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Longitudinal Association of Aerobic Fitness and Motor Skills with 

Later Executive Function in School-aged Children at 1-year Follow-up 
―To focus on implication of aerobic fitness and motor skills in school-aged children― 

 

Tsunenori Isa* 

Rei Ono* 

Abstract 

Objective Development of motor skills and executive function (EF) is acquired during childhood and 
adolescence. Although some previous studies suggest that motor skills are closely related with EF, 
it is not clarified that motor skills assessing speed, strength, and coordination quantitatively are 
associated with EF. This study aimed to investigate the longitudinal association of motor skills with 
EF at 1-year later in children aged 9 to 12 years. 

Methods Children aged 9 to 12 years (n = 158, mean age: 10.1 (0.7) years, female: 51.9%) were 
included at baseline and 1-year later. Regarding EF as outcome, working memory, inhibition, and 
cognitive flexibility were assessed using the Digits Backward test, Stroop Incongruent Color 
Naming test, and Trail Making Test Part B, respectively. We assessed speed, strength, and 
coordination using the 50-Meter Sprint Running Test, Standing Long Jump Test, and Softball 
Throw for Distance Test, respectively. The motor skills composite score (MS-total) of the three 
domains as independent variables were developed with principal component analysis. All linear 
regression analyses were adjusted for grade, sex, body mass index, and physical activity as 
confounding variables and the respective baseline value of EF. 

Results In unadjusted model, MS-total at baseline was significantly associated with working memory 
(Standardizedβ= 0.16), inhibition (Standardizedβ= 0.18), and cognitive flexibility (Standardizedβ= –
0.21) at follow-up. In adjusted model, MS-total at baseline was significantly associated with 
cognitive flexibility (Standardizedβ= –0.14) at follow-up, but not significantly associated with 
working memory (Standardizedβ= 0.07) and inhibition (Standardizedβ= 0.03) at follow-up. 

Conclusion The results showed the significant association of motor skills including speed, strength, 
and coordination with cognitive flexibility and the importance of mastery of motor skills for all 
children. 

 
Key Words School-aged children  Executive function Motor skills Longitudinal study 
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0.75; , 0.70 4 62.5%
50m , −0.84; , 0.88; 

, 0.63 5 70.3% 50m

, −0.90; , 0.87; , 0.73
5 65.5% 50m , −0.88; 

, 0.74; , 0.80  

   
4  

(n = 68) 
5  

(n = 90)  
5  6  

,  9.5 ± 0.5 10.5 ± 0.5 10.5 ± 0.5 11.5 ± 0.5 

 33 (49%) 49 (54%)   

BMI, kg/m2 16.7 ± 2.0 17.1 ± 2.2 17.7 ± 2.5 17.9 ± 2.4 

PAQ-C,  3.33 ± 0.70 2.85 ± 0.76 2.76 ± 0.69 2.50 ± 0.70 

DST ,  10.1 ± 5.1 14.0 ± 7.7 14.4 ± 8.9 19.4 ± 10.9 

Stroop ICN ,  41.5 ± 10.7 47.4 ± 11.3 48.9 ± 12.4 55.2 ± 14.2 

TMT-B,  89.3 ± 25.9 73.5 ± 22.9 69.2 ± 17.7 60.7 ± 21.8 

50m ,  9.73 ± 0.58 9.71 ± 0.64 8.96 ± 0.52 8.97 ± 0.63 

, cm 140.1 ± 21.7 147.5 ± 19.7 153.9 ± 16.3 162.9 ± 20.6 

, m 17.4 ± 8.2 17.9 ± 7.9 21.9 ± 9.9 20.3 ± 9.0 
 ± , %  

PAQ-C DST Stroop ICN TMT-B
 

BMI, body mass index; PAQ-C, Physical Activity Questionnaire for Older Children; DST, Disit Span Test; ICN, 
Incongruent Color Naming; TMT-B, Trail Making Test part B 

  

   

 *  *  *  

MS-total 0.16 ‡ 0.07 0.18 ‡ 0.03 –0.21 † –0.14 ‡ 

 0.23 † 0.06 0.22 † 0.02 –0.19 ‡ –0.01 

  –0.08  0.06  0.01 

BMI  –0.04  –0.01  0.11 

  –0.08  0.02  0.08 

**  0.57 †  0.81 †  0.55 † 
β  

MS-total, Motor Skills-total; BMI, body mass index 
*:  
**:  
†: p < 0.01 
‡: p < 0.05 

2972018年度 笹川スポーツ研究助成

テ
ー
マ
3

一
般
研
究
奨
励
研
究
子
ど
も
・
青
少
年
ス
ポ
ー
ツ
の
振
興
に
関
す
る
研
究



2
MS-total

MS-total

, β = 0.16: , β = 0.18: 
, β = –0.21

MS-total

, β = 0.07: , β = 0.03
β = –0.14  

Niederer et al., 2011, Piek et al., 2008

9 12

 

Koziol et al., 2014, Specht et al., 2009

Ludyga et al., 2018

 
 

9 12

 

Aadland KN, Moe VF, Aadland E et al. 2017
Relationships between physical activity, sedentary 
time, aerobic fitness, motor skills and executive 
function and academic performance in children. 
Ment Health Phys Act, 12: 10-8. 

Baron IS. 2003 Neuropsychological evaluation of the 
child, Oxford University Press. 

Blair C, Raver CC. 2015 School readiness and 
self-regulation: a developmental psychobiological 
approach. Annu Rev Psychol, 66: 711-31. 

Bös K. 1987 Handbuch sportmotorischer Tests 
(Handbook of sport motor tests). Göttingen: 
Hogrefe.  

Diamond A, Lee K. 2011 Interventions shown to aid 
executive function development in children 4 to 12 
years old. Science, 333(6045): 959-64. 

Golden CJ. 1978 Stroop Color and Word Test: A 
manual for clinical and experimental uses., 
Chicago, Stoelting Co. 

Hartman E, Smith J, Houwen S et al. 2017
Skill-related physical fitness versus aerobic fitness 
as a predictor of executive functioning in children 
with intellectual disabilities or borderline 
intellectual functioning. Res Dev Disabil, 64: 1-11. 

Isa T, Sawa R, Torizawa K et al. 2019 Reliability and 
validity of the Japanese version of the Physical 
Activity Questionnaire for Older Children 
(PAQ-C). Clin Med Insights Pediatr, [In press] 

Kortte KB, Horner MD, Windham WK. 2002 The 
trail making test, part B: cognitive flexibility or 
ability to maintain set? Appl Neuropsychol, 9(2): 
106-9. 

Koziol LF, Budding D, Andreasen N et al. 2014
Consensus paper: the cerebellum's role in 
movement and cognition. Cerebellum (London, 
England), 13(1): 151-77. 

Ludyga S, Gerber M, Mücke M et al. 2018 The acute 
effects of aerobic exercise on cognitive flexibility 
and task-related heart rate variability in children 
with ADHD and healthy controls. J Atten Disord, 
doi: 10.1177/1087054718757647 

Michel E, Roethlisberger M, Neuenschwander R et al.
2011 Development of cognitive skills in children 

with motor coordination impairments at 12-month 
follow-up. Child Neuropsychol, 17(2): 151-72 

298 2018年度 笹川スポーツ研究助成



 

Moffitt TE, Arseneault L, Belsky D et al. 2011 A 
gradient of childhood self-control predicts health, 
wealth, and public safety. Proc Natl Acad Sci U S 
A, 108(7): 2693-8. 

. 1999 6 11
 

Niederer I, Kriemler S, Gut J et al. 2011 Relationship 
of aerobic fitness and motor skills with memory 
and attention in preschoolers (Ballabeina): A 
cross-sectional and longitudinal study. BMC 
Pediatr, 11(34): doi: 10.1186/1471-2431-11-34. 

Piek J, Dawson L, Smith LM et al. 2008 The role of 
early fine and gross motor development on later 
motor and cognitive ability. Hum Mov Sci, 27(5): 
668-81. 

Sarsour K, Sheridan M, Jutte D et al. 2011 Family 
socioeconomic status and child executive 
functions: the roles of language, home 

environment, and single parenthood. J Int 
Neuropsychol Soc, 17(1): 120-32. 

Schmidt M, Egger F, Benzing V et al. 2017
Disentangling the relationship between children’s 
motor ability, executive function and academic 
achievement. PLoS One, 12(8): e0182845. doi: 
10.1371/journal.pone.0182845. 

Specht K, Lie CH, Shah NJ et al. 2009 Disentangling 
the prefrontal network for rule selection by means 
of a non-verbal variant of the Wisconsin Card 
Sorting Test. Hum Brain Mapp, 30(5): 1734-43.  

Wechsler D. 1994 Wechsler Intelligence Scale for 
Children, 3rd ed., London, Psychological 
Corporation.

 

 
 

 
 
 
 
 

2992018年度 笹川スポーツ研究助成

テ
ー
マ
3

一
般
研
究
奨
励
研
究
子
ど
も
・
青
少
年
ス
ポ
ー
ツ
の
振
興
に
関
す
る
研
究


