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Abstract

Purpose. The objectives of this study were to to determine whether longitudinal changes in
accelerometer-assessed moderate to vigorous physical activity (MVPA) were associated with
changes in educational outcomes (i.e., academic performance and mathematics engagement),
and to examine whether the association was non-linear.

Methods. Longitudinal data was collected from 2,194 Australian adolescents (mean

age = 13.40 years, SD =.73) at two timepoints (Term 1 2014 and Term 2 2015). To measure
total MVPA, adolescents wore an accelerometer for seven consecutive days. Participants
responded to a questionnaire to measure mathematics engagement and completed a nationally
administered numeracy test to assess academic performance.

Results. Latent change score models indicated that increases in MVVPA had a positive quadratic
association with NAPLAN scores in girls (5 = .39, p <.001), but not boys. In comparison,
cross-sectional regression analyses indicated that MVVPA had a positive quadratic association
with NAPLAN scores in Grade 7 (5 = .92, p =.04) boys and Grade 9 boys (f = .60, p = .06),
but not girls. There was a also positive quadratic association between MVPA and school
engagement for Grade 9 boys (5 = .77, p = .03).

Conclusions. Cross-sectional evidence indicated that boys who were more physically active
had better educational outcomes than their less active peers, and girls who increased their
regular physical activity showed improvements in academic performance. All students need to
increase their physical activity levels for the health and educational benefits, without
compromising time spent on study and homework.




Implications and Contribution

The findings of this study suggest that physical activity is associated with academic
performance in adolescents. However, adolescents need to participate in physical activity for

the health and educational benefits, without compromising time spent on study and homework.



Introduction

Students who are engaged in school, that is, those who actively participate in school
activities (behaviorally engaged), enjoy school (emotionally engaged), and are psychologically
invested in school (cognitively engaged) are healthier than those who are less engaged with
school (1, 2). School engagement is one of the most critical factors underpinning academic
performance (3), the successful transition into post-school education, and the completion of
post-school education (1, 4). An individual’s level of educational attainment is associated with
inequities across many health outcomes (5). For example, educational attainment is associated
with decreased psychological stress and decreased health risk behaviors (e.g., tobacco smoking,
illicit drug use, and high-risk alcohol consumption). For these reasons, school engagement may
be a modifiable determinant of health in youth. Unfortunately, the lowest levels of school
engagement are displayed by youth from areas of low socio-economic status (SES) (6) and post
transition from one level of schooling to another (this usually occurs during early adolescence;
7). Thus, identifying the modifiable determinants of school engagement, especially for

adolescents from areas of low SES, is a priority for parents, policy makers, and society.

Physical Activity and Academic Performance

Four recent systematic reviews have concluded that physical activity likely has a
positive association with academic performance (8-11). These reviews included a total of 32
studies and reported a positive association between physical activity and academic
performance. Castelli, Centeio (8) conducted a systematic review and meta-analysis of 20
studies and reported that physical activity has a small to medium positive effect on academic
achievement (d = .38, p <.05) in children and adolescents. Due to the high level of
heterogeneity between studies regarding measurement, study sample, and study designs, the
other three systematic reviews did not conduct meta-analyses. Singh, Uijtdewilligen (11)
conducted a systematic review of 14 studies and concluded that there was strong evidence for a

positive association between physical activity and academic performance in children and



adolescents. Lees and Hopkins (9) examined three randomized controlled trials and found that
physical activity had a small positive effect on academic performance in children. Similarly,
Martin, Saunders (10) synthesized six experimental studies (four multicomponent and two
physical activity) and reported that physical activity led to small improvements in academic
performance in overweight and obese children. These four systematic reviews provide
evidence that physical activity could improve academic performance.

Although these systematic reviews have found that there is a positive association
between physical activity and academic performance, there are limitations to the included
studies. First, only a small number of studies have used accelerometers to measure physical
activity and these few studies have found conflicting results (12-16). Second, most of this
evidence is limited to cross-sectional study designs. Only one longitudinal study examined the
association between accelerometer-assessed moderate to vigorous physical activity (MVPA)
and standardised test scores (17). Results indicated that MVVPA at age 11 positively predicted
English (4 = .16, p = <.001), mathematics (# = .11, p = .05), and science (f = .12, p =.10)
standardised test scores at age 16. However, MVVPA was only measured at age 11; thus, we can
only determine how current levels of MVVPA are associated with academic performance.
Longitudinal data could provide information about how changes in MVPA over time
potentially lead to changes in academic performance that would not be uncovered using cross-
sectional study designs.

It is possible that longitudinal evidence could differ from cross-sectional evidence as
increases in regular MVPA over a period of time has a number of benefits that could lead to
improvements in educational outcomes. For example, regular MVVPA improves fitness and
cognitive function in youth, which could lead to improvements in educational outcomes that

may take time to manifest (18).



Physical Activity and School Engagement

A recent systematic review and meta-analysis reported that physical activity had a
positive association with school engagement (d = .28, 95% CI = .12, .46) (19). Of the 29
studies included in this meta-analysis, 20 studies examined the effect of regular physical
activity on school engagement (as opposed to studies examining the immediate effects of
physical activity). Pooled together, these 20 studies indicated that regular physical activity had
a small positive effect on school engagement (d = .24, 95% CI = .05, .44).

Although this systematic review and meta-analysis provides some evidence for the
positive association between regular physical activity and school engagement (19), there are
limitations to the included studies. First, only one study used accelerometers to measure
physical activity (20). This study reported that children who participated in high levels of
regular MVVPA were no more likely to display attention problems compared to children who
participated in low levels of regular MVPA (OR = 0.8, 95% CI = 0.2, 2.5, p =.70). However,
as this study was a cross-sectional design, the authors could only determine how current levels
of MVVPA were associated with current school engagement. Longitudinal data could provide
information about how changes in MVVPA over time potentially lead to improvements in school

engagement that take time to manifest.

Purpose

The primary objective of this study was to determine whether longitudinal changes in
accelerometer-assessed MVPA were associated with changes in educational outcomes (i.e.,
academic performance and school engagement, specifically mathematics engagement). A
secondary objective of this study was to examine whether the association between
accelerometer-assessed MVPA and academic performance and achool engagement was non-

linear.



Methods

Participants

Year 8 students were recruited from 14 secondary schools located in the Western
Sydney region of Australia. Western Sydney is a low socioeconomic area and schools needed
to have a Socio-Economic Index for Areas index <6 to be eligible to participate. The index
ranges from 1 to 10 and low scores indicate that an area has relative disadvantage in terms of
education and income. Within these schools, all Year 8 students without any pre-existing
injuries or illnesses were eligible to participate. Of the students, 9% were aboriginal or Torres
Strait Islander origin, 27% were born overseas, and 26% spoke a language other than English

most of the time at home.

Procedure

A university ethics committee and the New South Wales Department of Education and
Communities granted approval for this study. Parents or guardians provided informed written
consent, and students provided informed written assent. We collected data at two time points:
Time 1 during Term 1 2014 (January-April) when students were in Year 8 and Time 2 during
Term 2 2015 (April-June), when students were in Grade 9. Term 1 2014 was 10 weeks in
duration and Term 2 2015 was 9 weeks. Data collection for each school was staggered across
the term due to equipment constraints. Trained research assistants collected all data. Students
were instructed to wear accelerometer (Actigraph GT3X) for seven consecutive days, removing
the device only for sleep or if it could get wet (i.e., in the shower or during swimming
activities) to assess regular MVVPA. During this seven-day period, students responded to a
multi-section questionnaire following a mathematics lesson. Following the questionnaire,
trained research assistants measured students’ height and weight. We then linked this data with
students’ National Assessment Program- Literacy and Numeracy (NAPLAN) data from Grade

7 and Grade 9.



Measures

Objectively-assessed regular moderate-to-vigorous physical activity

Accelerometers (Actigraph GT3X+) were used to quantify adolescents’ regular MVPA.
Accelerometers have been shown to provide a valid measure of the frequency, duration, and
intensity of physical activity in adolescents (21). Students were asked to wear the
accelerometer for seven consecutive days. To increase the weartime compliance, trained
research assistants delivered clear and standardised initial instructions during a classroom
lesson, students received an SMS text message each morning reminding them to wear the
accelerometer, and teachers were asked to provide verbal reminders to students regarding
wearing the accelerometer and returning the device on the designated return day.

Students who wore the accelerometer for at least eight hours on one day were included
in analyses. Research has shown that one day of accelerometer data is representative of regular
MVPA behavior as there is strong between-day intraclass reliability over a seven day period
(22). We processed all accelerometer data using ActiLife software (Version 6, ActiGraph,
LLC, Fort Walton Beach, FL). First, we filtered out all non-wear time, that is time that the
student had removed the accelerometer. We defined non-wear time as blocks of time greater
than 30 minutes of consecutive zero counts. Next, due to the differing individual wear times,
we calculated the proportion of wear time (%) spent in MVVPA. We defined MVVPA as > 2296
counts per minute. Counts result from summing accelerometer values (raw data at 30hz) and
vary depending on the frequency and intensity of activity. This definition of MVPA has been

shown to be the most accurate in adolescents (23).

Mathematics engagement

The School Engagement Scale (24) was used to assess typical engagement towards
mathematics, including behavioral (e.g., classroom behavior), emotional (e.g., lesson
enjoyment), and cognitive (e.g., problem solving) aspects of engagement. This version of the

scale has shown good internal consistency (a.=..75 t0..87) . The questionnaire is divided into



three subscales that measure typical behavioral (e.g., “When | am in maths | just act as if | am
working”), cognitive (e.g., “I check my maths work for mistakes”), and emotional (e.g., “I feel
excited by the work during maths lessons”) mathematics engagement, and each item is rated on
a five-point Likert scale.

Academic performance

To assess academic performance we obtained Grade 7 (2013) and Grade 9 (2015)
NAPLAN numeracy scores from the New South Wales (NSW) Department of Education.
NAPLAN is a national standardised test given to all students in Australia in Grades 3, 5, 7, and
9 (25). As NAPLAN is a national standardised test, it is only administered every two years and
so the timing of the first NAPLAN assessment (May, 2013) does not exactly align with the first
time point of data collection (January-April, 2014). Each year, the median NAPLAN score is
500 across the school population (i.e., all year groups)., and approximately two thirds of
student’s scores are within 100 points of the average score for that year. In 2013, the mean
NAPLAN score for all Grade 7 students in Australia was 542, and in 2015 the mean NAPLAN

score for the same cohort (in Grade 9) was 592.

Covariates

Covariates included age, gender, body mass index (BMI), ethnicity, SES, and
seasonality. Students indicated their age, gender, and ethnicity. Weight and height were
measured by trained research assistants, using a stadiometer (Surgical and Medical Products
No 26SM, Medtone Education Supplies, Melbourne, Australia) and digital scales (UC-321,
A&D Company, LTD, Tokyo, Japan). BMI and BMI z-scores were calculated using the
Australian Government (26) formula: weight (kg)/height (m?). Students also responded to an
adapted version of the Family Affluence Scale Il to assess individual level SES (27).
Seasonality was defined as the month that the student wore the accelerometer.

Data Analysis



All analyses were conducted using R software (28). We calculated descriptive statistics
and used alpha coefficients to assess the internal consistency of the School Engagement Scale.

As the relationship between physical activity and its outcomes tends to be complicated,
20 e tested for both linear and quadratic relationships. We employed latent change score
models to determine whether linear or quadratic changes in MVVPA were associated with
changes in NAPLAN scores (Figure 1) and mathematics engagement (Figure 2). In latent
change score models, change is defined as the time ordered influence of one variable on
another variable (29). Thus, change is examined by defining variables at Time 2 as the sum of
the same variable at Time 1 and the unobserved change score. The main advantage of these
models is being able to relate change in one variable with change in another variable. The
current models examined how change in MVVPA from Time 1 to Time 2 was associated with (i)
change in NAPLAN scores from Grade 7 to Grade 9 and (ii) change in mathematics
engagement from Time 1 to Time 2.

Latent change score models were estimates using lavaan (30) in R (28). Models were
estimated using the robust maximum likelihood estimator, which is robust to data
nonnormality. Due to the clustered nature of the data, all models accounted for classes nested
within schools.

To examine the fit of the models, we examined the variance (R?) of the change in the
educational outcomes explained by change in MVPA.

We then conducted linear regression analyses to explore the association between
MVPA and academic performance and school engagement. We added a quadratic term for
MVPA to the model and adjusted for confounders, including age, BMI, ethnicity,SES, and
seasonality.

Missing data was handled using full information maximum likelihood (FIML) so that
all available information could be used to estimate parameter values and standard errors. The

most common reasons for missing data at each timepoint were students being absent from



school during data collection or students not meeting the accelerometer wear time criteria. Of
the 1,806 Year 8 students enrolled across the 14 schools, 1,421 (78.7%) gave assent and
parental consent. At Time 1 1,224 students (n = 629 boys and n = 595 girls) provided
accelerometer-assessed total MVVPA data, 1,306 students (n = 651 boys and n = 655 girls)
provided mathematics engagement data, and 1,206 students (n = 594 boys and n = 612 girls)
provided NAPLAN data. At Time 2, 814 students (n = 395 boys and n = 419 girls) provided
accelerometer-assessed total MVVPA data, 1,222 students (n = 619 boys and n = 603 girls)
provided mathematics engagement data, and 1,213 students (n = 600 boys and n = 613 girls)
provided NAPLAN data. Given that the data used was panel data we have good reason to
believe that missing data is largely missing at random (conditioned on the time 1 data) and thus
FIML was appropriate. However, even in cases where data are not missing at random FIML
provides reasonable estimates {Enders, 2010 #943}. Power analysis indicated that a sample
size of 831 would be large enough to detect an effect size of .13 with 80% power and an alpha
of 5%. This calculation was conservatively based on result of the meta-analysis with the
smallest effect that combined evidence from studies that examined the association between
physical activity and an educational outcome (i.e., d = .13 for the relationship between MVPA

and academic achievement (31).

Results

Descriptive Statistics

The alpha coefficients for the scores derived from the mathematics engagement
subscale ranged from .74 to .91. As such, the mathematics engagement subscales were
considered to be internally reliable (32).

Means, standard deviations, rank-order consistency, and gender differences are
displayed in Table 1. At Time 1, average daily minutes in MVPA for boys was 50.94

(SD = 21.39) and girls was 42.16 (SD = 16.88). At Time 2, average daily minutes in MVPA for
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boys was 49.82 (SD = 23.20) and girls was 41.13 (SD = 21.13). At Time 1, 77% of adolescents
did not meet the global recommendations of 60 minutes of MPV A each day (33). Similarly, at
Time 2, 76% of adolescents did not meet the global recommendations.

The rank-order consistency of MVPA was moderate, indicating considerable change
over the two time points (0.52 for boys and 0.50 for girls). Similarly, the rank-order
consistency of mathematics engagement was moderate, indicating considerable change (0.48
for boys and 0.50 for girls). The rank-order consistency of NAPLAN scores was very strong,
indicating very little change in relative position over the two time points (0.84 for boys and
0.83 for girls). There were no significant differences in MVVPA, academic performance, or
mathematics engagement between students who met the accelerometer wear criteria and those

who did not meet the criteria at each timepoint.

Main Findings

Longitudinal associations

The longitudinal associations between MVPA and educational outcomes are reported in
Table 2. Changes in MVPA had a positive quadratic association with NAPLAN scores in girls
(8 =.39, p <.001), but not boys. Changes in MVVPA had no significant association with

changes in mathematics engagement in boys or girls.

Cross-sectional associations

The associations between MVPA and educational outcomes are reported in Table 3.
There was a positive quadratic association between MVVPA and NAPLAN scores in Grade 7
boys (f = .92, p =.04) and Grade 9 boys (5 = .60, p = .06). Similarly, there was a positive
quadratic association between MVPA and school engagement for Grade 9 boys (8 = .77, p

=.03). There were no significant associatons for girls.
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Discussion

The overarching objective of this study was to determine whether longitudinal changes
in accelerometer-assessed MVVPA were associated with changes in educational outcomes (i.e.,
academic performance and mathematics engagement). The secondary objective was to examine
whether the association between accelerometer-assessed MVPA and academic performance
and achool engagement was non-linear. We found that increases in accelerometer-assessed
MVPA over time were associated with improvements in academic performance in girls, but not
boys. Cross-sectional associations differed from longitudinal associations, as MVPA had a
postivie quadratic association with academic performance and mathematics engagement in

boys, but not girls.

Longitudinal associations

Our study indicates that changes in MVVPA had a positive quadratic association with
changes in NAPLAN scores in girls, suggesting that as MVVPA increases NAPLAN scores
increase at an increasing rate. Increased regular total MVVPA leads to improved fitness or
cognitive function over time, which have both been linked with academic performance (18,
34). There is some evidence that fitness could mediate the association between MVPA and
academic performance, as fitter students tend to perform better academically (34). There is also
some evidence that cognitive function could mediate this relationship (18). A systematic
review found that physical activity is positively associated with cognitive function, including
memory, perceptual skills, and intelligence. There is also substantial evidence that cognitive
function is positively associated with academic performance (18). Future research is needed
that examines whether fitness or cognitive function mediate the association between regular
total MVVPA and academic performance that we observed in this study.

Changes in MVVPA did not have a positive quadratic assoction with changes in
NAPLAN scores in boys. One possible explanation for this finding is that boys had higher
initial levels of MVVPA, and large increases in MVVPA may have taken time away from

12



homework and study. Two previous studies have found that spending large amounts of time
participating in MVPA takes time away from studying and homework and can hurt academic
performance (12, 13). Future research is needed to determine whether time spent studying and
doing homework mediates the negative association between regular physical activity and

academic performance.

Cross sectional associations

There was a positive quadratic association between MVPA and NAPLAN scores in
boys, suggesting that as MVVPA increases NAPLAN scores increase at an increasing rate. The
differening types of MVVPA that boys and girls participate in could explain why the positive
quadratic association was only found in boys. Boys tend to participate in more team sports such
as soccer and football, while girls tend to participate in individual sports such as running and
aerobics (35). Team sports have many additional benefits including improving communication,
decision making skills, teamwork, self-esteem, and a sense of community (36). These benefits
likely extend into the classroom and could explain why MVPA appears to be more beneficial
for boys compared to girls. Future research is needed that examines the relationship between

different types of activities and educational outcomes.

Strengths and Limitations

There are a number of strengths to this study. First, this was the first study to examine
whether longitudinal changes in accelerometer-assessed MVPA are associated with changes in
educational outcomes. Second, this study had a relatively large sample size considering the
time and financial costs associated with measurement using accelerometers (39). There are also
some limitations. First, although we did not measure academic performance in all school
subjects, mathematics test scores have been found to predict academic performance across all
school subjects, even more so than literacy skills (40). Future research should assess the
relationship between physical activity and academic performance across a wider range of

academic subjects (e.g., literacy). Second, as the mathematics engagement questionnaire was a
13



subjective measure, it could be subject to social desirability. Third, while the use of
standardised test scores provides an unbiased measure of academic performance, standardised
test scores assess a narrow range of knowledge and often assess concepts that have not been
taught in class. When the tests assess concepts that have not been taught in class, it is likely
that the test is actually measuring intellectual ability, rather than academic performance.
Another option would be to use school grades to measure academic performance. However,
school grades are often influenced by teachers’ perceptions. Future research could examine the
association between MVPA and standardised test scores in conjunction with school grades.
Third, although accelerometers provide an objective measure of the frequency, duration, and
intensity of physical activity, they do not have the ability to measure swimming, cycling, or
many strength training activities (23). Fourth, the timing of Time 1 physical activity data
collection (January-April 2014) did not line up with the Grade 7 NAPLAN assessment (May
2013). This means that we examined change in physical activity over a 1.5 year period and
change in NAPLAN scores over a 2 year period. This was an opportunistic study which meant
that the timing of the NAPLAN test was out of our control as it is a national standardised test
and is only administered every two years. However, as NAPLAN scores had very little change
over the two timepoints (rank order consistency = 0.88), this lagged measure should not

influence the results of this study.

Implications

Despite the limitations of this study, there are also important implications. Increases in
physical activity were positively associated with improvements in academic performance,
which suggests that the benefits of physical activity could extend further than the physical and
mental health benefits, and into education. Interventions should continue to promote physical
activity for the physical and mental health benefits, and also assess educational benefits (41,
42). Although increases in physical activity were positively associated with improvements in

academic achievement, the cross-sectional associations between physical activity levels and

14



educational outcomes were negative. Thus, parents need to ensure that students find a balance
between physical activity and study and homework. Ideally, increases in physical activity
would replace sedentary time not related to educational outcomes (e.qg., recreational screen

time).

Conclusion

Cross-sectional evidence indicated that boys who were more physically active had
better educational outcomes than their less active peers, and girls who increased their regular
physical activity showed improvements in academic performance. All students need to increase
their physical activity levels for the health and educational benefits, without compromising

time spent on study and homework.
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Table 1: Descriptive Characteristics

Characteristic Time 1 Time 2
M (SD) M (SD)
Age
Male 12.98
(0.53) 14.12 (0.46)
Female 12.86
(0.54) 14.00 (0.46)
Height (cm)
Male 160.96 164.69
(8.49) (8.22)
Female 158.22 158.82
(6.81) (6.72)
Weight (kg)
Male 57.78 61.81
(15.10) (16.02)
Female 55.71 57.60
(14.84) (13.90)
BMI
Male 22.14
(4.78) 22.63 (4.95)
Female 22.12
(4.94) 22.74 (4.54)
Physical activity minutes
Moderate-to-vigorous
intensity
Male 52.08 50.51
(20.84) (22.84)
Female 41.39 39.54
(16.03) (17.10)
Vigorous intensity
Male 21.96 21.51
(12.22) (14.26)
Female 14.99
(7.98) 13.84 (8.86)
Moderate intensity
Male 30.12 28.99
(11.25) (11.57)
Female 26.39 25.70
(10.10) (10.46)
Light intensity
Male 84.83 75.00
(28.00) (24.97)
Female 81.27 73.23
(24.70) (24.50)
Sedentary
Male 518.20 486.58
(131.73) (137.93)
Female 573.74 560.62
(117.95) (134.71)
School engagement
Male 3.24 (0.76) 3.32 (0.76)
Female 3.24 (0.71) 3.27 (0.74)
NAPLAN
Male 520.39 576.04
(76.06) (70.55)
Female 518.72 572.16
(75.88) (71.02)
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Table 2
Cross-sectional associations between MVPA and educational outcomes in adolescents living in

low socioeconomic areas in Western Sydney, Australia

NAPLAN Mathematics engagement
B SE  pvalue B SE p value
Time 1
Males
Linear -1.19 .39 <.01 -.30 .34 .38
Quadratic 92 45 .04 21 40 59
Females
Linear -46 57 91 51 38 18
Quadratic -46 57 42 -75 47 11
Time 2
Males
Linear -.82 31 <.01 -.82 .33 .01
Quadratic 60 32 .06 77 .36 .03
Females
Linear -.39 29 18 17 27 53
Quadratic 12 31 .69 -.35 .33 29

Note. Models adjusted for age, BMI, ethnicity, SES and seasonality.
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Table 2
Longitudinal associations between MVPA and educational outcomes in adolescents living in

low socioeconomic areas in Western Sydney, Australia

NAPLAN Mathematics engagement
B SE  pvalue B SE p value
Males
Linear 00 20 99 -.29 .20 13
Quadratic 22 18 24 21 18 24
Females
Linear -.30 11 <.01 A1 22 .62
Quadratic 39 09 <.001 -.09 22 .67
Overall
Linear -.10 .05 03 -09 .04 .03
Quadratic 27 02 <.001 .03 .03 .30

Note. Models adjusted for age, BMI, ethnicity, SES and seasonality.
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Figure 1. Latent change model: Moderate-to-vigorous physical activity and NAPLAN scores
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Figure 2. Latent change model: Moderate-to-vigorous physical activity and mathematics
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