44.07, p < 0.001, ŋ2 = 0.2) was

significant and London Tower scores in the posttest and fol-

low-up were significantly higher than the pretest. Also, the

main group effect (F (1, 58) = 48.68, p = 0.004, ŋ2 = 0.6) was

found to be significant. The results of post hoc comparisons

exhibited that experimental group outperformed the control

group in London Tower tasks. In addition, stage and group

interactions were significant (F (1, 58) = 53.95, p < 0.001,

ŋ2 = 0.4). Although training had a prominent effect on improv-

ing performance in the experiment group (p < 0.001), compar-

able results were not observed in the control group. Also, the

results of Trail Making tasks illustrated that the main stage

effect (F (2, 58) = 9.32, p = 0.005, ŋ2 = 0.6) was significant and

Trail Making scores were significantly higher in the posttest

and follow-up than in the pretest. Moreover, the main group

effect (F (1, 58) = 8.34, p = 0.01, ŋ2 = 0.6) was found to be

significant. The results of post hoc comparisons revealed that

the experimental group excelled the control group in Trail

Making tasks. In addition, stage and group interactions were

significant (F (1, 58) = 6.61, p = 0.016, ŋ2 = 0.5). Although

training had a remarkable effect on boosting the performance

of participants in the experiment group (p < 0.001), compar-

able results were not observed in the control group.

According to the results of Card sorting tasks, the main

stage effect (F (2, 58) = 28.24, p < 0.001, ŋ2 = 0.1) was

significant, and Card sorting scores in posttest and follow-

up were significantly higher than the pretest. Also, the

main group effect (F (1, 58) = 13.59, p = 0.002, ŋ2 = 0.6)

was significant. The results of post hoc comparisons

suggested that the experimental group outperformed con-

trol group in Card Sorting tasks. In addition, stage and

group interactions were significant (F (1, 58) = 23.82,

p<0.001, ŋ2 = 0.5). Although training had an obvious

effect on enhancing the performance of participants in

the experiment group (p<0.001), similar results were not

observed in the control group. According to the results of

Stroop Color tasks, the main stage effect (F (2, 58) = 41.93,

p<0.001, ŋ2 = 0.03) was significant and Stroop Color

scores in the posttest and follow-up were significantly

higher than the pretest. Also, the main group effect (F (1,

58)=45.62, p = 0.004, ŋ2 = 0.3) was significant. The results

of post hoc comparisons demonstrated that the experimen-

tal group outstripped the control group in Stroop Color

tasks. In addition, stage and group interactions were sig-

nificant (F (1, 58) = 48.42, p<0.001, ŋ2 = 0.1). Although

training wielded a significant effect on improving the

performance of participants in the experiment group (p <

0.001), comparable results were not observed in the con-

trol group.

Discussion
This study was conducted to compare EFs in two groups of

typically developing children and children with NLD. We

also examined whether perceptual-motor intervention pro-

duced any effect on planning, inhibition, cognitive flexibility,

switching attention of children with NLD. The results man-

ifested that children with NLD had weaker EFs in all

domains of planning, inhibition, cognitive flexibility, switch-

ing attention compared to typically developing children.

These findings align well with literature in this field. NLD

is a neurodevelopmental disorder that affects cognitive func-

tions like spatial and abstract processing, which are primarily

located in the right brain hemisphere.25,26 The results demon-

strated the slower responses of participants in the NLD group

in classifying space (for a visual object or sound frequency

change) in comparison with the control group. This suggests

that individuals with NLD have difficulty in spatial

Table 4 The Results of t-Test for the Difference of Students in

Study Variables

Variables Mean Differences df T value P-value

London Tower Test −17.002 286.05 −17.96 < 0.001

Trail Making Test −17.760 398 −20.51 < 0.001

Card Sorting Test −11.102 335.32 −17.69 < 0.001

Stroop Color Test −9.042 398 −27.22 < 0.001

Table 5 Descriptive Statistics of EF Tasks

Experimental Group (n = 25) Control Group (n = 25)

Pretest Posttest Follow-Up Pretest Posttest Follow-Up

London Tower Test 23.78 ± 12.01 30.64 ± 8.32 29.47 ± 9.45 24.68 ± 11.64 25.87 ± 9.65 25.42 ± 7.31

Trail Making Test 17.62 ± 8.57 27.64 ± 5.35 24.54 ± 7.64 16.56 ± 6.76 17.97 ± 6.93 16.59 ± 5.63

Card Sorting Test 7.43 ± 5.04 10.02 ± 4.8 9.86 ± 5.64 7.59 ± 4.67 8.01 ± 5.23 7.65 ± 8.63

Stroop Color Test 32.20 ± 12.53 41.34 ± 9.64 28.75 ± 8.43 33.65 ± 9.67 32.49 ± 11.56 32.69 ± 9.87
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processing.27 Neural networks involved in controlling activ-

ities are primarily located in the frontal area of the brain.

These children are postulated to suffer from neurodevelop-

mental disorders that may be induced by delayed frontal

development.28 The importance of white matter connections

in left and right hemispheres in behavioral and cognitive

deficits of individuals with NLD disorders is important.29

In fact, EF skills are concerned with the performance of the

cognitive-motor external coordinator associated with the

frontal or lateral parts of the forehead, which are coordinated

with other neural circuits. As a result, targeted behaviors are

executed in a planned, flexible, relevant, timely, and appro-

priate manner.30 Also, experimental and clinical studies offer

evidence that cerebellum plays various roles during develop-

ment including sequencing purposes, behavioral aspects,

and EFs.

As for the perceptual-motor training, our results exhib-

ited improvement in all aspects of EFs in the experimental

group compared to the control group. This results are

aligned with those reported in earlier studies on typically

developing children. Beck et al revealed that fine and gross

motor enrichment has a positive effect on mathematical

problem solving in typically developing children.

Similarly, our results showed that perceptual motor activ-

ity containing fine and gross motor training could improve

EFs in children with NLD. In addition, these findings

support the idea that cognitively demanding physical exer-

cises can improve cognitive processing.17 The motor-

cognition connection is reinforced by the engagement of

neural regions during motor tasks, which are classically

pertained to cognitive functions.17 Training EFs through

motor tasks generates positive changes in EFs, which

could be linked to the growth of prefrontal and parietal

activity. Serrien et al and Olesen et al demonstrated that

identical brain regions seem to be engaged in both com-

plex motor tasks and EFs tasks.31 Additionally, this posi-

tive effect may be linked to electrophysiological measures

of the brain, including increased amplitude and shorter

latency of the P3 event-related potentials (ERPs) compo-

nent, which exhibit more efficient and faster cognitive

processing.32 Accordingly, perceptual – motor activities

seem to be effective physical activities in reinforcing

attention, which is critical to the reinforcement of short

and long-term memory due to the role of cerebellum and

frontal lobe in perceptual motor tasks and cognition.33

Moreover, according to the embodied cognition theory,

cognitive processing is grounded in bodily experience.

According to this perspective, cognition is a product of

brain, body, and environmental interactions when individuals

engage in an action. Hence, it may vary by changing the

activity. Cognitively demanding motor tasks can alter EFs

and consequently learning. The results are in agreement with

those reported by Picard and Strick (1996) according to

which cognitively demanding motor tasks co-vary with the

pattern of brain activation, and therefore the extent of infor-

mation processing.34 A greater cognitive demand for motor

tasks requires more prefrontal and cerebellum activities dur-

ing perceptual motor training task.31 Thus, it seems that this

type of motor training requires more diversified frontal-

dependent cognitive processes.

Conclusion
In conclusion, our results support the effect of percep-

tual-motor training on EFs in children with NLD. Given

the improvement of EFs and its lasting effect in children

with NLD (about 3 months), it seems that conducting

perceptual-motor trainings can improve cognitive pro-

cesses. Overall, the main strength of this study lies in

the ecological value of its design, which involves the

selection of participants from all over the city.

Moreover, since a regular teacher and framework were

used for students during the intervention, these factors

are unlikely to have influenced the results. In addition,

the results exhibited the lasting effect of intervention,

which persisted for about 3 months after the intervention.

The present study had a number of limitations that should

be noted. We had a passive control group in our study

that did not participate in any physical activities.

Accordingly, we suggest future studies to compare an

active control group that do cardiovascular trainings or

any other kind of physical training, so that perceptual-

motor training could be compared to other kind of phy-

sical exercise. Also, it is suggested that future studies

assess the neural aspect of perceptual motor training

effect like brain event-related potentials after the inter-

vention to confirm the neural effect of perceptual-motor

training on EF.
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