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Background: This study aimed to investigate the effects of table tennis training (TTT) versus 

standard occupational therapy (SOT) on visual perception and executive functions in school-age 

children with mild intellectual disabilities and borderline intellectual functioning.

Subjects and methods: Children (n=91) were randomly assigned to intervention with 

either SOT (n=46, 20 females, mean age =10.9±3.9 years) or TTT (n=45, 21 females, mean 

age =10.6±3.6 years), while another 41 (18 females, mean age =10.7±4.0 years) served as con-

trols. Both the SOT and TTT programs were administered 60 minutes per session, three times 

a week, for 16 weeks. The Test of Visual Perceptual Skill–third edition (TVPS-3) was used 

to evaluate visual perception, and executive functions were assessed by the Wisconsin Card 

Sorting Test 64-card version (WCST-64) and the Stroop test.

Results: At postintervention, the two intervention groups significantly outperformed the control 

group on all measures of visual perception and executive functions. Participants in the TTT 

group had significantly greater before–after changes on all measures of the TVPS-3, WCST-64, 

and the Stroop test compared to the SOT and controls.

Conclusion: Table tennis could be considered a therapy option while treating cognitive/

perceptual problems in children with mild intellectual disabilities and borderline intellectual 

functioning. Implications for clinical professionals and recommendations for further research 

are discussed.
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Introduction
In addition to significant limitations in intellectual functioning and adaptive behaviors, 

children with intellectual disabilities (IDs) are also characterized by delay of motor-

milestone attainments, impairments of sensory modulation, and deficits in cognitive–

perceptual–motor (CPM) functions.1,2 Around 60% of school-age children with ID are 

mild ID or borderline intellectual functioning (MID/BIF). CPM deficits are common in 

these children, and have a profound impact on their ability to perform age-appropriate 

self-care and academic tasks.3,4 CPM functions encompass a mixture of cognition 

(eg, executive functions), perception (eg, visual perception), and motor functions, 

as well as implicit knowledge of the reciprocal interaction between somatosensation 

and kinesthetically perceived information.1,5 There is no consensus concerning the 

definition of executive functions. Kozial and Lutz6 defined executive function in a 

simple way: 
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… as the functions an organism employs to act indepen-

dently in its own best interest as a whole, at any point in 

time, for the purpose for survival. 

It is featured as a process that is evident at both automatic 

and higher-order control behaviors. Among the executive 

functions, deficits in action planning, shifting between cog-

nitive strategies, and purposeful behavior regulation have 

been commonly observed in children with ID.7–10 Impair-

ments in executive functions have been reported in MID/

BIF as well.11

Children with MID/BIF experience difficulties in various 

visual–perceptual functions, which have implications for a 

variety of tasks requiring gross or fine motor control, and 

visual–motor integration.2,12,13 Previous study results have 

shown that individuals with ID have deficits in the following 

visual–perceptual functions: mental rotation ability,14 visual 

organization ability,13 figure–ground and visual imagery 

abilities,15 and visuospatial memory.16

The deficits on the cognitive and motor domains are 

interrelated, and the impaired cognitive functions in chil-

dren appear to be related to their physical performance and 

activity.2,17,18 Motor development in childhood generates 

procedural and declarative knowledge for the development 

of executive function.6 As a result, early interventions to 

boost the cognitive and perceptual functions through motor-

oriented interventions are recommended.19 Previous studies 

have demonstrated that moderate physical activity (exercises) 

and complex motor learning increase the expressions of 

neurotrophins (eg, BDNF) in the cerebellum, motor cortex, 

and task-related areas.20 Different dimensions of cognitive 

performance, such as processing speed, planning and con-

trol strategies, and working memory, could be improved by 

physical exercise and regular physical activity.21,22 As well, 

exercise-centered interventions have been proven to be 

advantageous in enhancing visual–perceptual functions in 

children with various developmental disabilities.23–25

Table tennis is a racket sport that requires functional pair-

ing between perceptual and action modalities under different 

spatial and temporal demands.26 Table tennis training (TTT) 

programs include complex motor-skill learning (eg, juggling 

or ball skills), numerous repetition (practice), and multisen-

sory feedbacks, and all these features can foster the emer-

gence of neural plasticity and executive functioning.24,27 TTT 

has been also applied in individuals with disabilities, and 

studies have lent support to its effectiveness in enhancing 

motor proficiencies,17 physiological outcome,28 praxis skills,24 

and psychosocial status.29

Health and functioning interact with and influence 

activities and participation based on the International Clas-

sification Framework for Children and Youth.30,31 Enhancing 

functional abilities (eg, visual perception, executive functions) 

that could increase activity participation and independence 

has always been the main goal of occupational therapists 

working with ID.13 However, impairments in executive 

functions and visual perception in ID are seldom treated 

compared to their sensorimotor problems.32 Table tennis is a 

compulsory part of the school physical education curriculum 

in Taiwan; therefore, TTT could be beneficial in facilitating 

students with MID/BIF integrate into the mainstream school 

setting through participation in racket/bat sports with typi-

cally developing peers.33 Nevertheless, TTT has seldom been 

considered a therapeutic activity for individuals with ID, due 

to the limitations of their cognitive and motor competences, 

such as delayed response and slower movements.34,35

We tested the following hypotheses derived from clini-

cal experiences with CPM treatment techniques in children 

with MID/BIF aged 6–12 years. Both the TTT and standard 

occupational therapy (SOT) were delivered as training pro-

grams. First, the TTT has therapeutic effects on improving 

visual–perceptual and executive functions. Second, the larg-

est treatment effect of both visual perception and executive 

functions can be seen in TTT groups comparing to the SOT 

or control groups.

Subjects and methods
Participants
The inclusion criteria were age 6–12 years, IQ of 55–85 

classified by the Wechsler Intelligence Scale for Children: 

Chinese Version (third edition),36 or MID or BIF classified 

by the social affairs bureau of the local city government. 

Participants were categorized into two clinical groups: 

MID (IQ of 55–70) and BIF (IQ of 71–85). Participants 

with associated cardiovascular conditions, blindness, deaf-

ness, or previous neurological impairments were excluded. 

Individuals who had received any physical or OT in the year 

preceding the study were also excluded. The sample did not 

include children with known genetic disorders (eg, Down 

syndrome, fragile X syndrome, Williams syndrome) or 

pediatric psychiatric-related illness (eg, ADHD, depression, 

anxiety, etc).

A total of 189 children with MID/BIF were recruited 

from three special schools and eleven regular schools in the 

Kaohsiung and Pingtung metropolitan areas. The parents/

caregivers were informed that their children would be ran-

domly assigned to different intervention groups: TTT or 
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SOT. The participants would not receive the intervention 

program if they were chosen for the control group during the 

study period. Of the 189 participants recruited, 24 (12.7%) 

were ineligible, and 30 (15.9%) refused to participate. Of the 

remaining 135 participants with ID, 65 (48%) were classified 

as having MID, and 70 (52%) as having BIF. Forty-one of the 

135 children (20 MID and 21 BIF) who had initially agreed 

to participate in the intervention but could not attend due to 

practical reasons (eg, time of the sessions) were assigned to 

the control group. All participants were right-handed, and 

they were not on any psychoactive medication.

instruments
study questionnaire
This study-specific questionnaire included child’s anthro-

pometric variables (weight and height), demographic data 

(age, sex), received medications, treatments, and paramedi-

cal therapies.

Test of Visual Perceptual skill – third edition
In the present study, the Test of Visual Perceptual Skill – 

third edition (TVPS-3)37 was used to evaluate the effective-

ness of the TTT on children with MID/BIF. The TVPS-3 

assesses visual perception for individuals aged 4–18 years 

in seven comprehensive domains: visual discrimination, 

visual memory, spatial relationship, visual form constancy, 

visual sequential memory, visual figure–ground, and visual 

closure. All seven subtests include two trial items and 16 

formal items, which are presented in multiple-choice formats. 

The test–retest reliability was 0.97 in healthy individual aged 

4–18 years participating in a standardization study.37 The 

TVPS-3 shows a moderately strong correlation (0.67) with 

a subtest of another similar test – the visual supplement of 

the Developmental Test of Visual-Motor Integration – in 

typically developing children.38,39

instruments used to measure executive functioning
short form of the Wisconsin card sorting Test
The short form of the Wisconsin Card Sorting Test 64-card 

version (WCST-64)40 was used in the present study to shorten 

the administration time for individuals with intellectual 

limitations. The WCST-64 was developed to assess abstract 

reasoning and the ability to shift cognitive strategies in 

response to changing environmental contingencies. Convinc-

ing evidence has supported the comparability of the standard 

WCST41 and WCST-64 in various populations, including 

neurologic and psychiatric samples.42,43 The following indices 

were examined: total number correct (TNC), perseverative 

responses (PR), perseverative errors (PE), nonperseverative 

errors (NPE), conceptual-level responses (CLR), and number 

of categories completed (NCC). Generalizability coefficients 

for the WCST-64 scores on 33 healthy adults averaged 0.74, 

and that should be regarded as demonstrating very good scale 

reliability.44 Empirical validation in children and adolescents 

has been established as well.40

stroop color–Word Test, children’s version
The Stroop Color–Word Test, children’s version45 is designed 

to measure the cognitive abilities associated with cognitive 

flexibility, resistance to interference from outside stimuli, 

creativity, and psychopathology that influence the indi-

vidual’s ability to cope with cognitive stress and process 

complex input. It is evident that the Stroop test is able to 

measure executive functions and is sensitive to the effects 

of exercise.46–48 Test–retest reliability coefficients with dif-

ferent stimuli are rather high (0.84–0.91) for the Stroop in 

45 healthy female adults.49 Significant correlates of Stroop 

with other measures of response inhibition in children with 

learning disabilities demonstrated good concurrent validity 

of the Stroop.50 Discriminant validity of the Stroop has also 

been verified in screening between subgroups of disruptive 

children.51

Procedures
Informed consent was obtained from the participants’ parents 

or guardians using consent forms approved by the Institu-

tional Review Board of Kaohsiung Medical University Hos-

pital. All participants had the tests of visual perception and 

executive functions measured by the TVPS-3, WCST-64, and 

Stroop twice (pretest and posttest). Three research assistants 

majoring in OT administered all the assessments to the chil-

dren according to standardized procedures provided by the 

appropriate test manuals. The examiners undertook an inten-

sive 1-day training session led by the principal investigator. 

During training, particular attention was drawn to the tests’ 

explicit nature, administration, and scoring. After completing 

training, each of the three therapists viewed the recording of 

the assessment of one child and scored it individually. High 

levels of interrater reliability with all three instruments were 

reached: 0.98, 0.90, and 0.97 for the TVPS-3, WCST-64, 

and Stroop, respectively. All evaluators were blind to the 

group assignment. Testing was conducted on an individual 

basis in quiet locations identified at the child’s respective 

school or OT unit. All tests were administered on weekday 

mornings and completed within 3 days. Trial items of each 

instrument were provided to help the participants familiarize 
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themselves with the tests. Test sessions lasted approximately 

90–120 minutes, with a suitable number of breaks to mini-

mize the effects of fatigue. The caregivers were required to 

keep a diary of the participants’ activities to avoid the learn-

ing effects of other related training programs or sports.

Training programs
Table tennis intervention
Intervention group 1 was enrolled in a 16-week TTT pro-

gram consisting of three 60-minute sessions per week. The 

intervention program was administered on an individual 

basis in a table tennis center located at the university. All the 

training courses were conducted by two graduate students 

(coaches) with occupational therapist’s licenses; they were 

also members of school table tennis teams. The personnel 

were supervised by a senior occupational therapist with 

expertise in working with children with ID and who was 

familiar with TTT. The procedure of each single training 

session had the following structure: a warm-up, the main 

part of TTT, playing table tennis with a coach, and cooling 

down at the end. Adopted from the previous TTT protocol 

developed for developmental coordination disorder,24 the 

main part of TTT was simplified and had four major compo-

nents: 1) serving (including how to apply topspin, sidespin, 

backspin, and no spin), 2) forehand bouncing, 3) backhand 

bouncing, and 4) continuously hitting back a ball 50 times, 

for which the interval, direction, and speed of the balls 

served by the coach were varied to provide different levels 

of complexity, delivered from the same end by the coach. 

The training intervention was implemented in a sequence 

of increasing difficulty where each component progressed 

from simple movement or practice to more complex varia-

tions. This approach was structured to achieve a particular 

type of training that was expected to relate to executive 

functions in general. The coach threw balls in three different 

colors (orange, white, black), and asked the participants to 

hit balls with the requested color in a random order. Since 

motor-imagery training is helpful in enhancing motor and 

cognitive skills,52,53 participants were taught to observe 

the movements of the coaches and mentally rehearse the 

• 

Figure 1 Participant flowchart.
Abbreviations: TTT, table tennis training; sOT, standard occupational therapy.

 
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
/ b

y 
13

7.
10

8.
70

.1
3 

on
 1

9-
Ja

n-
20

20
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2015:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2291

racket-sport intervention for intellectual disabilities

movements. Verbal and kinetic feedback (process-oriented 

feedback) was consistently provided to the participants to 

promote their learning.

standard occupational therapy
Intervention group 2 was enrolled in a 16-week SOT interven-

tion program consisting of three 60-minute sessions per week. 

Occupational therapists use different therapeutic activities 

to improve the visual–perceptual and executive functions in 

children with disabilities. The theoretical approaches that 

guide treatment of visual–perceptual skills are developmental 

and neurophysiologic models54 that included the neurode-

velopmental treatment (NDT) and perceptual motor (PM) 

approaches. Sensory integration (SI) approaches have often 

been used to improve the executive functions in children 

with MID/BIF.55 SOT comprises various activity combina-

tions incorporating the principles of the SI, NDT, and PM 

approaches. The SI program includes activities such as linear 

and circular swing, tactile perception, bilateral integration 

and sequencing, and equilibrium reactions for the purpose of 

presenting the child with opportunities for various sensory 

experiences.56 The NDT program involves activities such as 

developmental movement patterns and fine motor skills.57 

The PM program consists of fine and gross motor training. 

Unlike the NDT and SI approaches, no effort was made to 

control the degree or variety of sensory inputs in perform-

ing the PM training activities, nor were the inhibitory or 

facilitatory handling techniques directly incorporated into the 

PM program. The NDT, ST, and PM activities were evenly 

arranged during the intervention sessions.

Data analysis
SPSS 15.0 was used to analyze the data. To determine 

preintervention differences in test performance across three 

groups, multivariate analysis of variance (MANOVA) 

was applied, with preintervention test scores as dependent 

measures and group as a between-participants factor.  

A second MANOVA was conducted to investigate 

postintervention differences in test performance among 

groups. If the multivariate test indicated a significant group 

effect, follow-up univariate F-tests were performed with 

Scheffé post hoc comparisons.58 Follow-up univariate F-tests 

were performed accordingly. In light of the number of 

univariate analyses conducted, the α-level was set at 0.003 

(0.05/17 variables) for all follow-up analyses to maintain a 

family-wise error rate of 0.05. Paired t-tests were used to 

investigate the before-and-after intervention difference of 

each group. To quantify the magnitude of the postintervention 

difference between intervention and control groups, effect 

sizes were calculated as d= (treatment mean – control mean)/

standard deviation. As a guide to interpreting these values, 

Cohen59 labeled effect sizes of 0.2d0.5, 0.5d0.8, and 

d0.8 small, medium, and large, respectively. Effect sizes 

were again computed by dividing the mean change in a test 

score by the standard deviation of the test score at baseline 

to quantify the magnitude of change between pre- and 

postintervention test scores for each group.

Results
group comparability
Using a computer-generated random table, the other 94 children 

were randomly assigned to two equal-size intervention 

groups (Figure 1). Due to the low attendance rate (absence 

rate 50%), three children dropped out and 91 completed all 

treatment sessions and assessments (with 45 and 46 for the 

TTT and SOT groups, respectively). Sample demographics 

and anthropometric details are presented in Table 1, and 

all the attributes were evenly distributed among the three 

groups. The three groups did not differ significantly in age 

(F=0.13, P=0.88), height (F=6.63, P=0.62), weight (F=14.79, 

P=0.75), sex (χ2=2.84, P=0.09), or numbers of ID classifica-

tion (χ2=3.33, P=0.08). There was no significant difference 

Table 1 sample demographics

Demographic SOT (n=46) TTT (n=45) Control (n=41)

age, years (mean, sD) 10.9 3.9 10.6 3.6 10.7 4.0
IQ classification, n (%)

Mild iD 22 47 22 48 20 49
Borderline iD 24 53 23 52 21 51
height, m (mean, sD) 1.41 0.06 1.43 0.08 1.45 0.06
Body weight, kg (mean, sD) 46.8 9.9 47.2 10.2 48.2 9.3

Sex, n (%)
Female 20 43 21 46 18 45
Male 26 57 24 54 23 55

Abbreviations: sOT, standard occupational therapy; TTT, table tennis training; sD, standard deviation; iD, intellectual disability.
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between two of the three groups either. Before performing 

the MANOVA, Box’s M-test of equality of covariance 

matrices was conducted to test the assumptions of homo-

geneity of variance. Box’s M-test yielded a nonsignificant 

result (M=365.57, P=0.82); therefore, the assumption of 

homogeneity of variance–covariance matrices was supported. 

The MANOVA results demonstrated no significant overall 

group effect (Wilks’ λ=0.04, F
32,254

=122.33, P=0.07, partial 

η2=0.03). None of the univariate between-group comparisons 

for the TVPS-3, WCST-64, or Stroop was significant (all 

P0.01). In other words, there was no significant preinter-

vention difference in test scores between the control group 

and either of the intervention groups.

Postintervention differences between 
groups
In regard to the group differences in postintervention test 

performance, the results of MANOVA revealed a significant 

overall group effect (Wilks’ λ=0.04, F
32,254

=66.12, P0.01, 

partial η2=0.94). Three groups performed significantly dif-

ferent across test measures (Table 2). As shown in Table 3, 

the Scheffé multiple-comparison test showed that both the 

TTT and SOT groups had better performance on all measures 

than the controls, the TTT group outperformed the SOT 

group in spatial relationships (F=9.661, P=0.002), form con-

stancy (F=6.100, P=0.002), sequential memory (F=22.848, 

P=0.002), and figure–ground (F=10.464, P0.001) subtests 

and total scores (Table 3). There was no difference in visual 

discrimination (P=0.48), visual memory (P=0.51), or visual 

closure (P=0.66) between the TTT and SOT groups. On 

the WCST-64, the TTT group had better performance on 

all subtests than the SOT group (TNC, F=12.39, P0.001; 

PR, F=15.47, P0.001; PE, F=8.90, P0.001; NPE, 

F=4.10, P=0.002; CLR, F=10.19, P0.001; NCC, F=4.45, 

P=0.002). There were significant differences on the Stroop 

Color (F=10.63, P0.001) and Color–Word (F=77.37, 

P0.001) subtests between the two groups, and the TTT 

group performed better than the SOT group.

Effect sizes were provided to describe the magnitude 

of these between-group comparisons: SOT and TTT, SOT 

and control, and TTT and control (Table 3). Relative to 

the control group, large effect sizes were seen across all 

the measures for the TTT group. With regard to the SOT 

group, moderate-to-large effect sizes were achieved for 

all measures. Taken together, the SOT and TTT groups 

substantially outperformed the control group on most 

Table 2 summary of the postintervention standard scores for each group

Tests Group mean (SE) test scores F* Partial η2

SOT TTT Controls

TVPs-3
Dis 8.79 (0.97) 9.09 (0.90) 8.01 (1.10) 2.95 0.43
MeM 6.86 (0.72) 7.04 (0.79) 6.13 (0.68) 1.56 0.41
sPa 7.52 (0.83) 8.07 (1.04) 7.91 (1.08) 9.66 0.08
cON 3.71 (1.12) 4.23 (1.10) 3.02 (1.21) 6.10 0.35
seQ 5.25 (0.88) 5.95 (0.90) 4.52 (0.95) 17.10 1.04
Fgr 5.68 (0.86) 6.23 (0.95) 4.61 (0.90) 10.46 0.29
clO 3.57 (0.57) 3.55 (0.97) 2.88 (0.92) 8.28 0.10
Trc 41.38 (2.64) 44.29 (2.47) 37.08 (2.44) 36.31 0.25

WcsT-64

TNc (+) 37.38 (2.70) 38.88 (1.70) 34.12 (2.30) 12.39 0.40

Pr (-) 18.02 (1.82) 16.71 (1.68) 19.38 (4.18) 15.47 0.32

Pe (-) 17.75 (2.07) 16.54 (2.24) 18.12 (3.76) 8.90 0.38

NPe (-) 11.91 (1.93) 11.02 (2.68) 12.89 (2.22) 4.10 0.74

clr (+) 35.39 (0.82) 35.35 (2.59) 33.12 (2.77) 10.19 0.39

Ncc (+) 3.86 (0.92) 4.20 (0.77) 3.13 (1.98) 4.45 0.44

stroop

Word (-) 28.96 (1.32) 28.52 (2.16) 33.23 (3.33) 1.74 0.22

color (-) 42.16 (3.88) 40.02 (3.02) 45.98 (5.38) 10.63 0.29

color–Word (-) 77.93 (1.95) 73.79 (2.93) 80.71 (4.69) 77.37 0.41

Note: *Univariate F-test significant at the 0.003 level.
Abbreviations: se, standard error; sOT, standard occupational therapy; TTT, table tennis training; TVPs, Test of Visual Perceptual skill; Dis, visual discrimination; MeM, 
visual memory; SPA, spatial relationships; CON, form constancy; SEQ, sequential memory; FGR, figure–ground; CLO, visual closure; TRC, total raw score; WCST, Wisconsin 
card sorting Test; TNc, total number correct; Pr, perseverative responses; Pe, perseverative errors; NPe, nonperseverative errors; clr, conceptual-level responses; Ncc, 
number of categories completed.
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visual–perceptual and executive function measures at 

postintervention, and the TTT groups had larger effect sizes 

than the SOT groups.

Pre- and postintervention differences 
within groups
Results of paired t-tests indicated that both intervention 

groups had significant pre- and postintervention differ-

ences on all measures (all P0.01). There was no pre- and 

postintervention difference in the control group, except for 

the CLR index of the WCST-64. Estimates of effect size for 

each group are summarized in Table 4. Cohen’s d-values 

for most before-and-after comparisons in the TTT groups 

noticeably exceeded 0.8 (seven of eight items of the TVPS-3, 

four of six in WCST-64, and two of three in Stroop), thereby 

reflecting robust effect sizes. On the TVPS-3, Cohen’s 

d-values for two before-and-after comparisons (visual 

discrimination, total raw score) exceeded 0.8 (large effect 

size) in the SOT group, four (visual discrimination, visual 

memory, figure–ground, and total score) exceeded 0.5 (ie, 

medium effect size), and three exhibited small effect sizes 

(form constancy, sequential memory, and visual closure). 

SOT had small effect sizes in most WCST-64 (four of seven) 

and Stroop (two of three) subtests, with the exception of large 

effect sizes in TNC and CLR of WCST-64 and Color–Word 

of Stroop. Relative to either the TTT or the SOT group, the 

control group showed little or decreased gains on all the 

measures of visual perception and executive functions.

Discussion
Although scientific evidence has supported the benefits of 

TTT on motor performance and psychosocial functions,24 

studies regarding the effects of TTT in improving visual–

perceptual and executive functions in individuals with ID 

is still scant. A control group and a reference group for 

another intervention (SOT) participated in the current study 

to exclude whether the improvements seen over time are 

simply a maturation effect. Our main finding of this study 

was that both visual–perceptual and executive functions in 

school-age children with MID/BIF improved significantly 

after a 16-week TTT compared to the SOT and controls. The 

observed effect sizes were in the moderate-to-large range. 

The high attendance rate in TTT (45 of 47 [96%] completed 

all the treatment sessions) implies that TTT was able to tap 

into the child’s inner drive; therefore, the therapeutic effects 

and psychosocial benefits could be maximized through 

actively participating in the TTT activities. The TTT pro-

gram implemented in this study was feasible for school-age 

children with borderline-to-mild intellectual limitations.

Both the TTT and SOT groups had significant gains in 

visual–perceptual functions compared to the no-treatment 

control group. Of the two intervention groups, the TTT group 

demonstrated the largest increase in postintervention score 

on all TVPS-3 subtests. Significant improvement in visual–

perceptual functions may be accounted for by the features 

characterizing TTT. First, the four components (serving, 

forehand bouncing, backhand bouncing, and hitting a ball) 

of TTT are filled with spatial–temporal challenges where 

individuals need to discriminate the visual object, memorize 

the object and location, predict the upcoming visual cues, 

and adjust the spatial relationships.26 Second, in terms of 

motor control, TTT requires precise hand–eye coordination 

and perception–action coupling.26,60 The individuals also 

have to deal with the time latency necessary to adjust motor 

commands based on visual information. Therefore, visual–

perceptual functions contributing to visuomotor integration 

were improved as well.

Table 3 Post hoc scheffé multiple comparisons at postintervention

Test SOT-TTT SOT-control TTT-control

TVPs-3
Dis -0.18 2.03* 2.67*
MeM -0.22‡ 0.78† 1.34*
sPa -1.29* 0.75† 1.99*
cON -0.19 0.61† 1.09*
seQ -0.76† 0.56† 1.88*
Fgr -0.73† 0.92* 1.46*
clO -1.11* 0.58† 0.98*
Trc -1.01* 1.65* 2.35*

WcsT-64
TNc -2.81* 1.34* 1.17*
Pr 1.31* 0.84* 0.95*
Pe 0.99* 0.55† 0.99*
NPe 0.87* 0.67† 1.23*
clr -1.26* 0.73† 1.01*
Ncc -1.33* 0.66† 1.26*

stroop
Word 2.11* 0.66† 0.92*
color 0.26‡ 0.68† 1.24*
color–Word 1.87* 1.92* 1.99*

Notes: To quantify the magnitude of the difference between intervention and 
control groups at postintervention, effect sizes were calculated as d= (treatment 
mean – control mean)/sD. sD was calculated as the square root of the pooled 
estimate of population variance (sD2 = [N1 × sD12 + N2 × sD22]/[N1 + N2 – 2]).  
*cohen’s d-value 0.8 indicates a large effect size; †cohen’s d-value 0.5–0.8 
indicates a medium effect size; ‡cohen’s d-value 0.2–0.5 indicates a small effect 
size; P0.003.
Abbreviations: sOT, standard occupational therapy; TTT, table tennis training;  
TVPs, Test of Visual Perceptual skill; Dis, visual discrimination; MeM, visual memory; 
SPA, spatial relationships; CON, form constancy; SEQ, sequential memory; FGR, figure–
ground; clO, visual closure; Trc, total raw score; WcsT-64, Wisconsin card sorting 
Test 64-card version; TNc, total number correct; Pr, perseverative responses; Pe, 
perseverative errors; NPe, nonperseverative errors; clr, conceptual-level responses; 
Ncc, number of categories completed; sD, standard deviation.
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The study revealed that both the WCST-64 and Stroop 

subindices were significantly improved after interventions, 

whereas greater influence was found in those performances 

in the TTT group. Success with skilled interceptive tasks 

relies upon sophisticated higher-level motor planning and 

online motor control.61,62 The context-specific visuomotor 

transformations of the TTT influence motor planning and 

movement execution for complex motor skills. Repetitive 

intensive training, random practice, and the observation 

of others were often used in the TTT intervention. These 

motor-learning strategies have been reported to be effective 

in facilitating brain plasticity of children that engage the 

mirror-neuron system, including areas of the frontal, parietal, 

and temporal lobes in the human brain.63,64 The hippocampal 

system and basal ganglia are also active during conditional 

and complex motor learning.65 Children may benefit more 

from exercise (eg, TTT) because their brain structures are 

developing.

With regard to WCST-64 performance, we found that 

performances on the postintervention test in TNC, PR, 

PE, NPE, CLR, and NCC were improved following TTT 

relative to the preintervention test. Greve et al indicated 

two distinguishing factors that could be measured in the 

WCST.41 The first factor, including TNC, PR, PE, CLR, 

and NCC, is concept formation/perseveration, and reflects 

the ability to shift cognitive strategies. The second factor, 

including only NPE, reflects inefficient and unsuccess-

ful problem solving. As mentioned previously, children 

with different types of ID have revealed dysfunctions in 

the prefrontal cortex and subcortical areas,66–68 and these 

areas have been linked to executive function tapped by the 

WCST-64.69 The WCST-64-related executive functions 

include strategic planning, organized searching, utilizing 

environmental feedback to shift cognitive sets, directing 

behavior toward achieving a goal, and modulating impul-

sive responding.21,22,70

Compared with the SOT and control groups, the TTT 

group presented better performance on the Stroop test, partic-

ular in the Stroop Color–Word condition following exercise. 

The Stroop was used to assess processing speed, selective 

attention, and the ability to inhibit or shift a habitual response. 

Several studies have supported the view that moderate-

intensity exercise (eg, TTT) benefits both lower-level cog-

nitive processes (ie, speed of processing) and higher-level 

Table 4 summary of intervention gains and effect sizes for each group

Tests SOT TTT Control

Change Cohen’s d Change Cohen’s d Change Cohen’s d

TVPs-3
Dis 2.83 1.03* 2.95 1.67* -0.08 -0.13
MeM 0.65 0.75† 0.98 1.04* 0.02 0.02
sPa 0.75 0.65† 1.57 1.71* -0.08 -0.09
cON 0.41 0.31‡ 1.03 0.90* -0.18 -0.14
seQ 0.34 0.31‡ 0.97 0.88* 0.14 0.11
Fgr 0.79 0.74† 1.28 1.16* 0.22 0.19
clO 0.25 0.46‡ 0.93 0.53† 0.08 0.09
Trc 6.0 1.33* 10.11 2.23* 0.02 0.13

WcsT-64
TNc 2.39 1.04* 4.99 1.17* 0.11 0.14
Pr 1.00 0.44‡ 3.04 0.80* 0.05 0.15
Pe 0.18 0.08 1.91 0.53† -0.35 -0.19
NPe 0.64 0.37‡ 2.09 0.69† 0.18 0.17
clr 1.60 0.63† 1.85 0.80* 0.25 0.18‡

Ncc 0.57 0.46‡ 0.93 1.16* 0.04 0.08
stroop

Word 3.42 0.46‡ 4.60 0.52† 1.68 0.19
color 0.98 0.28‡ 3.02 0.84* 1.48 0.18
color–Word 1.93 0.92* 5.42 1.99* 0.99 0.08

Notes: To quantify the magnitude of the difference between intervention and control groups at postintervention, effect sizes were calculated as d= (treatment mean – control 
mean)/sD. sD was calculated as the square root of the pooled estimate of population variance (sD2 = [N1 × sD12 + N2 × sD22]/[N1 + N2 - 2]). *cohen’s d-value 0.8 
indicates a large effect size; †cohen’s d-value 0.5–0.8 indicates a medium effect size; ‡cohen’s d-value 0.2–0.5 indicates a small effect size; P0.001.
Abbreviations: sOT, standard occupational therapy; TTT, table tennis training; TVPs, Test of Visual Perceptual skill; Dis, visual discrimination; MeM, visual memory; 
SPA, spatial relationships; CON, form constancy; SEQ, sequential memory; FGR, figure–ground; CLO, visual closure; TRC, total raw score; WCST-64, Wisconsin Card 
sorting Test 64-card version; TNc, total number correct; Pr, perseverative responses; Pe, perseverative errors; NPe, nonperseverative errors; clr, conceptual-level 
responses; Ncc, number of categories completed; sD, standard deviation.
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cognitive processes (ie, executive functions) in shifting the 

habitual response.46,48,71 The exercise-induced physiological 

arousal might be a potential mechanism to explain the cogni-

tive benefits of exercise.46 While the participants were asked 

to hit the ball with a specific color during the TTT session, 

they also needed to use the anticipatory system in the brain 

(feed-forward mechanism) to anticipate the future spatial 

and temporal coordination of the flying ball; therefore, the 

complexity of this task and the temporal constraints have a 

training cognitive effect on executive functions measured 

by the Stroop.

Recent research supports the hypothesis that the motor 

and cognitive domains are highly interrelated in individuals 

with atypical development.72 The literature to date demon-

strates that motor-activity programs can enhance both the 

improvement in cognitive performance (ie, speed of pro-

cessing, executive function, and working memory) and the 

production of neurotrophins responsible for neural activities 

in ID.22 There is a causal link between physical activity and 

brain development in individuals with ID, particularly in the 

prefrontal cortical, rectal gyrus, medial frontal gyrus, and 

orbital gyrus.73 In addition, intervention aimed at improving 

cognitive abilities may further decrease motor impairments 

as well in individuals with ID.74

Although the present study has yielded findings that 

establish positive links among TTT, executive functions, 

and visual perception, there remain some limitations. First, 

the results of the present study reflect the TTT effects during 

a 16-week training intervention. Continued improvement or 

maintenance of visual–perceptual and executive functions 

would strengthen support for TTT. Therefore, replication 

of this study with a long-term follow-up (eg, 6 months or 

1 year after intervention) is warranted to discern the long-

term impact of the TTT intervention. Second, follow-up 

studies are also needed to verify the functional outcomes of 

racket sports (ie, the correlation between improved visual–

perceptual and executive functions and school functions). 

More effort should be made to help these children generalize 

the training effects to functional tasks that demand similar 

cognitive and perceptual functions. Third, individuals with 

BIF and MID are different in terms of their intellectual 

functioning or plasticity to any type of intervention. Future 

study should specify if all participants are individuals with 

BIF or MID. Last, the subjective outcomes (eg, perceived 

fatigue or satisfaction level) are important, and should have 

been reported for clinical aspects. Future study should adopt 

subject-outcome measurement and provide an adverse-

effect report.

Conclusion
This study is the first systematically to assess the effects of 

TTT on visual perception and executive functions in school-

age children with MID/BIF. The present study findings 

provide empirical credence to the perceptions of parents, 

therapists, and teachers that therapeutic intervention using 

either TTT or SOT is effective in improving cognitive and 

visual–perceptual function to varying degrees in children 

with ID compared with no treatment. The TTT program had 

greater effects on visual–perceptual and executive function 

than the SOT or the control group; therefore, TTT could be 

used as adjuvant therapy to other proven successful interven-

tions (eg, sensorimotor and PM approaches).

Disclosure
The authors report no conflicts of interest in this work.
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