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Abstract

This study was conducted to determine the effect of Nintendo Wii-based motor and
cognitive training on motor proficiency, visual attention, and cognitive flexibility of
children with attention-deficit/ hyperactivity disorder. Thirty boys with ADHD, aged 8-
11 years, were selected from the Avand Development Center and were randomly assigned
into the experimental and control groups. The experimental group participated in a
selected gaming program for 24 sessions, 60 minutes per session. At the beginning of the
study and after eight weeks of intervention, participants were assessed with the Bruininks-
Oseretsky test of motor proficiency and trail-making test. R Statistical software was used
for data analysis and multivariate analysis of covariance (MANCOVA) was used to test
differences between groups. For all statistical analyses, significance was set at 0.05. The
results of the post hoc contrasts on MANCOVA showed that balance (p = 0.01), upper
limb coordination (p = 0.01), bilateral coordination (p = 0.02), strength (p = 0.06),
response speed (p = 0.02) and manual dexterity (p = 0.003) components, in the
experimental group were significantly improved in comparison to the control group.
However, there were no significant differences between groups in running speed and
agility (p = 0.09) and visual-motor control (p = 0.27). A significant difference was also
found between groups in cognitive flexibility (p = 0.01). Our findings suggest that
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Nintendo Wii game playing might be a simple and cost-effective way for improving motor
proficiency and cognitive flexibility of ADHD children.

KeyWords: Attention-Deficit/ Hyperactivity Disorder, Executive Function,
Nintendo Wii Console, Motor skills, Cognitive Flexibility

Extended Abstract

Background and Purpose

Cognitive flexibility refers to our ability to switch between different mental sets,
tasks, or strategies (1). Meta-analysis suggests medium-magnitude cognitive
flexibility impairments in ADHD (2). The abilities of cognitive flexibility predict
successful academic performance in math, reading, and language acquisition.
Impairment in cognitive flexibility appears to confer the risk of internalizing
symptoms via increased rumination (3).

Poor motor performance is another common coexisting difficulty in over half of
the ADHD children (4).

It has been suggested that a combined physical and cognitive training program
have the largest effect on children's EFs (5). A combination of physical and
cognitive training can be achieved through “exergaming.” Initial investigations
have yielded the promising results and suggest that exergaming could serve as an
intervention for promoting EFs (6, 7). Therefore, this study aimed to evaluate the
effect of Nintendo Wii-based motor and cognitive training on motor proficiency
and cognitive flexibility of children with ADHD.

Materials and Methods

A total of 30 boys with ADHD, aged 8 to 11 years, were recruited from a child-
development clinic. Inclusion criteria were an ADHD diagnosis confirmed by a
child psychiatrist and based on the Child Symptom Inventory-4 (CSI-4) and
QEEG TEST, free from comorbid conditions of conduct/oppositional defiant
disorder, autism spectrum disorder, learning disability, neuromuscular or
musculoskeletal disorders, not taking medication during the intervention phase,
having normal intelligence, being in prepubertal status (calculating peak height
velocity offset as an indicator of biological maturity using equations of Mirwald
et al (8).

After the conclusion of the recruiting process, 30 ADHD children were qualified
for participation. All children with ADHD were matched based on ADHD type
and age. They were randomly assigned into either the experimental (n=15) or
control groups (n=15). The experimental group participated in a selected gaming
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program using Nintendo Wii consoles (Wii Fit Plus version) for 24 sessions, 60
minutes per session (5-10 minutes aerobic games, 20-25 minutes strength and
Yoga games, and finally 20-25 minutes balance games).

At the beginning of the study and after eight weeks of intervention, motor
proficiency was assessed using the Bruininks-Oseretsky test and cognitive
flexibility was assessed using the trail making test (TMT).

R statistical software was used for all statistical analyses. Multivariate analysis of
covariance (MANCOVA) was applied to test the difference between groups.

Findings

An independent t-test confirmed that there were no significant differences in age,
weight, height, and 1Q between the two groups in the pretest P>0.05; and
suggesting homogeneity between the two groups. After accounting for pre-
training differences, MANCOVA revealed an overall significant difference in
motor proficiency between the two groups (Wilk’s A =7.12, P =0.003, partial n2
= 0.15). The Wii group performed significantly better compared with the control
group. The results of the post hoc contrasts on MANCOVA showed that balance
(p = 0.01, partial n2 = 0. 0.23), upper limb coordination (p = 0.01, partial n2 =
0.24), bilateral coordination (p = 0.02, partial n2 = 0.19), strength (p = 0.06, partial
n2 = 0.26), response speed (p = 0.02, partial n2 = 0.19) and manual dexterity (p =
0.003, partial n2 = 0.29) components, in the experimental group were significantly
improved in comparison to the control group, But there were no significant
differences between groups in running speed and agility (p = 0.09) and visual-
motor control (p = 0.27).

Moreover, MANCOVA revealed a significant difference in TMT task between
the two groups (Wilk’s A = 10.5, P = 0.001, partial n2 = 0.51). Wii group
performed significantly better compared with the control group. Regarding the
components, significant group differences were observed in TMT-part A (p =
0.002, partial n2 = 0.38), and the exercise group performed faster than the control
group, but there were no significant differences between the two groups in TMT-
part B (P>0.05).

Conclusion

The findings of the present study indicate that Nintendo Wii consoles have the
potential to improve cognitive flexibility and motor proficiency in children with
ADHD and might in future serve as an adjunct to medical and psychotherapeutic
treatments. However, future research should aim to include different EF
components. This would help clarify which EF tasks are affected by Nintendo
Wii. Since exergaming is highly scalable, it could be a safe environment for
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clinical patients suffering from cognitive deficits to benefit EFs and replace
sedentary screen time.
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Figure 1-An example of the results of the center of balance (COB) and Body Control

@ e J7ES 05,5 5l 90 g planel <S8 s 4 (2 098 5l L8 Sy b e o050 LG o
4 b ola ool ol jo .aial Bl gl Wg, ) ‘OP}TJ‘% al> ey S b pae o
A0 G 5l b 25 VYY) S 05,5 9 (MYY £ o /AD s (5 S5le b 25 VF) 0)205 05,5 g0

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public Licen



1F) Lol FA o5l VF 0,90 (5 > L8,

ny

0,99 ‘5......79).“ R L.S‘)" uﬁjf)‘)ﬁd.».l.?uscbjm 0)9.AR LS)L"T)IPI r=).1)| oolaiul L| (A/V\ +
b ol eygel ol 5l eoliiwl jglaie 4 ol solitwl (g patodiz il lS Sl yge;l 5l alslae
ot Slp S w5l hmghy cnl 55 055 48 (o 9590 )bl gy nl sle a9y

Secnsd Osesl s b ot sKed gy S CAN ales o 5505 sy 2 (51,2 BOXplOL 4y

O3] Saale Cuz TSEAUX (a5l (izren 5 il)lsS Jelod sl Sz JMV At

ool g gy saiad

el ™)

) S sk Siiag 2 305 Sl mliie 03,5 5 llisl Blmil § ke (V) o)leds Jsor

S 3391 S 9 1 (39031 (S wlado 03 53 5 Il Bl g (Silo - Jgu
Table 1- Mean and Standard Deviation (SD) for Each Subscale of Bruininks-

Oseretsky test
Control Group Wii Group al> o s liio 05,5
sD Mean sD Mean phase Subscales
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303l Balance
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(Pretest) dg 98 Sialen
Y903l m Bilateral coordination
417 14.38 270 1593 O350
(Posttest)
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Table 2-Test of between-subjects’ effects for mean scores of Bruininks-Oseretsky
subscales

n2 P- Mean Source Variable
value square
031 0001 7076  12.49 ”P’: ’t“"“'t‘“" Sz 5
(Fretesh Running speed and
0.11 0.09 16.93 2.98 (Group) 55 agility
0993l
0.39  0.007 134.65 14.92 Pretest Jols
_ Balance
0.23 0.01 67.07 7.43 (Group) 55
0303l
0.66 0.00 192.10 44,71 Pretesty A s
_ Bilateral coordination
0.19 0.02 24.86 5.78 (Group) o5,5
0993 e
0.63 0.00 157.11 44.02 (Pretest) o8
. Strength
0.26  0.006 31.09 8.78 (Group) o35
0503l
0.71 0.00 235.06 58.52 Pretesty ligh plasl Sinlen
_ Upper limb coordination
0.24 0.01 31.28 7.78 (Group) os,5
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Table 2-Test of between-subjects’ effects for mean scores of Bruininks-Oseretsky
subscales

P- Mean

" ale  square F Source Variable
RIS
0.52 0.00 173.49 245 Pretest sl e

Response speed
019  0.02 4125 582  (Group)es,s ponse sp

095l

0.52 0.00 98.67 27.37 Pretest, =5 ol S
_ Visual-Motor control
0.04 0.27 4.45 1.23 (Group) o5,5
o9l
0.68 0.00 293.60  52.02 i g sl Solor g et

Manual dexterity

0.29 0.003 57.60 10.21 (Group) »5,5
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Table 3- Mean and Standard Deviation (SD) for Trail Making Test (TMT)

Components
J S 0,8 Wii 05,5 al> yo ol (903l slaailge
LS
SD  Mean SD Mean phase =S
TMT Components
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3.33 11.54 3.57 12.21 ( ) Ogesl e (il s i g0
213 1131 332 13.21 o7 (TMT-A)
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Pretest) s051
3.84 11.08 3.97 10.71 ( ) sl (o) s bl g
373 1185 3.98 14.79 OO (TMT-B)
(Posttest)
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