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Abstract. [Purpose] The purpose of this study was to investigate the effects of taekwondo training on cognitive 
function and academic self-efficacy in children. [Subjects and Methods] Thirty-five children participated in the 
study. Seventeen children were randomly selected to undergo taekwondo training for 16 weeks (5 times per week). 
As controls, 18 children received no training. Cognitive function and academic self-efficacy were measured using 
the Stroop Color and Word Test (Word, Color, and Color-Word) and academic self-efficacy scale (Self-confidence, 
Self-regulatory Efficacy, and Task Difficulty Preference), respectively. [Results] In the taekwondo group, the Color-
Word and Self-confidence scores increased significantly after intervention as compared to those before interven-
tion. [Conclusion] It is suggested that regular taekwondo training may be effective for enhancing cognitive function 
and academic self-efficacy in growing children.
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INTRODUCTION

It has been reported that childhood participation in physical activity, including regular exercise, could not only promote 
physical development1), but could also prevent various diseases, such as metabolic syndrome, by improving body compo-
sition and enhancing health-related physical fitness2). In addition, there are recent reports that childhood participation in 
physical activity might have a positive effect on cognitive function, on various academic achievements, including academic 
score, and on psychosocial function3, 4). Specifically, Lees and Hopkins reported that aerobic physical activity had a positive 
correlation with cognition, academic achievement, behavior, and psychosocial functioning outcomes. Similarly, based on 
their finding that children with high aerobic capacity scored higher than average in mathematics, Desai et al. suggested that 
proper participation in physical activity at school might have potential benefits for academic achievement, although the 
mechanism of this impact was not clear.

On the other hand, taekwondo (TKD), a globally popular sport, is practiced by about 70 million people in 204 countries, 
and 380 thousand children apply for a Taekwondo belt test every year5). Preceding studies have reported that regular TKD 
training had a positive effect on the improvement of physical fitness and on physical growth and development in children5); 
and that childhood TKD training was effective in facilitating physical, cognitive, emotional, and social development—for 
example, by reducing anxiety, encouraging independence and leadership, and controlling aggression6, 7). A recent study by 
Kim et al. using functional MRI verified the positive effect of TKD training on brain development in children. The results 
showed improvement in brain connectivity from the cerebellum to the parietal and frontal cortex. This suggests that TKD 
training may be effective in improving cognitive function and academic capability in children.

However, there has been very limited research to verify the effect of TKD training on academic capability and the develop-
ment of cognitive function in growing children. Accordingly, the present study was conducted on children in elementary 
grades 4–6, aiming to verify the effect of TKD training on their cognitive function and academic self-efficacy.
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SUBJECTS AND METHODS

Thirty-five healthy children aged 10 to 12 years volunteered as subjects for this study. Eighteen children (10 boys and 8 
girls, mean age: 11.4 ± 0.7 years, mean height: 149.2 ± 6.7 cm, mean weight: 45.8 ± 6.7 kg, mean BMI: 20.5 ± 2.0 kg/m2) 
received no intervention and served as the control group. Seventeen children (11 boys and 6 girls, mean age: 11.2 ± 0.8 years, 
mean height: 148.8 ± 7.7 cm, mean weight: 46.9 ± 8.6 kg, mean BMI: 21.2 ± 3.9 kg/m2) received TKD training interven-
tion for 16 weeks (TKD group). The study protocol was approved by an institutional ethics review board of the Youngsan 
University. All subjects and their parents were informed about the research procedure and possible risks involved, and both 
parents and subjects signed a written consent form.

TKD training was conducted 5 times per week, for 16 weeks, each time for 70 minutes, at an exercise intensity of 
50–80% of HRmax. Specifically, each TKD training session involved 5 minutes of warm-up stretching, 10 minutes of basic 
physical fitness training, 40 minutes of main exercise (consisting of basic TKD movements, Poomsae, kicks, and Taekwon 
gymnastics), and 5 minutes of cool-down stretching.

For measuring cognitive function, the Stroop Color and Word Test was performed twice, before and after intervention, as 
previously described8). The tests comprise Word Reading, Color Reading, and Color-Word Reading parts. Each part contains 
100 items arranged in 5 columns and 20 rows. Academic self-efficacy was measured using the scale developed by Kim and 
Park, which consists of 3 subordinate factors: Self-confidence, Self-regulatory Efficacy, and Task Difficulty Preference.

Statistical analyses were performed using SPSS version 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Data have 
been presented as the mean ± standard deviation, unless stated otherwise. For identifying differences in normally distributed 
results, the two-way repeated analysis of variance (ANOVA) was employed. When significant group by time interactions 
occurred, simple main effects were assessed using the independent and paired t-tests. The level of significance was set at 0.05 
for all the tests.

RESULTS

A comparison of anthropometric characteristics, Stroop Color and Word Test scores, and academic self-efficacy scores 
for the two groups before and after intervention has been presented in Table 1. In the TKD group, the Color-Word scores and 
Self-confidence scores increased significantly after intervention as compared to those before intervention (p<0.05). However, 
there were no significant differences in height; weight; BMI; and scores on the Word, Color, Self-regulatory Efficacy, and 
Task Difficulty Preference tests (p>0.05).

DISCUSSION

The advancement of life science has brought about the development of new technologies that enable the morphometric 
analysis of the brain—such as image analysis technology. Accordingly, many preceding studies have reported the brain 
health improvement effect of exercise. For example, regular exercise has been reported to exert a positive effect on functional 
changes in the brain, by not only improving brain volume but by also inducing angiogenesis and neurogenesis10, 11). The 
present study employed the Stroop Color and Word Test to verify the effect of TKD training on cognitive function in children. 
The result showed that the TKD group achieved significantly higher Color-Word scores after the 16-week TKD training, sug-
gesting that TKD training may be effective in improving cognitive function. This supports the findings of preceding research 
that reported significant increase in Stroop Color and Word Test scores following regular TKD training12). The Stroop Color 

Table 1. A comparison of anthropometric characteristics, Stroop Color and Word Test scores, and academic self-efficacy 
scores for two groups before and after intervention

Variables
Control group (n=18) TKD group (n=17)

Before After Before After
Height (cm) 149.2 ± 6.7 150.1 ± 6.6 148.8 ± 7.7 150.2 ± 7.3
Weight (kg) 45.8 ± 6.7 46.9 ± 6.9 46.9 ± 8.6 47.3 ± 7.7
BMI (kg/m2) 20.5 ± 2.0 20.7 ± 1.9 21.2 ± 3.9 21.0 ± 3.6
Word test (score) 71.2 ± 8.8 72.2 ± 7.7 71.6 ± 10.2 73.7 ± 9.1
Color test (score) 51.2 ± 6.7 51.9 ± 6.6 52.1 ± 6.7 53.9 ± 5.9
Color-Word test (score) 35.2 ± 4.5 35.6 ± 5.0 35.4 ± 4.9 36.8 ± 4.3*

Self-confidence (score) 3.5 ± 0.8 3.7 ± 0.7 3.4 ± 0.7 4.1 ± 0.7*

Self-regulatory efficacy (score) 3.4 ± 0.6 3.4 ± 0.6 3.4 ± 0.7 3.8 ± 0.7
Task difficulty preference (score) 3.1 ± 0.9 3.3 ± 0.7 3.1 ± 0.8 3.5 ± 0.7
Data are presented as mean ± standard deviation. TKD: taekwondo; *p<0.05 vs. Before
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and Word Test reflects cognitive function9). Using this test, Kim reported a significant increase in Color and Word scores 
after an 8-week TKD training at exercise intensities of RPE 11–15. In addition, a study conducted by Lakes et al.13), which 
involved 60 students in grades 7–8 and the practice of TKD for 9 months during physical education classes, showed that 
taekwondo was effective not only in enhancing physical fitness but also in improving cognitive function. Based on this result, 
TKD was suggested to be an appropriate exercise program for physical education at school.

Academic self-efficacy refers to learner’s self-assessment on the ability to confidently organize and execute an action plan 
for carrying out an academic task, and it consists of 3 subordinate factors: Self-confidence, Self-Regulatory Efficacy, and 
Task Difficulty Preference9). The present study showed that TKD training resulted in a significantly high Self-confidence 
score (which indicates students’ confidence or conviction in their own academic capability). According to preceding research, 
there is a direct and indirect correlation between academic self-efficacy and academic achievement, as the learners with 
higher academic self-efficacy tend to choose more challenging tasks, invest more efforts in successfully carrying out tasks, 
and use more effective learning strategies9, 14, 15). Taken together, these results suggest that TKD training may also be effective 
for enhancing academic capability in growing children. It has also been reported that the increased expression of neurotrophic 
factors that occurs with regular exercise plays an important role in the mechanism of brain function improvement16, 17). 
Therefore, in order to elucidate the mechanism through which TKD training aids the improvement of cognitive function and 
academic self-efficacy, follow-up research would need to include the analysis of neurotrophic factors. In addition, this study 
has the limitation that it could not exclude the effect of regular exercise because there was no other exercise group that can be 
compared with TKD group. In future studies, it is necessary to compare TKD training with other types of exercise programs.

In conclusion, it is suggested that regular TKD training may be effective for enhancing cognitive function and academic 
self-efficacy in growing children.

ACKNOwLEDgEMENT

This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation 
of Korea (NRF-2015S1A5B5A02015262).

REFERENCES

1) Specker B, Thiex NW, Sudhagoni RG: Does exercise influence pediatric bone? A systematic review. Clin Orthop Relat Res, 2015, 473: 3658–3672. [Medline]  
[CrossRef]

2) Pacifico L, Anania C, Martino F, et al.: Management of metabolic syndrome in children and adolescents. Nutr Metab Cardiovasc Dis, 2011, 21: 455–466. 
[Medline]  [CrossRef]

3) Lees C, Hopkins J: Effect of aerobic exercise on cognition, academic achievement, and psychosocial function in children: a systematic review of randomized 
control trials. Prev Chronic Dis, 2013, 10: E174. [Medline]  [CrossRef]

4) Desai IK, Kurpad AV, Chomitz VR, et al.: Aerobic fitness, micronutrient status, and academic achievement in Indian school-aged children. PLoS One, 2015, 
10: e0122487. [Medline]  [CrossRef]

5) Lee B, Kim K: Effect of Taekwondo training on physical fitness and growth index according to IGF-1 gene polymorphism in children. Korean J Physiol Phar-
macol, 2015, 19: 341–347. [Medline]  [CrossRef]

6) Kim SR, Seo JG: A study on value constitution factors of Taekwondo practices and practices satisfaction among elementary school students. Korean J Phys 
Edu, 2004, 43: 581–591.

7) Kim YJ, Cha EJ, Kim SM, et al.: The effects of Taekwondo training on brain connectivity and body intelligence. Psychiatry Investig, 2015, 12: 335–340. [Med-
line]  [CrossRef]

8) Golden C, Freshwater S, Zarabeth G: Stroop color and word test children’s version for ages 5–14: a manual for clinical and experimental uses. Chicago: Stoelt-
ing, 2003.

9) Kim AY, Park IY: Construction and validation of academic self-efficacy scale. Korean J Educ Res, 2001, 39: 95–123.
10) Colcombe SJ, Erickson KI, Scalf PE, et al.: Aerobic exercise training increases brain volume in aging humans. J Gerontol A Biol Sci Med Sci, 2006, 61: 

1166–1170. [Medline]  [CrossRef]
11) Hötting K, Röder B: Beneficial effects of physical exercise on neuroplasticity and cognition. Neurosci Biobehav Rev, 2013, 37: 2243–2257. [Medline]  [CrossRef]
12) Kim Y: The effect of regular Taekwondo exercise on brain-derived neurotrophic factor and Stroop test in undergraduate student. J Exerc Nutrition Biochem, 

2015, 19: 73–79. [Medline]  [CrossRef]
13) Lakes KD, Bryars T, Sirisinahal S, et al.: The healthy for life Taekwondo pilot study: a preliminary evaluation of effects on executive function and BMI, fea-

sibility, and acceptability. Ment Health Phys Act, 2013, 6: 181–188. [Medline]  [CrossRef]
14) Bandura A, Barbaranelli C, Caprara GV, et al.: Multifaceted impact of self-efficacy beliefs on academic functioning. Child Dev, 1996, 67: 1206–1222. [Med-

line]  [CrossRef]
15) Høigaard R, Kovač VB, Øverby NC, et al.: Academic self-efficacy mediates the effects of school psychological climate on academic achievement. Sch Psychol 

Q, 2015, 30: 64–74. [Medline]  [CrossRef]
16) Lee SS, Yoo JH, Kang S, et al.: The effects of 12 weeks regular aerobic exercise on brain-derived neurotrophic factor and inflammatory factors in juvenile 

obesity and type 2 diabetes mellitus. J Phys Ther Sci, 2014, 26: 1199–1204. [Medline]  [CrossRef]
17) Cho SY, Roh HT: Effects of aerobic exercise training on peripheral brain-derived neurotrophic factor and eotaxin-1 levels in obese young men. J Phys Ther Sci, 

2016, 28: 1355–1358. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/26208606?dopt=Abstract
http://dx.doi.org/10.1007/s11999-015-4467-7
http://www.ncbi.nlm.nih.gov/pubmed/21565479?dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2011.01.011
http://www.ncbi.nlm.nih.gov/pubmed/24157077?dopt=Abstract
http://dx.doi.org/10.5888/pcd10.130010
http://www.ncbi.nlm.nih.gov/pubmed/25806824?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0122487
http://www.ncbi.nlm.nih.gov/pubmed/26170738?dopt=Abstract
http://dx.doi.org/10.4196/kjpp.2015.19.4.341
http://www.ncbi.nlm.nih.gov/pubmed/26207126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26207126?dopt=Abstract
http://dx.doi.org/10.4306/pi.2015.12.3.335
http://www.ncbi.nlm.nih.gov/pubmed/17167157?dopt=Abstract
http://dx.doi.org/10.1093/gerona/61.11.1166
http://www.ncbi.nlm.nih.gov/pubmed/23623982?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26244125?dopt=Abstract
http://dx.doi.org/10.5717/jenb.2015.15060904
http://www.ncbi.nlm.nih.gov/pubmed/24563664?dopt=Abstract
http://dx.doi.org/10.1016/j.mhpa.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/8706518?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8706518?dopt=Abstract
http://dx.doi.org/10.2307/1131888
http://www.ncbi.nlm.nih.gov/pubmed/24708286?dopt=Abstract
http://dx.doi.org/10.1037/spq0000056
http://www.ncbi.nlm.nih.gov/pubmed/25202180?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1199
http://www.ncbi.nlm.nih.gov/pubmed/27190482?dopt=Abstract
http://dx.doi.org/10.1589/jpts.28.1355

