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Abstract: Previous studies showed moderate to vigorous physical activity (MVPA) and aerobic
fitness in adolescents are significant factors for cognitive and academic performance. Most previous
studies have employed a cross-sectional design; consequently, the evidence on the longitudinal
effect of physical education classes (PECs) on cognitive performance and academic achievement is
limited. Therefore, the current study utilized a longitudinal design to examine the longstanding effect
of MVPA during PECs on cognitive and academic performance across gender groups. Structural
equation modeling analyses were employed to understand how MVPA influences youth academic
achievement in a nationally representative sample (n = 2092). Study findings indicated that (a) MVPA
exerted a direct effect on initial academic achievement as well as an indirect effect, which is mediated
by middle school students’ attention in both gender groups; (b) MVPA had both long-term direct
effects on academic achievement as well as indirect effects on attention, which ultimately affected the
subsequent academic achievements of female middle school students.

Keywords: moderate to vigorous physical activity; physical education classes; academic achievement;
attention; KCYPS2010

1. Introduction

Cognition is the psychological activity of gaining knowledge and using it [1]. The main
cognitive processes consist of attention, memory, learning, reasoning, decision making,
problem-solving, and creativity [2]. Attention is classified as focusing on one thing while ig-
noring other stimuli and distractions [3]. Attention plays a central role in self-regulation [4]
and memory [5] for children and adolescents and contributes academic development [6].

In the distant past, most cognitive scientists viewed cognition as a product of the
brain. However, since the 1990s, a new perspective has emerged that cognitive is not only
produced in the brain but also through bodily interaction with its environment [7]. The
embodied cognition theory (ECT) has been adopted as a theoretical explanatory model
of how the human body and brain work together in neuroscience and psychology [8].
According to the ECT, physical and visual bodily stimuli, as well as auditory tasks, can
improve attention and academic achievement [9–11].

Recently, sports scientists have been actively discussing ECT, and it has emerged as a
hot topic among sports researchers [12,13]. Empirical evidence now exists that physical
activity (PA) has a positive effect on attention. For example, moderate-to-vigorous physical
activity (MVPA) improved tasked-related attention in adolescents [14]. During periods
of MVPA, neurotransmitters such as dopamine and norepinephrine are released [15,16].
These chemicals play important roles in improving attention [17]. Furthermore, MVPA has
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shown to improve academic achievement such as reading, mathematics, and science in
children and adolescents [18–21].

Physical education classes (PECs) offer the inducement of MVPA and can therefore
be a critical means to the above [22–24]. It is of interest that academic achievement was
significantly associated with MVPA in PECs [25–27], although not with PECs alone [22,25],
as MVPA must be included.

For Korean middle school students, the primary participants of this study, PECs offer
a universal opportunity for participation in MVPA. Middle schools provide after-school
sports activities, but there is a high probability that they will not be selected because they
are no longer mandatory [28]. The college admittance process starts to take precedence at
this age in Korean society, and Korean parents do not enroll their children in non-scholastic
extra-curricular activities [29].

Gender, age, and puberty status are important factors related to adolescents’ physical,
cognitive, and academic performance [30]. Gender, of the above, impacts PA participation
the most [31]. Male students are more involved and perform better in sports and exercise
than their female counterparts. Considering boys and girls have different psychological val-
ues over physical activity and their relative importance varies, there are gender differences
that exist in the influence of physical activity on cognitive performance [32].

In short, previous studies concluded a positive association between MVPA in PECs and
attention [14,17] and between MVPA in PECs and academic performance [18–21]. However,
they lacked larger sample sizes that took gender differences into account. Furthermore,
most previous studies employed a cross-sectional design [11,20,21]; thus, the evidence
on the long-term effects of MVPA in PECs on attention and academic performance is
limited [30].

Therefore, based on the embodied cognition model, the current study utilized a
longitudinal design to examine the longitudinal effect of MVPA in PECs on cognitive and
academic performance across gender groups. The aim of this study was to identify the long-
term impact of adolescents’ PA on academic achievement using latent growth modeling.
Specifically, we examined the influence of MVPA in PECs on academic achievement in
reading, mathematics, and science from the 7th grade through to the 9th grade in Korean
middle schools.

2. Methods
2.1. Participants and Procedure

We utilized a longitudinal sample of 2092 middle school students from the Korean
Children and Youth Panel Survey (KCYPS) data. The KCYPS is a six-year longitudinal
study conducted by the National Youth Policy Institute, funded by the Korean national
government. The survey design includes a clustered, stratified national probability sample
from approximately 85 elementary schools. This survey was initially completed in 2010
when all students were in their fourth year of elementary school; their mean age was ten.
Students then re-took the survey every last quarter of the year until 2016. The current study
utilized secondary data; therefore, ethical approval was not required.

The current study samples are drawn from the last three years of the panel data (i.e.,
2013 to 2015) when the students were in the 7th to 9th grades. The data used for study
analyses comprised a longitudinal panel of 2092 participants who were the same students
evaluated three times across the 7th to 9th grades. This sample included 992 (47.4%) girls
and 1100 (52.5%) boys, whose ages ranged from 13 to 15 years (M = 14.01; SD = 0.82).

2.2. Measures
2.2.1. Attention

We used the Korean Adolescent Behavior Checklist (K-ABCL) to measure students’
attention levels [33]. We used seven items from K-ABCL to measure attention (e.g., When I
need to concentrate and solve a problem, I have trouble focusing my attention). All items
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were coded so that higher scores indicated a higher level of attention during the class.
Cronbach’s alpha coefficient for this measure was 0.79 in this sample.

Several studies used this scale with South Korean adolescents [34–37]. The results
of the studies showed that adolescents’ emotional and behavioral problems were signifi-
cantly related to their attention. For instance, attention was found to be related to study
habits and future goals [34], school adjustment [37], and depression [37]. Furthermore,
adolescents’ self-control and attention were found to impact cell phone dependency sig-
nificantly [36]. The Cronbach alphas in these studies ranged from 0.79 to 0.84, indicating
satisfactory reliability. These findings support the validity of the instrument for use with
this population.

2.2.2. Academic Achievement

We used the nationwide achievement test, i.e., the Korean Scholastic Achievement Test
(KSAT). This test was designed for the accurate measurement of the ability of individuals
at a given time point and of their achievement growth over time. This test was vertically
equated with offering a measurement of gain across time. The outcome variable measuring
academic achievement was constructed on three assessment scores: the item response
theory (IRT) theta scores of readings, math, and science when students were 7th graders
(i.e., in their first year in middle school).

2.2.3. Physical Activity

We used students’ self-evaluations of MVPA during a week of PECs. The students
were asked to compare exercise time to the extent of sweating during PECs. Students
answered on a five-point Likert scale for this item (0 = not at all, 4 = 4 h or more). The
higher the score, the longer the time spent engaging in MVPA.

2.3. Statistical Analysis

Study analyses were conducted in three stages. In stage one, we conducted t-tests and
intercorrelations among variables. In the second stage, we conducted a univariate linear
latent growth model (LGM) to test the measurement model for the three subjects. In the
third stage, we conducted structural equation modeling (SEM) analysis (see Figure 1) to
test the hypothesized models.
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Model Evaluation

Model fit was decided based on several criteria: comparative fit index (CFI; [38]), root
mean square error of approximation (RMSEA; [39]), and non-normed fit index (NNFI; [40]).
Values smaller than 0.08 for the RMSEA and close to 0.95 for the NNFI and CFI were used
to decide on a better fitting model. Analyses were performed using Mplus [41].
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We used the nonparametric bootstrapping method [42,43] to assess the significance of
mediating effects. This approach repeatedly employs sampling from the given data and
assesses the indirect influence in each resampled dataset.

3. Results
3.1. Descriptive Statistics

We used t-tests to examine gender differences (see Table 1). Male students participated
longer in PA than females, and female students showed a higher level of attention than male
students. The findings showed that adolescents’ PA, attention, and academic achievement
scores were significantly correlated for both gender groups.

Table 1. Correlation and descriptive statistics for study variables by gender.

1 2 3

1. MVPA in PEC α - 0.07 * 0.11 *
2. Attention α 0.10 * - 0.30 *
3. Academic achievement α

Means (SD) 0.14 * 0.20 * -

Male 3.68 (1.17) 2.77 (0.54) 4.58 (2.36)
Female 2.92 (1.33) 2.82 (0.52) 3.99 (2.12)

Note. Correlations for female students are diagonal; α Gender difference is significant at * p < 0.05.

3.2. Stage I: Latent Growth Model Analysis

We conducted a univariate linear LGM (see path diagram in Figure 1) to see if academic
achievement was stable or changed during adolescence. The intercept factor loadings were
set to 1.0, representing the initial starting point of the growth curve at Time 1. The slope
factor loadings were set to 0, 1, and 2 for three time points representing the linear growth
function. The univariate linear models were acceptable based on fit indices. The value of
CFI was 0.981, and the value of RMSEA was 0.066.

3.3. Stage II: Testing the Hypothesized Models

We examined two models. The initial structural model (model 1) was a model with
direct and indirect paths from PA to academic achievement through a mediating variable.
The second structural model (model 2) was a model without a direct path from PA to
academic achievement. For boys, model 1 produced an overall χ2 (107) value of 664.69,
with CFI = 0.951, NNFI = 0.955, and RMSEA = 0.065, and model 2 produced an overall
χ2(108) value of 702.84, with CFI = 0.937, NNFI = 0.910, and RMSEA = 0.071. For girls,
model 1 produced an overall χ2 (107) value of 540.04, with CFI = 0.953, NNFI = 0.954, and
RMSEA = 0.064, and model 2 yielded an overall χ2(108) value of 595.41, with CFI = 0.938,
NNFI = 0.913, and RMSEA = 0.070. A chi-square difference test endorsed model 2. Thus,
we selected model 2 as the final theoretical model (see Figure 2). The results showed
that there were gender differences in the two paths. Specifically, for the path from MVPA
and attention to slope of academic achievement, the effects were significant for girls only
(β = 0.06 and β = 0.18, p < 0.05, respectively). Paths from MVPA to attention and MVPA and
attention to intercepts of academic achievement were significant for both gender groups.
Standardized beta coefficients for these paths are shown in Figure 2.

Concerning the mediating effects, the bootstrap test outcomes specify that the indirect
effects of PA on the intercept of academic achievement through attention (β = 0.03, and
β = 0.02, p < 0.05, for girls and boys, correspondingly) and on the slope of academic
achievement for girls (β = 0.02, p < 0.05) were significant.
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4. Discussion

This study sought to identify the long-term impact of adolescents’ PA on academic
achievement using latent growth modeling. Specifically, we examined the influence of
MVPA in PECs on academic achievement in reading, math, and science from the 7th grade
through to the 9th grade in Korean middle schools.

First, the findings of the current study showed that MVPA in PECs directly and
indirectly affects academic achievement by mediating variable attention for both gender
groups. Such outcomes can be explained by the embodied cognition theory (ECT) [8],
which emphasizes the connection between better fitness and higher cognitive performance.
These findings align with previous findings in that PECs did not have detrimental effects on
academic achievement; instead, it exerted a favorable effect on achievement in classroom
settings [44,45]. Physical activity aids in excluding all other thoughts and emotions by
immersing them in a particular activity [46]. This is frequently mentioned in studies on
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flow experience in sports [46]. Mainly, in exercise, a clear goal for a task is posted, and a
sports instructor provides an individual with a challenging task of difficulty that can only
be performed beyond the person’s average capacity to perform the task. In such a situation,
the individual cannot focus on any external distracting thoughts but concentrates solely
on the task by organizing and analyzing the collected information [3]. Therefore, exercise
provides a sense of control over the activity and encourages pursuing the activity again
by rewarding pleasure [47]. The results imply the value of PE since PA positively affects
adolescents’ cognitive development, which may improve their academic achievement [48].

Second, study findings showed that there are gender differences. For boys, MVPA in
PECs has exerted direct and indirect effects only on initial academic achievement (7th grade)
through attention. These results corroborate previous research. The long-term effect of PA
on academic achievement was confirmed significantly for girls only, not for boys [44,49].
The gender difference in our findings is in accordance with previous research in that girls
experience more significant effects of physical fitness on academic achievement measures
than boys. Since boys are generally more physically robust than girls, the stimulus gained
during co-ed PE classes may not be satisfactory for boys. Therefore, there is a need to offer
the optimal level of PA for boys, which may result in improved cognitive and academic
performance in boys.

Third, for girls, study findings showed that MVPA in PECs had both direct and
indirect effects on initial academic achievement (7th grade) through attention and on
the slope of academic achievement (7th through 9th grade). These findings align with
previous studies in that the greater intensity of PA leads to higher academic achievement
for girls and not for boys [50,51]. The difference in our findings between genders may be
explained by physiological and psychological mechanisms. Adolescent girls have lower
fitness levels [52,53] and lower self-esteem than adolescent boys [54,55]. Therefore, these
variables can cause differences in the relationship between PA and academic achievement.
This might explain that MVPA in PEC can positively influence educational outcomes and
psychological domains, and these effects may vary across gender groups. Extant research
suggests that psychological factors (i.e., self-esteem and depression) are associated with
PA and academic achievement [56,57]. Therefore, these potential confounding variables
should be considered in future studies so that gender-specific prevention programming
can be implemented in school settings.

5. Limitations

This study has several limitations. First, this study utilized a secondary dataset.
Because the PE class information could not be obtained, it is impossible to know which
type of class content and which teaching methods effectively increased attention and
academic achievement. More research is needed to consider the content of PE. Second,
this study relied on self-reported measures. Future research is needed to include more
various measures, including observational data. Third, students’ PA was measured based
on self-reporting. Future researchers should record students’ PA using more objective
measures (e.g., accelerometers, pedometers). Fourth, adolescents’ PA can vary depending
on their physiological background and possible confounding variables (e.g., self-esteem,
depression, perceived puberty status). Therefore, future research needs to address a more
comprehensive understanding of PE and cognitive and academic development across
gender groups.

6. Conclusions

In conclusion, the current study findings have filled the gaps in extant research that
contribute to our understanding of the mechanisms of MVPA on academic achievement by
investigating adolescents’ attention as an internal mediating factor across gender groups.
The current study findings are valuable in that the results are based on nationally repre-
sentative longitudinal panel data along with the utilization of advanced statistical meth-
ods. Empirical studies examining the longitudinal relationship among PA, attention, and
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academic achievement using a non-Western sample are very scarce. Thus, our study is
significant because it has prepared primary data for follow-up studies by verifying the
relationship among these variables for adolescents.

In this study, we found that more time spent in MVPA helped adolescents function
better cognitively and perform better academically. Outcomes were more favorable for
girls. The outcome of the current study confirmed the argument proposed by the em-
bodied cognition theory that improved attention through PA leads to enhanced academic
achievement. It emphasizes the need to develop distinct support for a viable brain/body
educational intervention based on the embodied cognition model. Previous studies report
that a motivational environment constructed by a PE teacher, that is, task-oriented and
mastery-oriented rather than performance-oriented, plays a vital role in students’ cognitive
activity [58]. In addition, PE teachers are reported to promote cognitive activity in PE classes
by supporting students to create their performance routines and participate in self-directed
classes rather than dedicating class time to teaching students perfect forms [59]. This study
could not confirm teachers’ class curricula because panel data were used. However, it
can be suggested that the PE teachers’ class contents are a significant factor in cognitive
development [60,61]. Schools should offer PE programs for their many beneficial influences
on students’ cognitive and academic development. Furthermore, school administrators
and teachers strive to provide gender-sensitive PE programs that reflect gender differences
in physical fitness. Therefore, promoting MVPA can be a crucial educational intervention
strategy in school settings.

Author Contributions: Conceptualization, K.S. and S.Y.; methodology, S.Y.; validation, S.Y.; for-
mal analysis, S.Y.; data curation, K.S.; writing—original draft preparation, K.S., S.Y. and M.K.;
writing—review and editing, S.Y., K.S. and M.K.; supervision, K.S. and S.Y. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was partially supported by the Hankuk University of Foreign Studies, Seoul,
Korea. Research Grant Fund 2024.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study as the data used were secondary
panel data.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available from NYPI Youth and Children Data Archive form
https://www.nypi.re.kr/archive/board?menuId=MENU00329 (accessed on 13 January 2024) with
the permission of National Youth Policy Institute.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bayne, T.; Brainard, D.; Byrne, R.W.; Chittka, L.; Clayton, N.; Heyes, C.; Webb, B. What is cognition? Curr. Biol. 2019, 29, 608–615.

[CrossRef] [PubMed]
2. Sreena, S.; Ilankumaran, M. Developing productive skills through receptive skills—A cognitive approach. Int. J. Eng. Technol.

2018, 7, 669–673. [CrossRef]
3. Moran, A. Concentration: Attention and performance. In The Oxford Handbook of Sport and Performance Psychology; Oxford

Academic: Oxford, UK, 2012; pp. 117–130.
4. Luszczynska, A.; Diehl, M.; Gutiérrez-Doña, B.; Kuusinen, P.; Schwarzer, R. Measuring one component of dispositional self-

regulation: Attention control in goal pursuit. Pers. Individ. Differ. 2004, 37, 555–566. [CrossRef]
5. Hannula, D.E. Attention and long-term memory: Bidirectional interactions and their effects on behavior. In Psychology of Learning

and Motivation; Academic Press: New York, NY, USA, 2018; Volume 69, pp. 285–323.
6. Rueda, M.R.; Checa, P.; Rothbart, M.K. Contributions of attentional control to socioemotional and academic development. Early

Educ. Dev. 2010, 21, 744–764. [CrossRef]
7. Lakoff, G.; Johnson, M.; Sowa, J.F. Review of Philosophy in the Flesh: The embodied mind and its challenge to Western thought.

Comput. Linguist. 1999, 25, 631–634.
8. Varela, F.J.; Thompson, E.; Rosch, E. The Embodied Mind: Cognitive Science and Human Experience; MIT Press: Cambridge, CA,

USA, 1991.

https://www.nypi.re.kr/archive/board?menuId=MENU00329
https://doi.org/10.1016/j.cub.2019.05.044
https://www.ncbi.nlm.nih.gov/pubmed/31287972
https://doi.org/10.14419/ijet.v7i4.36.24220
https://doi.org/10.1016/j.paid.2003.09.026
https://doi.org/10.1080/10409289.2010.510055


Behav. Sci. 2024, 14, 982 8 of 9

9. McClelland, E.; Pitt, A.; Stein, J. Enhanced academic performance using a novel classroom physical activity intervention to
increase awareness, attention and self-control: Putting embodied cognition into practice. Imprv. Sch. 2015, 18, 83–100. [CrossRef]

10. Ma, C. The influence of college physical education teaching on students’ mental health and skill improvement under the embodied
cognition theory. Rev. Psicol. Deporte (J. Sport Psychol.) 2024, 33, 366–375.

11. Schmidt, M.; Benzing, V.; Wallman-Jones, A.; Mavilidi, M.F.; Lubans, D.R.; Paas, F. Embodied learning in the classroom: Effects
on primary school children’s attention and foreign language vocabulary learning. Psychol. Sport Exerc. 2019, 43, 45–54. [CrossRef]

12. Cappuccio, M.L. (Ed.) Handbook of Embodied Cognition and Sport Psychology; MIT Press: Cambridge, CA, USA, 2019.
13. Tomporowski, P.D.; Pesce, C. Exercise, sports, and performance arts benefit cognition via a common process. Psychol. Bull. 2019,

145, 929–951. [CrossRef]
14. Vanhels, J.; Béghin, L.; Duhamel, A.; Manios, Y.; Molnar, D.; De Henauw, S.; Petraki, I. Physical activity is associated with attention

capacity in adolescents. J. Pediatr. 2016, 168, 126–131. [CrossRef]
15. Ng, Q.X.; Ho, C.Y.X.; Chan, H.W.; Yong, B.Z.J.; Yeo, W.S. Managing childhood and adolescent attention-deficit/hyperactivity

disorder (ADHD) with exercise: A systematic review. Complement. Ther. Med. 2017, 34, 123–128. [CrossRef] [PubMed]
16. Xie, Y.; Gao, X.; Song, Y.; Zhu, X.; Chen, M.; Yang, L.; Ren, Y. Effectiveness of physical activity intervention on ADHD symptoms:

A systematic review and meta-analysis. Front. Psychiatry 2021, 12, 706625. [CrossRef] [PubMed]
17. Dang, L.C.; O’Neil, J.P.; Jagust, W.J. Dopamine supports coupling of attention-related networks. J. Neurosci. 2012, 32, 9582–9587.

[CrossRef] [PubMed]
18. Bueno, M.R.D.O.; Zambrin, L.F.; Panchoni, C.; Werneck, A.O.; Fernandes, R.A.; Serassuelo, H., Jr.; Ronque, E.R.V. Association

between device-measured moderate-to-vigorous physical activity and academic performance in adolescents. Health Educ. Behav.
2021, 48, 54–62. [CrossRef]

19. Jenkyns, J.A. The Relationship between the Type of Physical Education Program and Student’s Academic Achievement, Leisure
Time Activity and Perceived Competence. Master’s Thesis, University of Alberta, Edmonton, AB, Canada, 2001.

20. Visier-Alfonso, M.E.; Álvarez-Bueno, C.; Sánchez-López, M.; Cavero-Redondo, I.; Martínez-Hortelano, J.A.; Nieto-López,
M.; Martínez-Vizcaíno, V. Fitness and executive function as mediators between physical activity and academic achievement:
Mediators between physical activity and academic achievement. J. Sports Sci. 2021, 39, 1576–1584. [CrossRef]

21. Zhang, D.; Hong, J.; Chen, S.; Liu, Y. Associations of physical activity with academic achievement and academic burden in
Chinese children and adolescents: Do gender and school grade matter? BMC Public Health 2022, 22, 1496. [CrossRef]

22. Ardoy, D.N.; Fernández-Rodríguez, J.M.; Jiménez-Pavón, D.; Castillo, R.; Ruiz, J.R.; Ortega, F.B. A physical education trial
improves adolescents’ cognitive performance and academic achievement: The EDUFIT study. Scand. J. Med. Sci. Sports 2014, 24,
e52–e61. [CrossRef]

23. Beebe, S.L. The Impact of Content Integration in Physical Education Academic Achievement. Ph.D. Dissertation, Northcentral
University, Scottsdale, AZ, USA, 2011.

24. Kulinna, P.H.; Stylianou, M.; Dyson, B.; Banville, D.; Dryden, C.; Colby, R. The effect of an authentic acute physical education
session of dance on elementary students’ selective attention. Biomed. Res. Int. 2018, 2018, 8790283. [CrossRef]

25. Coe, D.P.; Pivarnik, J.M.; Womack, C.J.; Reeves, M.J.; Malina, R.M. Effect of physical education and activity levels on academic
achievement in children. Med. Sci. Sports Exerc. 2006, 38, 1515–1519. [CrossRef]

26. Travlos, A.K. High intensity physical education classes and cognitive performance in eighth-grade students: An applied study.
Int. J. Sport. Exerc. Psychol. 2010, 8, 302–311. [CrossRef]

27. Wassenaar, T.M.; Wheatley, C.M.; Beale, N.; Salvan, P.; Meaney, A.; Possee, J.B.; Johansen-Berg, H. Effects of a program of vigorous
physical activity during secondary school physical education on academic performance, fitness, cognition, mental health and the
brain of adolescents (Fit to Study): Study protocol for a cluster-randomized trial. Trials 2019, 20, 189. [CrossRef] [PubMed]

28. You, S.; Shin, K.; Kim, M. Long-term effect of physical activity on internalizing and externalizing problems and life satisfaction.
Sustainability 2021, 13, 2322. [CrossRef]

29. Kim, M.; Shin, K.; Park, S. Academic helplessness and life satisfaction in Korean adolescents: The moderated mediation effects of
leisure time physical activity. Healthcare 2023, 11, 298. [CrossRef] [PubMed]

30. Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, J.L.; Lee, S.; Tomporowski, P.; Szabo-Reed, A.N. Physical activity, fitness,
cognitive function, and academic achievement in children: A systematic review. Med. Sci. Sports Exerc. 2016, 48, 1197–1222.
[CrossRef]

31. Adriyani, R.; Iskandar, D.; Camelia, L. Gender differences in motor coordination and physical activity. Adv. Health Sci. Res. 2020,
21, 122–126.

32. Gao, Z.; Lee, A.M.; Harrison, L. Understanding students’ motivation in sport and physical education: From the expectancy-value
model and self-efficacy theory perspectives. Quest 2008, 60, 236–254. [CrossRef]

33. Cho, B.H.; Lim, K.H. Development and validation of emotional or behavioral problems scale. Korean J. Couns. Psycholther. 2003,
15, 729–746.

34. Bae, J. The Effect of Parenting Style, Attention Concentration, Future Goal on Study Habits of Adolescents. Ph.D. Dissertation,
University of Brain Education, Chungcheongnam-do, Republic of Korea, 2017.

35. Choi, J. Gender differences in effects of attention deficit/hyperactivity on depression in early adolescence. J. Korea Contents Assoc.
2014, 14, 285–297. [CrossRef]

https://doi.org/10.1177/1365480214562125
https://doi.org/10.1016/j.psychsport.2018.12.017
https://doi.org/10.1037/bul0000200
https://doi.org/10.1016/j.jpeds.2015.09.029
https://doi.org/10.1016/j.ctim.2017.08.018
https://www.ncbi.nlm.nih.gov/pubmed/28917364
https://doi.org/10.3389/fpsyt.2021.706625
https://www.ncbi.nlm.nih.gov/pubmed/34764893
https://doi.org/10.1523/JNEUROSCI.0909-12.2012
https://www.ncbi.nlm.nih.gov/pubmed/22787044
https://doi.org/10.1177/1090198120954390
https://doi.org/10.1080/02640414.2021.1886665
https://doi.org/10.1186/s12889-022-13886-3
https://doi.org/10.1111/sms.12093
https://doi.org/10.1155/2018/8790283
https://doi.org/10.1249/01.mss.0000227537.13175.1b
https://doi.org/10.1080/1612197X.2010.9671955
https://doi.org/10.1186/s13063-019-3279-6
https://www.ncbi.nlm.nih.gov/pubmed/30940164
https://doi.org/10.3390/su13042322
https://doi.org/10.3390/healthcare11030298
https://www.ncbi.nlm.nih.gov/pubmed/36766872
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1080/00336297.2008.10483579
https://doi.org/10.5392/JKCA.2014.14.11.285


Behav. Sci. 2024, 14, 982 9 of 9

36. Heo, G. A study on the structural relationship among cell phone dependency, self-control ability, and attention with higher-order
Latent Growth Modeling. J. Educ. Media 2013, 19, 861–879.

37. Kim, J.; Song, S. The moderating effect of depression on the relationship between attention problems and school adjustment levels
in middle school students. Stud. Korean Youth 2014, 25, 5–27.

38. Bentler, P.M. Comparative fit indexes in structural models. Psychol. Bull. 1990, 107, 238. [CrossRef] [PubMed]
39. Steiger, J.H.; Lind, J.C. Statistically based tests for the number of common factors. In the Annual Meeting of the Psychometric Society;

Springer Science + Business Media: Iowa City, IA, USA, 1980.
40. Bentler, P.M.; Bonett, D.G. Significance tests and goodness of fit in the analysis of covariance structures. Psychol. Bull. 1980, 88, 588.

[CrossRef]
41. Muthén, L.K.; Muthén, B.O. Mplus: User’s Guide. [Software Manual]; Muthen & Muthen: Los Angeles, CA, USA, 2006.
42. Preacher, K.J.; Hayes, A.F. Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator

models. Behav. Res. Methods 2008, 40, 879–891. [CrossRef]
43. Shrout, P.E.; Bolger, N. Mediation in experimental and nonexperimental studies: New procedures and recommendations. Psychol.

Methods 2002, 7, 422–445. [CrossRef]
44. Carlson, S.A.; Fulton, J.E.; Lee, S.M.; Maynard, L.M.; Brown, D.R.; Kohl III, H.W.; Dietz, W.H. Physical education and academic

achievement in elementary school: Data from the early childhood longitudinal study. Am. J. Public. Health 2008, 98, 721–727.
[CrossRef]

45. Wilkins, J.; Graham, G.; Parker, S.; Westfall, S.; Fraser, R.; Tembo, M. Time in the arts and physical education and school
achievement. J. Curric. Stud. 2003, 35, 721–734. [CrossRef]

46. Nakamura, J.; Csikszentmihalyi, M. The concept of flow. In Flow and the Foundations of Positive Psychology; Springer: Dordrecht,
The Netherlands, 2014; pp. 239–263.

47. Swann, C.; Keegan, R.J.; Piggott, D.; Crust, L. A systematic review of the experience, occurrence, and controllability of flow states
in elite sport. Psychol. Sport. Exerc. 2012, 13, 807–819. [CrossRef]

48. Álvarez-Bueno, C.; Pesce, C.; Cavero-Redondo, I.; Sánchez-López, M.; Garrido-Miguel, M.; Martínez-Vizcaíno, V. Academic
achievement and physical activity: A meta-analysis. Pediatrics 2017, 140, e20171498. [CrossRef]

49. Liao, P.A.; Chang, H.H.; Wang, J.H.; Wu, M.C. Physical fitness and academic performance: Empirical evidence from the national
administrative senior high school student data in Taiwan. Health Educ. Res. 2013, 28, 512–522. [CrossRef]

50. Fox, C.K.; Barr-Anderson, D.; Neumark-Sztainer, D.; Wall, M. Physical activity and sports team participation: Associations with
academic outcomes in middle school and high school students. J. Sch. Health 2010, 80, 31–37. [CrossRef]

51. Kwak, L.; Kremers, S.P.; Bergman, P.; Ruiz, J.R.; Rizzo, N.S.; Sjöström, M. Associations between physical activity, fitness, and
academic achievement. J. Pediatr. 2009, 155, 914–918. [CrossRef] [PubMed]

52. Lee, S.; Ko, B.G.; Park, S. Physical fitness levels in Korean adolescents: The national fitness award project. J. Obes. Metab. Syndr.
2017, 26, 61. [CrossRef] [PubMed]

53. Pojskic, H.; Eslami, B. Relationship between obesity, physical activity, and cardiorespiratory fitness levels in children and
adolescents in Bosnia and Herzegovina: An analysis of gender differences. Front. Physiol. 2018, 9, 1734. [CrossRef] [PubMed]

54. Gomez-Baya, D.; Mendoza, R.; Paino, S. Emotional basis of gender differences in adolescent self-esteem. Psicologia 2016, 30, 1.
[CrossRef]

55. Kayani, S.; Kiyani, T.; Wang, J.; Zagalaz Sánchez, M.L.; Kayani, S.; Qurban, H. Physical activity and academic performance: The
mediating effect of self-esteem and depression. Sustainability 2018, 10, 3633. [CrossRef]

56. Esteban-Cornejo, I.; Tejero-Gonzalez, C.M.; Sallis, J.F.; Veiga, O.L. Physical activity and cognition in adolescents: A systematic
review. J. Sci. Med. Sport 2015, 18, 534–539. [CrossRef]

57. Van Dijk, M.L.; De Groot, R.H.; Van Acker, F.; Savelberg, H.H.; Kirschner, P.A. Active commuting to school, cognitive performance,
and academic achievement: An observational study in Dutch adolescents using accelerometers. BMC Public Health 2014, 14, 799.
[CrossRef]

58. Theodosiou, A.; Papaioannou, A. Motivational climate, achievement goals and metacognitive activity in physical education and
exercise involvement in out-of-school settings. Psychol. Sport Exerc. 2006, 7, 361–379. [CrossRef]

59. Papaioannou, A.; Theodosiou, A.; Pashali, M.; Digelidis, N. Advancing task involvement, intrinsic motivation and metacognitive
regulation in physical education classes: The self-check style of teaching makes a difference. Adv. Physiol. Educ. 2012, 2, 110–118.
[CrossRef]

60. Mura, G.; Vellante, M.; Egidio Nardi, A.; Machado, S.; Giovanni Carta, M. Effects of school-based physical activity interventions
on cognition and academic achievement: A systematic review. CNS Neurol. Disord. Drug Targets 2015, 14, 1194–1208. [CrossRef]

61. Stevens-Smith, D.A. Active bodies/active brains: The relationship between physical engagement and children’s brain develop-
ment. Phys. Educ. 2016, 73, 719–732. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1037/0033-2909.107.2.238
https://www.ncbi.nlm.nih.gov/pubmed/2320703
https://doi.org/10.1037/0033-2909.88.3.588
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.1037/1082-989X.7.4.422
https://doi.org/10.2105/AJPH.2007.117176
https://doi.org/10.1080/0022027032000035113
https://doi.org/10.1016/j.psychsport.2012.05.006
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1093/her/cyt041
https://doi.org/10.1111/j.1746-1561.2009.00454.x
https://doi.org/10.1016/j.jpeds.2009.06.019
https://www.ncbi.nlm.nih.gov/pubmed/19643438
https://doi.org/10.7570/jomes.2017.26.1.61
https://www.ncbi.nlm.nih.gov/pubmed/31089495
https://doi.org/10.3389/fphys.2018.01734
https://www.ncbi.nlm.nih.gov/pubmed/30546322
https://doi.org/10.17575/rpsicol.v30i2.1105
https://doi.org/10.3390/su10103633
https://doi.org/10.1016/j.jsams.2014.07.007
https://doi.org/10.1186/1471-2458-14-799
https://doi.org/10.1016/j.psychsport.2005.10.002
https://doi.org/10.4236/ape.2012.23020
https://doi.org/10.2174/1871527315666151111121536
https://doi.org/10.18666/TPE-2016-V73-I4-6447

	Introduction 
	Methods 
	Participants and Procedure 
	Measures 
	Attention 
	Academic Achievement 
	Physical Activity 

	Statistical Analysis 

	Results 
	Descriptive Statistics 
	Stage I: Latent Growth Model Analysis 
	Stage II: Testing the Hypothesized Models 

	Discussion 
	Limitations 
	Conclusions 
	References

