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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.
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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 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 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
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Table 1- Mean and Standard Deviation (SD) for Each Subscale of Bruininks-Oseretsky test

Control Group Wii Group al> 5o sl ludo 00,5
SD Mean sD Mean phase Subscales
3.33 11.54 S5l 12.21 (Pretest) ;o031 e Sy
213 11.31 3.32 13.21 (Posttest) y5e5 Running speed and agility
3.84 11.08 3.97 10.71 (Pretest) ;se3l e ol
3.73 11.85 3.98 14.79 (Posttest) 531 Balance
2.70 13.62 3.03 13.14 (Pretest) ;o031 e iy 3 Sinlon
4.17 14.38 2.70 15.93 (Posttest) 551 Bilateral coordination
3.01 11.38 2.79 11.64 (Pretest) ;se3l e s
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3.28 11.85 2.86 14.21 (POSLtest) 5051 s Strength
3.61 15.69 5.02 15.21 (Pretest) yge51 i ligh pld Sialea
2.50 16.54 451 18.36 (POSLEESt) y505 s Upper limb coordination
3.60 14.15 3.58 13.64 (Pretest) ;se5l i ol o
3.44 14.69 4.04 16.79 (POSttest) 5031 Response speed
3.69 14.15 4, 14.64 Pretest) 5051 52

0 w el sl 55
2.44 16.15 291 17.21 (Posttest) 5ol Visual-Motor control
5.07 11.46 4.94 11.36 (Pretest) ose3l i it ] Sl 5
4.13 12.08 4.17 14.93 (Posttest) 53l Manual dexterity
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Table 2-Test of between-subjects’ effects for mean scores of Bruininks-Oseretsky subscales

12 P-value Mean F Source Variable
square

0.31 0.001 70.76 12.49 (Pretest) ;ge5 sty Sl g

0.11 0.09 16.93 2.98 (Group) o5,5 Running speed and agility

0.39 0.007 134.65 14.92 (Pretest) ¢sesl i Joks

0.23 0.01 67.07 7.43 (Group) «5,5 Balance

0.66 0.00 192.10 44.71 (Pretest) yg051 i hi 35 Sialen

0.19 0.02 24.86 5.78 (Group) 5,5 Bilateral coordination
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0.26 0.006 31.09 8.78 (Group) «5,5 Strength

0.71 0.00 235.06 58.52 (Pretest) ;503 2 iy ol _Sinlen

0.24 0.01 31.28 7.78 (Group) 5,5 Upper limb coordination

0.52 0.00 173.49 24.5 (Pretest) ;o5 iy .

0.19 0.02 41.25 5.82 (Group) s5,5 Response speed

0.52 0.00 98.67 27.37 (Pretest) c,o5] sty &S sl S

0.04 0.27 4.45 1.23 (Group) o5 Visual-Motor control

0.68 0.00 293.60 52.02 (Pretest) yge51 i b il S 5 e

0.29 0.003 57.60 10.21 (Group) o5 5 Manual dexterity
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Table 3- Mean and Standard Deviation (SD) for Trail Making Test (TMT) Components

J S 0,8 Wii o5,5 al> 5o ALis Lo gl bailse
SD Mean SD Mean phase TMT Components
3.33 11.54 3.57 12.21 (Pretest) g0 o (Gall) allis el yga;]
2.13 11.31 3.32 13.21 (Posttest) :se;l (TMT-A)

3.84 11.08 3.97 10.71 (Pretest) ;ge;l i T

3.73 11.85 3.98 14.79 (POSHESE) (53] s (TMT-B)
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Table 4- Test of between-subjects effects for mean scores of TMT components

n2 P-value Mean square F Source Variable
0.7 0.00 5207 57.26 (Pretest) ;g in (Gl allis 5L ges]
0.38 0.002 1715 18.86 (Group) o5, (TMT-A)
0.51 0.00 22633 25.69 (Pretest) ;se;l iy () Wlss el sl
0.003 0.86 28 0.03 (Group) e5,5 (TMT-B)
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