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ABSTRACT

SYVÄOJA, H. J., A. KANKAANPÄÄ, L. JOENSUU, J. KALLIO, H. HAKONEN, C. H. HILLMAN, and T. H. TAMMELIN. The Lon-

gitudinal Associations of Fitness andMotor Skills with Academic Achievement.Med. Sci. Sports Exerc., Vol. 51, No. 10, pp. 2050–2057, 2019.

Purpose: This study aimed to examine both independent and dependent longitudinal associations of physical fitness (PF) components with

academic achievement.Methods:A total of 954 fourth to seventh graders (9–15 yr [Mage = 12.5 yr], 52% girls) from nine schools throughout

Finland participated in a 2-yr follow-up study. Register-based academic achievement scores (grade point average [GPA]) and PF were

assessed in the spring of 2013–2015. Aerobic fitness was measured with a maximal 20-m shuttle run test, muscular fitness with curl-up

and push-up tests, and motor skills with a 5-leaps test and a throwing–catching combination test. Structural equation modeling was applied

to examine the longitudinal associations adjusting for age, gender, pubertal stage, body fat percentage, learning difficulties, and mother’s ed-

ucation.Results: The changes in aerobic and muscular fitness were positively associated with the changes in GPA (B = 0.27, 99% confidence

interval [CI] = 0.06–0.48; B = 0.36, 99% CI = 0.11–0.63, respectively), whereas the changes in motor skills were not associated with the

changes in GPA. Bettermotor skills in year 2 predicted better GPA a year later (B = 0.06, 99%CI = 0.00–0.11; B = 0.06, 99%CI = 0.01–0.11),

whereas aerobic and muscular fitness did not predict GPA. GPA in year 1 predicted both aerobic (B = 0.08, 99% CI = 0.01–0.15) and mus-

cular (B = 0.08, 99% CI = 0.02–0.15) fitness, and motor skills (B = 0.08, 99% CI = 0.02–0.15) a year later. Conclusion: The changes in both

aerobic and muscular fitness were positively associated with the changes in academic achievement during adolescence, whereas the changes

in motor skills had only borderline significant association. However, better motor skills, although not systematically, independently predicted

better academic achievement 1 yr later, whereas aerobic or muscular fitness did not. Better academic achievement predicted better motor

skills, aerobic fitness, and muscular fitness. Developmental changes in adolescence may induce parallel and simultaneous changes in ac-

ademic achievement and PF. Key Words: AEROBIC FITNESS, MUSCULAR FITNESS, FUNDAMENTAL MOVEMENT SKILLS,

ACADEMIC PERFORMANCE
hysical fitness (PF), including aerobic fitness, muscular addition, higher levels of PF have been associated with better
Pfitness, and motor skills in childhood and adolescence,
predicts many aspects of health later in life (1–3). In
r correspondence: Heidi J. Syväoja, M.Sc., Ph.D., LIKES Research
hysical Activity and Health, Rautpohjankatu 8, Jyväskylä FI-40700,
mail: heidi.syvaoja@likes.fi.
for publication November 2018.
or publication April 2019.
tal digital content is available for this article. Direct URL citations
he printed text and are provided in the HTML and PDF versions
le on the journal’s Web site (www.acsm-msse.org).

/19/5110-2050/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
f the American College of Sports Medicine. This is an open-access
ibuted under the terms of the Creative Commons Attribution-Non
l-No Derivatives License 4.0 (CCBY-NC-ND), where it is permis-
nload and share the work provided it is properly cited. The work
hanged in any way or used commercially without permission from
.

49/MSS.0000000000002031

2050
academic achievement in children and adolescents using both
cross-sectional (4–6) and longitudinal (7–9) studies.More spe-
cifically, aerobic fitness (10–13) and motor skills (14–17), but
not muscular fitness (12,18), have been positively associated
with academic achievement (17). However, the associations
of muscular fitness (19) and motor skills (17) with academic
achievement have not been as extensively studied and are far
less reported, to date. Despite previous literature indicating a
largely positive relationship between PF and academic
achievement, there remain inconsistencies in the findings as
well as a lack of longitudinal studies adjusting for important
confounding factors (20) to better understand the direct and in-
direct relationships among these variables. Importantly, no
studies have examined independent or dependent predictive
effects of aerobic or muscular fitness and motor skills on aca-
demic achievement.

Accordingly, the purpose of this study was to examine the
longitudinal association of different components of PF with
academic achievement while accounting for other factors
(e.g., age, gender, pubertal stage, body fat percentage, learning
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difficulties, and mother’s education) that have been found to
relate to physical and academic outcomes. We further exam-
ined whether PF components in previous years independently
or dependently predicted future academic achievement and
vice versa. We predicted that changes in PF would be posi-
tively associated with changes in academic achievement and
that PF components would independently predict future aca-
demic achievement. From a public health perspective, it is im-
portant to understand whether these health factors may also
underline academic achievement, linking physical and cogni-
tive health.
A
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METHODS

Study Population and Design

The study was a part of the follow-up on the Finnish
Schools on the Move program. The students were recruited
from nine primary and lower secondary schools, five of which
were participating in the program and four were not. Of the
1710 students in grades 4–7 (9–15 yr old) who were invited
to participate in the study, 970 (12.6 ± 1.3 yr) volunteered their
participation. Students’ academic achievement and PF were
assessed three times in the spring of 2013 (T1), 2014 (T2),
and 2015 (T3). Student had his/her successive springmeasure-
ments in the same month. Both the students and their guard-
ians gave written informed consent to participate. Children,
who needed specialized support with individualized educa-
tional plan, were excluded from the analyses, and the final
sample size was 954 (9–15 yr [Mage = 12.5 yr], 52% girls).
The study protocol was approved by the Ethics Committee
of the University of Jyväskylä.

Academic Achievement

The academic achievement scores (teacher-rated grades in
individual school subjects) were provided by education services.
Grade point averages (GPA) were calculated as the mean of the
ollowing grades to indicate overall academic achievement:
native language (in most cases, Finnish or Swedish), first for-
eign language (beginning in grade 3), mathematics, physics,
chemistry, biology, geography, history, and religion or ethics.
The grades refer to numerical assessment on a scale of 4–10,
where 4 denotes failure and 10 denotes excellent knowledge
and skills.

PF

Aerobic fitness, muscular fitness, and motor skills were
assessed via measurements included in the Move!—a moni-
toring system for physical functional capacity (21,22). The
measurements and reliability statistics are described in more
detail in the study of Joensuu et al. (22). Measurements were
performed on students by trained research staff. Students were
able to practice the measurement techniques before the assess-
ment. Students reported issues performing tests due to injuries
and lack of motivation. In such instances, the student’s test
scores were recorded as missing values.
FITNESS, MOTOR SKILLS, AND ACADEMIC SUCCESS
Aerobic fitness. Aerobic fitness was measured with a
maximal 20-m shuttle run test (23). Running speed was grad-
ually increased with 1-min intervals until maximal voluntary
exhaustion. Measurement follows the Eurofit protocol (24)
with slight modifications to the number of laps per stage, see
supplement document in the study of Joensuu et al. (22). Initial
speed was 8.0 km·h−1, next speed 9.0 km·h−1, and increment
after that 0.5 km·h−1 per stage. Result was counted as the num-
ber of laps run during the test. The results were standardized
according to gender and age-group.

Muscular fitness.Abdominal strengthwasmeasuredwith a
curl-up test, which used a modified version of the FitnessGram
curl-up (25) with slightly faster cadence. The number of curl-
ups performed was counted with the maximal number of repeti-
tions limited to 75. Upper-body muscle strength was measured
with a push-up test (26). Boys and girls perform push-ups with
different techniques; boys had hands and toes on the ground,
whereas girls had hands and knees on the ground. The number
of push-ups performed during a 1-min period was counted. The
number of curl-ups and push-ups was standardized according
to gender and age-group, and muscular fitness was calculated
as a sum of the standardized scores.

Motor skills (fundamental movement skills). Loco-
motor skills were measured with the 5-leaps test (27). Students
performed five consecutive leaps with the instruction to jump
as far as they can. The first leap was performed with double
legs and then followed by single leg leaps with alternating legs.
Landing was performed on double legs. The length of the perfor-
mance is recorded with 0.1-m accuracy.Manipulative skills were
measured with a throwing–catching combination test (21). Stu-
dents attempted to throw a tennis ball from a set distance with
an overhand throw to a target placed on the wall and then catch
the ball after one bounce. The number of correctly performed
attempts out of 20 was counted. Both test results were stan-
dardized according to gender and age-group, and motor skills
were calculated as a sum of the standardized scores.

Potential Confounding Factors

All potential confounding factors were assessed at the base-
line assessment in spring 2013. A parent or guardian reported
children’s learning difficulties and mother’s education by an-
swering the following questions in a web-based survey: “Does
your child have any diagnosed learning difficulties?” (categori-
zation, yes [1] and no [0]). “What is the level of mother’s edu-
cation?” (categorization, tertiary level education [1] and basic or
upper secondary education [0]). Children’s body fat percentage
was measured via body composition analyzer InBody 720 and
pubertal stage via the self-assessment questionnaire and catego-
rized according to the Tanner puberty stage (28).

Statistical Analyses

Descriptive statistics were calculated using the Statistical
Package for the Social Sciences for Windows (version 20.0;
SPSS Inc., Chicago, IL), and all further analyses were con-
ducted using Mplus statistical package (version 7) (29). The
Medicine & Science in Sports & Exercise® 2051
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descriptive statistics are presented as mean and SD or percent-
ages. Differences in the study variables between girls and boys
were tested via Student’s t-test or Pearson’s chi-squared test.

To study longitudinal associations of PF with academic
achievement, data were analyzed in two ways using structural
equation modeling. Linear growth curve modeling (LGM)
was used to study whether the level and the development of
PF were associated with the development of GPA over time.
LGM allows capturing individual differences in development
over time in the growth parameters, latent variables of level
and slope. Level represents the initial status of the outcome
and slope represents the rate of change of the outcome over
time. The slope of GPA was separately regressed on the
growth parameters of each PF test (Fig. 1). Furthermore, a
cross-lagged path model was used to investigate bivariate
FIGURE 1—Path diagram of the final LGM. Circles denote latent variables a
separately on growth factors of each PF and motor skills. All the regressions
and additionally body fat percentage.

2052 Official Journal of the American College of Sports Medicine
predictive associations between PF and GPA and finally recip-
rocal associations among PF components and GPA in the
same model. Indirect effects of interest were calculated and
tested for significance. All the models were adjusted for poten-
tial confounding variables, including age, gender, pubertal
stage, body fat percentage, mother’s education, and learning
difficulties. Details of the modeling procedure are presented in
the Appendix (see Appendix, Supplemental Digital Content 1,
Statistical Analysis, http://links.lww.com/MSS/B620). The sig-
nificance level for the study was set at 0.01.
RESULTS

Table 1 presents gender-specific distributions and gender
differences in observed variables at baseline. Information on
nd squares denote observed variables. The slope of GPA was regressed
were adjusted for age, gender, mother’s education, learning difficulties,
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TABLE 1. Gender-specific distributions and gender differences in observed variables at baseline.

Total (N = 954) Boys (n = 458) Girls (n = 496)

n Mean ± SD n Mean ± SD n Mean ± SD P

Age (yr) 953 12.5 ± 1.3 462 12.6 ± 1.3 507 12.5 ± 1.3 0.57
Academic achievement (GPA)a 837 8.2 ± 0.7 403 8.0 ± 0.9 446 8.3 ± 0.9 <0.001
Aerobic fitness (laps)b 857 41.9 ± 18.9 407 47.5 ± 20.4 461 37.0 ± 15.9 <0.001
Muscular fitness

Abdominal strength (repetitions)c 881 37.0 ± 20.5 422 39.6 ± 21.0 471 34.9 ± 19.9 0.001
Upper-body muscle strength (repetitions)d 864 20.5 ± 13.0 411 16.7 ± 11.7 464 22.1 ± 13.2 <0.001

Motor skills
Locomotor skills (m)e 872 8.2 ± 1.1 415 8.5 ± 1.2 466 8.0 ± 1.0 <0.001
Manipulative skills (repetitions)f 886 12.0 ± 4.9 424 12.6 ± 5.0 474 11.5 ± 4.8 0.001

Body fat percentage (%) 899 18.4 ± 8.4 426 15.3 ± 8.3 485 21.2 ± 7.5 <0.001
Pubertal stageg 898 2.7 ± 1.0 426 2.7 ± 1.0 472 2.6 ± 0.9 0.14
Learning difficulties (yes) 607 10.4% 299 12.7% 308 8.1% 0.06
Mothers education (tertiary level education) 609 71.1% 299 74.6% 310 67.7% 0.06
Number of schools 9
Number of classes 84

P value for gender differences (Student’s t-test or Pearson’s chi-squared test).
aAcademic achievement, GPA (a mean of the school grades with a scale of 4–10, where 4 denotes a failure and 10 denotes excellent knowledge and skills).
bAerobic fitness, a maximal 20-m shuttle run test (the number of laps run).
cAbdominal strength, a curl-up test (the number of curl-ups performed).
dUpper-body muscle strength, a push-up test (the number of push-ups performed).
eLocomotor skills, a 5-leaps test (the length of the performance [m]).
fManipulative skills, a throwing–catching combination test (the number of correctly performed attempts).
gPubertal stage, based on self-assessment questionnaire and categorized according to the Tanner puberty stage, range 1–5.
missing data is provided in the Appendix (see Results, Missing
data, Supplemental Digital Content 1, http://links.lww.com/
MSS/B620).

LGM

The correlation coefficients among the growth parameters
are presented in Table 2, and the estimation results of the final
models are presented in Table 3 (see Results, LGM, and
Tables S1–S3, Supplemental Digital Content 1, for details on
modeling procedure, http://links.lww.com/MSS/B620). The
changes in aerobic fitness andmuscular fitness were positively
associated with the changes in GPA (B = 0.27, 99% confi-
dence interval [CI] = 0.06–0.48;B= 0.36, 99%CI = 0.11–0.63,
respectively). In addition, the association between the change
in motor skills and the change in GPA was borderline signifi-
cant (B = 0.22, 99% CI = −0.06–0.50). These associations
were adjusted for age, gender, pubertal stage, body fat per-
centage, mother’s education, and learning difficulties.

Cross-Lagged Path Models

The estimation results of the bivariate cross-lagged path
models revealed that better motor skills at T2 predicted better
TABLE 2. The correlation coefficients between the growth parameters (n = 954).

GPA Aerobic F

Level Slope Level

GPA Level 1
Slope 0.21** 1

Aerobic fitness Level 0.29*** 0.07 1
Slope 0.03 0.24* −0.23**

Muscular fitness Level 0.30*** 0.01 0.75***
Slope 0.09 0.46** −0.11

Motor skills Level 0.19*** 0.11 0.68***
Slope 0.06 0.17 −0.08

***P < 0.001.
**P < 0.01.
*P < 0.05.

FITNESS, MOTOR SKILLS, AND ACADEMIC SUCCESS
GPA a year later (B = 0.06, 99% CI = 0.01–0.11), but not
vice versa, whereas aerobic and muscular fitness had a bor-
derline significant predictive effect on GPA (B = 0.05, 99%
CI = 0.00–0.10 and B = 0.04, 99% CI = −0.01–0.09, respec-
tively) (see Results, Cross-Lagged Path Models, and Tables S1
and S3, Supplemental Digital Content 1, for details on themodel-
ing procedure, http://links.lww.com/MSS/B620, and Table S4,
Supplemental Digital Content 1, for results, http://links.lww.
com/MSS/B620). Better GPA at T1 predicted better aerobic
and muscular fitness (B = 0.08, 99% CI = 0.03–0.13 and
B = 0.08, 99% CI = 0.00–0.16, respectively) and motor skills
(B = 0.09, 99%CI = 0.01–0.17) a year later, but not vice versa.
The following results are the estimated results of the final
models, including GPA, motor skills, and aerobic fitness
or muscular fitness in the same model (see text and Tables
S1 and S3, Supplemental Digital Content 1, for details on
the modeling procedure, http://links.lww.com/MSS/B620).
All the regressions were adjusted for age, gender, pubertal
stage, body fat percentage, mother’s education, and learn-
ing difficulties.

GPA. Better GPA at T1 predicted better aerobic fitness at
T2 (B = 0.08, 99% CI = 0.01–0.15, Fig. 2A). Furthermore, a
predictive effect of GPA at T2 on better aerobic fitness at T3
itness Muscular Fitness Motor Skills

Slope Level Slope Level Slope

1
−0.16 1
0.95*** 0.02 1
−0.20* 0.65*** −0.06 1
0.57** −0.02 0.61** −0.23** 1

Medicine & Science in Sports & Exercise® 2053
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TABLE 3. The estimation results of LGM (n = 954).

Aerobic Fitness Muscular Fitness Motor Skills

B 99% C1 P B 99% CI P B 99% CI P

The regression model for the slope of GPAa

Level of fitness/skillsb 0.13 −0.07 to 0.32 0.10 0.00 −0.26 to 0.25 0.99 0.16 −0.05 to 0.32 0.058
Slope of fitness/skillsb 0.27 0.06 to 0.48 0.001 0.36 0.11 to 0.63 <0.001 0.22 −0.06 to 0.50 0.046

The correlation coefficients between the growth factors
Level of GPA
Slope of GPA 0.12 −0.04 to 0.28 0.05 0.15 −0.03 to 0.33 0.031 0.03 −0.23 to 0.27 0.85
Level of fitness/skillsb 0.28 0.19 to 0.38 <0.001 0.29 0.19 to 0.39 <0.001 0.17 0.07 to 0.28 <0.001
Slope of fitness/skillsb 0.03 −0.15 to 0.20 0.69 0.07 −0.12 to 0.25 0.37 0.33 −0.04 to 1.02 0.016

Change of academic achievement (slope of GPA). B, standardized regression coefficient.
aThe final model was adjusted for gender, age, pubertal status, body fat percentage, mother’s high education, and learning difficulties.
bThe name of the test corresponds case wisely the name presented in the columns (aerobic fitness, muscular fitness, and motor skills).
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was borderline significant (B = 0.07, 99% CI = −0.01–0.15;
Fig. 2A). Better GPA at T1 predicted better muscular fitness
at T2 (B = 0.08, 99% CI = 0.02–0.15; Fig. 2B), but GPA at
T2 did not predict muscular fitness at T3. Similarly, better
GPA at T1 predicted better motor skills at T2 (B = 0.08,
99% CI = 0.01–0.15, Fig. 2A; B = 0.08, 99% CI = 0.02–0.15,
Fig. 2B), but GPA at T2 did not predict motor skills at T3.

Aerobic and muscular fitness. Aerobic fitness or mus-
cular fitness did not predict GPA. Better aerobic fitness pre-
dicted better motor skills at every time point (B = 0.09, 99%
FIGURE 2—The estimation results of the final cross-lagged pathmodels for GPA
cular fitness (B) (n = 954). The standardized regression coefficients (standard err
of coefficients.

2054 Official Journal of the American College of Sports Medicine
CI = 0.02–0.17; B = 0.08, 99% CI = 0.01–0.16), and motor
skills at T1 predicted better aerobic fitness at T2 (B = 0.07,
99% CI = 0.00–0.15) (Fig. 2A). Likewise, better muscular
fitness predicted better motor skills (B = 0.08, 99%
CI = 0.02–0.15;B = 0.13, 99%CI = 0.06–0.20), and vice versa
at T1 (B = 0.13, 99% CI = 0.04–0.21) (Fig. 2B).

Motor skills. Better motor skills at T2 predicted better
GPA at T3 (B = 0.06, 99% CI = 0.00–0.11, Fig. 2A; B = 0.06,
99% CI = 0.01–0.11, Fig. 2B). However, motor skills at T1
did not predict GPA at T2.
, motor skills, and aerobic fitness (A) and for GPA, motor skills, and mus-
ors) are presented. The thicknesses of the lines are proportional to the size

http://www.acsm-msse.org
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Indirect Effects

A positive predictive effect of aerobic fitness on GPA
through motor skills was borderline significant (B = 0.005,
SE = 0.002, P = 0.029). Likewise, a positive predictive effect
of muscular fitness on GPA through motor skills was border-
line significant (B = 0.003, SE = 0.001, P = 0.028).
A
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DISCUSSION

Main study findings. This 2-yr longitudinal study
showed that changes in both aerobic andmuscular fitness were
positively associated with changes in academic achievement
during adolescence, whereas changes in motor skills had only
borderline significant association with changes in academic
achievement. However, better motor skills at T2 independently
predicted better academic achievement 1 yr later, whereas
aerobic or muscular fitness did not. Further, better academic
achievement at T1 predicted better motor skills, aerobic fitness,
and muscular fitness at T2. In addition to direct analyses, indi-
rect analyses suggest that both aerobic and muscular fitness
may have a positive predictive effect on academic achievement
through motor skills performance.

Motor skills and academic achievement. Previous
studies have shown that better motor skills in childhood and
adolescence predict better academic achievement later in ado-
lescence (14,16). Kantomaa et al. (14) showed that compro-
mised motor skills (fundamental movement skills and fine
motor skills) in childhood predicted lower academic achieve-
ment in adolescence. Similarly, Jaakkola et al. (16) showed
that higher fundamental movement skills measured in grade
8 predicted better academic achievement in grade 9. Although
the change in motor skills was not clearly associated with the
change in academic achievement, our results support previous
findings by showing that better motor skills at T2 predicted
better academic achievement 1 yr later. However, a similar as-
sociation was not seen during the year before (T1). Further-
more, our results are in line with Muntader-Mas et al. (17),
who showed that speed–agility had a strongest and most inde-
pendent (of other fitness components) association with aca-
demic achievement.

Aerobic and muscular fitness and academic
achievement. Previous longitudinal studies have shown
that higher fit adolescents have higher academic achievement
scores compared with lower fit adolescents; however, these
studies have not been able to demonstrate a significant effect
of the fitness trajectory on academic achievement scores
across time (7,8). The latest longitudinal studies demon-
strated that improvements in aerobic fitness (13) and PF in
general (9) were associated with improvements in academic
achievements. Bezold et al. (9) indicated that an increase in
fitness expressed as a composite of three fitness test (aerobic
capacity, muscle strength, and endurance) was associated
with an increase in academic scores and, importantly, that a
decrease in fitness was also associated with a decrease in
academic scores.
FITNESS, MOTOR SKILLS, AND ACADEMIC SUCCESS
Our results are in line with these previous studies showing
that change in both aerobic and muscular fitness was posi-
tively associated with change in academic achievement. How-
ever, given the nature the study design, our findings from
linear growth curve analysis do not yet indicate a causal rela-
tionship. That is, the observed changes in fitness measures
and academic achievement that occur around the same point
in development suggest a beneficial relationship between
physical health and cognition, but such an observation may
be due to other (unidentified) factors and, thus, may be inde-
pendent of each other. Our cross-lagged analyses strengthen
this idea. Aerobic or muscular fitness did not predict academic
achievement independently. The predictive association of both
aerobic and muscular fitness with future academic achieve-
ment became marginally significant when body fat percentage
were added to the bivariate models (see Results, Table S5 and
Fig. S1, Supplemental Digital Content 1, for details, http://
links.lww.com/MSS/B620). Although body fat and aerobic
or muscular fitness did not have statistically significant inter-
action effects on academic achievement in this study, body
fat appears to hinder the predictive effect of fitness on some
level. The related study of Esteban-Cornejo et al. (30) showed
that even in a homogeneous sample of overweight and obese
children, body fat mediated the association of aerobic fitness
and overall cortical thickness and suggested that body fat
may hinder the beneficial effect of fitness on brain health. Fur-
thermore, when motor skills were added to the models along
with aerobic or muscular fitness and body fat, the predictive
effect of aerobic fitness and muscular fitness became nonsig-
nificant (Fig. 2), illustrating the strong role of motor skills.
These findings differ from previous findings, which suggest
that aerobic fitness is independently associated with academic
achievement (12,13). More longitudinal research is needed to
clarify the independent and dependent predictive effects of PF
on academic achievement and cognitive health.

Indirect associations. In this study, we also examined
the indirect effects of aerobic and muscular fitness with aca-
demic achievement through motor skills. The findings herein
suggest that aerobic and muscular fitness did not predict aca-
demic achievement directly but may have a positive predictive
effect on academic achievement via motor skills performance.
These results suggest that motor skills performance is a stron-
ger factor in association with academic achievement than aer-
obic or muscular fitness and may underlie the associations of
aerobic and muscular fitness with academic success. Previous
studies have shown that low perceptions of motor competence
predict physical inactivity, poor fitness, and obesity, whereas
low levels of physical activity may lead to low motor skills
and poor fitness (31). These results highlight the importance
of such physical activity, which enhances motor skills.

Other possible factors mediating the association between
fitness and academic achievement are brain functioning and
cognition. That is, better aerobic fitness has been positively
associated with enhanced cerebrovascular function and in-
creased molecular and cellular factors in the brain (32), as well
as structural and functional changes in subcortical and cortical
Medicine & Science in Sports & Exercise® 2055
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structures (33–36). Such changes in neural architecture and
function enhance cognitive functions (37) and in that way may
affect academic achievement.

Bidirectional association of PF and academic
achievement. Our results also show that higher academic
achievement at T1 predicted better motor skills during the next
year. Although motor fitness did not systematically predict ac-
ademic achievement or vice versa, the results suggest that a
positive bidirectional loop may exist between motor fitness
and academic achievement, with better academic achievement
predicting better motor fitness and better motor fitness predicting
better academic achievement. Previous studies have shown that
motor skills are not fully developed until adolescence; likewise,
complex cognitive functions, especially executive functions im-
portant for learning and academic success, continue to develop
throughout childhood and adolescence (38–40). In addition,
motor development and cognitive development are closely in-
terrelated (38,40), which may explain the close relationship
between motor fitness and academic achievement.

In a related study, Aaltonen et al. (41) indicated that better
academic performance in adolescence modestly predicted
more frequent leisure-time physical activity in late adoles-
cence and young adulthood. According to neuroselection hy-
pothesis, intelligence enhances individuals’ ability to make
better choices related to physical health (42). Furthermore, ad-
olescence is a period of the life span characterized by the rapid
development of life management skills, including physical,
behavioral, and cognitive skills, needed in every life (43). Bet-
ter cognitive ability and higher-level of life management skills
may drive the motivation to succeed in both academics and PF
tests, and therefore explain the association of physical health
and academic success. In conclusion, it is possible that the
associations of PF and activity with academic performance
is bidirectional.

Strengths and limitations. This study contributes to the
current paucity of research in the literature examining the
2056 Official Journal of the American College of Sports Medicine
longitudinal association of aerobic fitness, muscular fitness,
and motor skills with academic achievement in adolescence.
This study has several strengths in that we used a large and
representative study sample, a large range of PF components
were assessed, several important confounding factors were
considered, and we used a comprehensive analytical approach
that utilized structural equationmodeling. Further, this study is
the first study showing the dependent predictive role of the
motor skills and PF in association with academic performance.
The major limitation herein was that academic achievement
scores were based on teacher ratings. However, to counter po-
tential biases of individual teacher ratings, class and school
were also considered in the analyses. There remains a need
for intervention studies to confirm these results.

CONCLUSIONS

In this study, the changes in both aerobic and muscular fit-
ness were positively associated with change in academic
achievement during adolescence, whereas the change in motor
skills had only borderline significant association with the
change in academic achievement. However, better motor
skills, although not systematically, independently predicted
better academic achievement 1 yr later, whereas aerobic or
muscular fitness did not. Further, better academic achievement
predicted better motor skills, aerobic fitness, and muscular fit-
ness. Developmental changes, both biological and behavioral,
during adolescence may induce parallel and simultaneous
changes in academic achievement and PF, and understanding
such relationships may be important for our understanding of
public health during adolescence.

This studywas fundedby the Academy of Finland (grant no. 273971)
and the Finnish Ministry of Education and Culture (grant no. OKM/92/
626/2013). The authors declare that there are no conflicts of interest.
The results of the present study do not constitute endorsement by
the American College of Sports Medicine. The authors declare that
the results of the study are presented clearly, honestly, andwithout fab-
rication, falsification, or inappropriate data manipulation.
REFERENCES
1. Ruiz JR, Castro-Piñero J, Artero EG, et al. Predictive validity of

health-related fitness in youth: a systematic review. Br J Sports
Med. 2009;43(12):909–23.

2. Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Funda-
mental movement skills in children and adolescents: review of asso-
ciated health benefits. Sports Med. 2010;40(12):1019–35.

3. Robinson LE, Stodden DF, Barnett LM, et al. Motor competence and
its effect on positive developmental trajectories of health. Sport Med.
2015;45(9):1273–84.

4. Chomitz V, Slining M,McGowan R, Mitchell S, Dawson G, Hacker K.
Is there a relationship between physical fitness and academic
achievement? Positive results from public school children in the
northeastern United States. J Sch Health. 2009;79(1):30–7.

5. Van Dusen D, Kelder S, Kohl H, Ranjit N, Perry C. Associations of
physical fitness and academic performance among schoolchildren*.
J Sch Health. 2011;81(12):733–40.

6. Torrijos-Niño C, Martínez-Vizcaíno V, Pardo-Guijarro MJ, García-
Prieto JC, Arias-Palencia NM, Sánchez-López M. Physical fitness,
obesity, and academic achievement in schoolchildren. J Pediatr. 2014;
165(1):104–9.
7. London R, Castrechini S. A longitudinal examination of the link
between youth physical fitness and academic achievement. J Sch
Health. 2011;81(7):400–8.

8. Wittberg RA, Northrup KL, Cottrell LA. Children’s aerobic fitness and
academic achievement: a longitudinal examination of students during their
fifth and seventh grade years. Am J Public Health. 2012;102(12):2303–7.

9. Bezold CP, Konty KJ, Day SE, et al. The effects of changes in phys-
ical fitness on academic performance among New York City youth.
J Adolesc Health. 2014;55(6):774–81.

10. Roberts C, Freed B, McCarthy W. Low aerobic fitness and obesity
are associated with lower standardized test scores in children.
J Pediatr. 2010;156(5):711–8.

11. Davis CL, Cooper S. Fitness, fatness, cognition, behavior, and aca-
demic achievement among overweight children: do cross-sectional
associations correspond to exercise trial outcomes? Prev Med.
2011;52(1 Suppl):S65–9.

12. Esteban-Cornejo I, Tejero-González CM, Martinez-Gomez D, et al.
Independent and combined influence of the components of physical
fitness on academic performance in youth. J Pediatr. 2014;165(2):
306–12.e2.
http://www.acsm-msse.org

http://http://www.acsm-msse.org


13. Sardinha LB, Marques A, Minderico C, et al. Longitudinal relation-
ship between cardiorespiratory fitness and academic achievement.
Med Sci Sports Exerc. 2016;48(5):839–44.

14. Kantomaa MT, Stamatakis E, Kankaanpää A, et al. Physical activity
and obesity mediate the association between childhood motor function
and adolescents’ academic achievement. Proc Natl Acad Sci U S A.
2013;110(5):1917–22.

15. Haapala EA, Poikkeus AM, Tompuri T, et al. Associations of motor
and cardiovascular performance with academic skills in children.
Med Sci Sports Exerc. 2014;46(5):1016–24.

16. Jaakkola T, Hillman C, Kalaja S, Liukkonen J. The associations
among fundamental movement skills, self-reported physical activity
and academic performance during junior high school in Finland.
J Sports Sci. 2015;33(16):1719–29.

17. Muntaner-mas A, Palou P, Vidal-conti J, Esteban-cornejo I. Amediation
analysis on the relationship of physical fitness components, obesity, and
academic performance in children. J Pediatr. 2018;198:90–97.e4.

18. Kalantari HA, Esmaeilzadeh S. Association between academic
achievement and physical status including physical activity, aerobic
and muscular fitness tests in adolescent boys. Environ Health Prev
Med. 2016;21(1):27–33.

19. Smith JJ, Eather N,Morgan PJ, Plotnikoff RC, FaigenbaumAD, Lubans
DR. The health benefits of muscular fitness for children and adolescents:
a systematic review and meta-analysis. Sport Med. 2014;44(9):1209–23.

20. Donnelly JE, Hillman CH, Castelli D, et al. Physical activity, fitness,
cognitive function, and academic achievement in children. Med Sci
Sport Exerc. 2016;48(6):1197–222.

21. Jaakkola T, Sääkslahti A, Liukkonen J, Iivonen S. Peruskoululaisten
fyysisen toimintakyvyn seurantajärjestelmä. Jyväskylä: University of
Jyväskylä; 2012. 183 p.

22. Joensuu L, Syväoja H, Kallio J, Kulmala J, Kujala UM, Tammelin
TH. Objectively measured physical activity, body composition and
physical fitness: cross-sectional associations in 9- to 15-year-old chil-
dren. Eur J Sport Sci. 2018;18(6):882–92.

23. Nupponen H, Soini H, Telama R. Koululaisten kunnon ja
liikehallinnan mittaaminen [Test manual of motor fitness and abili-
ties for schools.]. Liikunnan ja kansanterveyden julkaisuja 118; 1999.

24. Tomkinson GR, Carver KD, Atkinson F, et al. European normative
values for physical fitness in children and adolescents aged 9–17 years:
results from 2 779 165 Eurofit performances representing 30 countries.
Br J Sports Med. 2018;52:1445–56.

25. Plowman SA, Meredith MD. Fitnessgram/Activitygram Reference
Guide. 4th ed. Dallas (TX): The Cooper Institute; 2013. 202 p.

26. Malmberg J. Basic physical fitness tests in the Finnish Defence
Forces. In: Malmberg J, editor. Physical Fitness Tests in the Nordic
Armed Forces—A Description of Basic Test Protocols. Oslo: The
Norwegian Defence University College, Norwegian School of Sport
Sciences/Defence Institute; 2011. p. 90.

27. Jaakkola T, Kalaja S, Arijutila JL, Virtanen P, Watt A. Relations
among physical activity patterns, lifestyle activities, and fundamental
movement skills for Finnish students in grade 7. Percept Mot Skills.
2009;108(1):97–111.
FITNESS, MOTOR SKILLS, AND ACADEMIC SUCCESS
28. Taylor SJ, Whincup PH, Hindmarsh PC, Lampe F, Odoki K,
Cook DG. Performance of a new pubertal self-assessment question-
naire: a preliminary study. Paediatr Perinat Epidemiol. 2001;15(1):
88–94.

29. Muthén L, Muthén B, editors. Mplus User’s Guide. 7th edition. Los
Angeles (CA): Muthén & Muthén. [Internet]; 2012.

30. Esteban-Cornejo I, Mora-Gonzalez J, Cadenas-Sanchez C, et al. Fit-
ness, cortical thickness and surface area in overweight/obese chil-
dren: the mediating role of body composition and relationship with
intelligence. Neuroimage. 2019;186:771–81.

31. Stodden DF, Goodway JD, Langendorfer SJ, et al. A developmental
perspective on the role of motor skill competence in physical activity:
an emergent relationship. Quest. 2008;60:290–306.

32. Davenport MH, Hogan DB, Eskes GA, Longman RS, Poulin MJ.
Cerebrovascular reserve: the link between fitness and cognitive
function? Exerc Sport Sci Rev. 2012;40(3):153–8.

33. Chaddock L, Erickson KI, Prakash RS, et al. A neuroimaging in-
vestigation of the association between aerobic fitness, hippocampal
volume, and memory performance in preadolescent children. Brain
Res. 2010;1358:172–83.

34. Chaddock L, Erickson KI, Prakash RS, et al. Basal ganglia volume
is associated with aerobic fitness in preadolescent children. Dev
Neurosci. 2010;32(3):249–56.

35. Chaddock-Heyman L, Erickson KI, Voss MW, et al. The effects of
physical activity on functional MRI activation associated with cogni-
tive control in children: a randomized controlled intervention. Front
Hum Neurosci. 2013;7:72.

36. Esteban-Cornejo I, Cadenas-Sanchez C, Contreras-Rodriguez O, et al.
A whole brain volumetric approach in overweight/obese children: ex-
amining the association with different physical fitness components
and academic performance. The ActiveBrains Project. Neuroimage.
2017;159:346–54.

37. Lubans D, Richards J, Hillman C, et al. Physical activity for cognitive
and mental health in youth: a systematic review of mechanisms.
Pediatrics. 2016;138(3):e20161642.

38. Davis EE, Pitchford NJ, Limback E. The interrelation between cogni-
tive and motor development in typically developing children aged
4–11 years is underpinned by visual processing and fine manual con-
trol. Br J Psychol. 2011;102(3):569–84.

39. Best JR, Miller PH. A developmental perspective on executive func-
tion. Child Dev. 2010;81(6):1641–60.

40. Diamond A. Close interrelation of motor development and cognitive
development and of the cerebellum and prefrontal cortex. Child Dev.
2000;71(1):44–56.

41. Aaltonen S, Latvala A, Rose RJ, Kujala UM, Kaprio J. Leisure-time
physical activity and academic performance: cross-lagged associ-
ations from adolescence to young adulthood. Sci Rep. 2016;6:
39215.

42. Gottfredson LS, Deary IJ. Intelligence predicts health and longevity,
but why? Curr Dir Psychol Sci. 2004;13(1):1–4.

43. Jones MI, Lavallee D. Exploring the life skills needs of British
adolescent athletes. Psychol Sport Exerc. 2009;10(1):159–67.
Medicine & Science in Sports & Exercise® 2057

A
PPLIED

SC
IEN

C
ES


