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Abstract

Objective: Sport may promote academic performance through physiological and psychosocial
mechanisms. We aimed to examine the association between sports participation and academic
performance in Aboriginal and Torres Strait Islander children.

Methods: Participants were from four successive waves of Australia’s Longitudinal Study of
Indigenous Children (n =303, baseline age 5-6 y). Cumulative sports participation was regressed
against academic performance from two standardised tests.

Results: Children participating in sport at all four waves performed significantly better than chil-
dren participating in sport in 0, 2 or 3 waves in Progressive Achievement Test (PAT) Maths (110 vs.
103, 105 and 105, p =0.007, 0.02 and 0.02, respectively), and better than children participating at
two waves in National Assessment Program — Literacy and Numeracy (NAPLAN) numeracy (438
vs. 409, p =0.006). There were no significant differences in PAT reading or NAPLAN literacy.
Conclusion: Sports participation appears to be associated with subsequent better numeracy
(2-7 months of learning) in a sample of Australian indigenous children. Fostering sports partic-
ipation among indigenous children may be an avenue for reducing disadvantage.
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Introduction

The Aboriginal and Torres Strait Islander peoples constitute approximately 3% of the total
Australian population, and represent diverse cultures, histories, social activities and spiritual
mores (Walter et al., 2017). They are Australia’s original inhabitants, but generally have
poorer living conditions and lower household incomes relative to non-Indigenous
Australians (Carson et al., 2007; Marmot, 2011). These structural barriers, together with
language difficulties, low expectations, geographical displacement and the disintegration of
traditional social bonds — often the legacy of colonisation — contribute to disadvantages in
educational outcomes (Boughton, 2000; Carson et al., 2007; Zubrick & Silburn, 2006).
In 2017, percentages of Indigenous vs. non-Indigenous Australian children meeting national
minimum standards for Year 5 on standardised testing were 76% compared with 95% for
reading, and 80% compared with 96% for numeracy (Commonwealth of Australia, 2018).
The year-level-equivalent learning gap between Indigenous and non-Indigenous Year 5
children was 1.6 years in numeracy and 2.1 years in literacy (Goss, 2018).

Sports participation has been touted as a potential strategy for improving children’s edu-
cational outcomes (Bird et al., 2013; Sevarsson et al., 2017). Cross-sectional and longitudinal
studies have repeatedly linked children’s participation in sport with better academic outcomes
(Donnelly et al., 2016; Fox et al., 2010; Saevarsson et al., 2017; Trudeau & Shephard, 2008).
The physiological effects of sports-associated physical activity are thought to underpin this
beneficial relationship (Singh et al., 2019). For example, EEG studies have found that, com-
pared with children of lower aerobic fitness, children with higher aerobic fitness have greater
neuroplasticity (Hillman et al., 2011), while neuroimaging studies have found structural
advantages such as greater volumes of the hippocampus (involved in memory) and basal
ganglia (cognitive control) in children with aerobic higher fitness (Chaddock, Erickson,
Prakash, Kim, et al., 2010; Chaddock, Erickson, Prakash, VanPatter, et al., 2010). In addi-
tion, sports participation may improve academic performance through psychosocial mecha-
nisms such as increased confidence and self-esteem (Eime et al., 2013) and improved executive
function (Chen et al., 2014; Verburgh et al., 2014).

It is unknown whether the beneficial relationships between children’s sports participation
and academic performance observed in national and international studies are also observed
among Australian Indigenous children. Sport may be of particular significance in Australian
Aboriginal and Torres Strait Islander communities, where it both has cultural importance
and is a major mode of accumulating physical activity (Beresford et al., 2012; Dalton et al.,
2015; Rossi, 2015). Data from 2014 and 2015 suggest 47% of Aboriginal and Torres Strait
Islander children played sport in the previous 12 months (Hume & May, 2019). It is possible
that increased sports participation may improve educational outcomes, as well as health
outcomes, and contribute to the reduction in social disadvantage experienced by these com-
munities. More research is needed to guide policy development and program implementa-
tion (Commonwealth of Australia, 2018).

Data on Aboriginal and Torres Strait Islander populations are very sparse, however the
Longitudinal Study of Indigenous Children (LSIC, also known as Footprints in Time) is a
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long-running cohort study of Aboriginal and Torres Strait Islander children which has been
a rich source of information on lifestyle habits (Walter et al., 2017). This study aimed to
explore the relationship between organised sports participation across four waves of
the LSIC study and subsequent academic achievement in Aboriginal and Torres Strait
Islander children.

Methods

This study is part of a larger project known as the Foundation of Sport in Indigenous
Communities to examine the place of sport in Aboriginal and Torres Strait Islander com-
munities. The data for this study were taken from LSIC, a dual-cohort panel study started
across 11 sites in 2008 (Thurber et al., 2015). Although not a random sample, LSIC par-
ticipant locations are generally representative of the population distribution of Aboriginal
and Torres Strait Islander children. Participants (n = 1671 in Wave 1) have been followed up
in yearly waves, with a retention rate from Wave 1 to Wave 6 of 75%. There are two cohorts
in LSIC, a Birth (B) cohort (who were 6-18 months at Wave 1) and a Kinder (K) cohort
(who were 3.5-5 years at Wave 1). Data for this study relate to the K cohort, and to Waves 3
to 6 (2010 to 2013), when the children were four to nine years old, as data on sports par-
ticipation were collected at these time points. Ethical approval for the LSIC study was
obtained from the Australian Government Department of Health and Ageing
Departmental Ethics Committee. In addition, state/region specific ethical approvals were
obtained from local Human Research Ethics Committees (or their equivalents), and state or
territory Departments of Education and Catholic dioceses (Thurber et al., 2015). Parents
consented to involvement on behalf of the study child. Data were collected during face-to-
face interviews with the children’s parents and caregivers.

Measurements

Exposure. Organised sports participation was reported by the parent of the study child at
Waves 3, 4, 5 and 6 (2010 to 2013, mean child ages 6, 7, 8 and 9 years, respectively). A
limitation was that the question about sports participation was not worded consistently
across the waves. In Waves 4 and 5, the question asked whether the child had participated
in organised sport in the last week, whereas the question related to the past month in Waves
3 and 6. Sports participation at each wave was coded 0/1 for No/Yes. These were summed
together to form a Cumulative Sports Participation variable ranging from 0 (no sports par-
ticipation at any wave) to 4 (sports participation at every wave).

Outcome. Academic performance was quantified using data from the National
Assessment Program — Literacy and Numeracy (NAPLAN) and Progressive Achievement
Tests (PAT), obtained from schools by data linkage. NAPLAN consists of a series of
standardised tests focused on basic skills that are administered annually to all Australian
students (Hardy, 2014). These tests assess students’ numeracy and literacy whereby the latter
is a composite score from reading, writing, spelling and grammar tests. Year 5 data were
referenced, with 90 students’ tests (37% of analytical sample) being from 2014 and 155 (63%
of analytical sample) from 2015. On average, NAPLAN scores ranged from 130 to 620, with
a SD of 68. PAT tests provide age-appropriate, objective, norm-referenced measures of
achievement (Anderson et al., 2017; Holzinger & Biddle, 2015) and are widely used in
Australian schools. In this study PAT Reading tests were available from Wave 8 (2015,
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mean age=11years), and PAT Maths tests were available from Wave 7 (2014, mean
age = 10years). PAT Reading scores ranged between 67 and 150 (SD=18) and PAT
Maths scores ranged between 60 and 145 (SD = 14).

Covariates. Covariates included the age and sex of the child, socio-economic status (SES)
and remoteness. SES was defined as the highest education level of the respondent parent.
Responses were collapsed into three categories: (1) < Year 10: Never attended school, Year
8 or below, Year 9 or equivalent, Year 10 or equivalent; (2) Year 11/12 or Certificate I/1I
Year 11 or equivalent, Year 12 or equivalent, Other non-school qualification, Certificate of
completion, Certificate I/II; and (3) University or Certificate III/1V (including trade certif-
icate). Advanced diploma/diploma, Bachelor degree (with or without honours).
Remoteness of residence was characterised using the ARIA+ system, and was collapsed
into three categories: (1) Urban: Major Cities of Australia; (2) Regional Inner Regional
Australia, Outer Regional Australia; and (3) Remote. Remote Australia, Very Remote
Australia, Migratory.

Data analysis. Linear models (McCullagh & Neldeb, 1983) were used to examine the
association of the categorical cumulative sports participation variable as explanatory, and
academic performance in mathematics and reading as the dependent variables, adjusted for
covariates. The case of sports participation at all waves (cumulative sport =4) was used as
the reference category in post-hoc pairwise comparisons (Beasley & Schumacker, 1995).
With a sample size of 303, an alpha of 0.05 and 80% power, this design is capable of
detecting effect sizes (f°) of >0.20.

Participant characteristics

From a total of 370 children participating at each wave across Waves 3 to 6, complete sports
participation, sociodemographic data and PAT scores were obtained from 303 (82%; PAT
Maths) and 277 (75%; PAT Reading) participants. A total of 245 (66%) provided complete
sports participation, sociodemographic and NAPLAN data (Figure 1).

The descriptive characteristics of the study children, and of all eligible children, are
shown in Table 1. The analytical samples did not differ from the overall sample except in
Remoteness (p <0.05) and higher PAT Maths (p=0.04) and NAPLAN Numeracy
(p=0.03) scores.

Results

Associations between sports participation and academic performance

Table 2 shows the sociodemographic characteristics of each of the five Cumulative
Sports Participation groups. In general, sociodemographic characteristics were different
across cumulative sports participation. Compared with those with no reported sports par-
ticipation at any wave, those with reported participation at all four waves were older (6.1y
vs. 5.8'y), more likely to be male (61% vs. 45%), had higher socioeconomic position (30%
vs. 11% completed university/trade certificate) and were more likely to live in urban areas
(33% vs. 21%).

Table 3 shows the fully adjusted mean values for each test according to sports partici-
pation score. In all test scores, children who participated in sport at all four waves did as
well or better than children with lower levels of participation. These differences equate to
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LSIC K cohort
Wave 1 Wave 2 | | Wave 3 | | Wave 4 Wave 5 | | Wave é
n=707 n=64% n=5%5 n=536 n=532 n=508
Participated in W3-6
n=370
Complete Sport
and Covariate data
n=332
Complete Complete
PAT Maths n=513 NAPLAN
PAT Reading n=462 n=436
Complete Sport, Complete Sport,
Covartiate and Covariate and
Analytical | PAT Maths n=303 NAPerfisdcﬂo
n:
TR Complete Sport,
Covariate and
PAT Reading n=277

Figure |. Study design and participant flow. LSIC: Longitudinal Study of Indigenous Children; PAT:
Progressive Achievement Tests; NAPLAN: National Assessment Program — Literacy and Numeracy.

effect sizes in terms of standardised mean differences relative to the entire sample of 0.13—
0.53 for mathematics and numeracy, and 0.03-0.22 for literacy. Their performance was
significantly higher in PAT Maths than the performance of children participating in sport
in 0 (p=0.007), 2 (p=0.02) and 3 (p= 0.02) waves, and better in NAPLAN Numeracy than
children participating in sport at 2 waves (p =0.006).
Figure 2 shows the contrasts between participation at all four waves compared with
participation at 0, 1, 2 and 3 waves, and covariate-adjusted performance on PAT and
NAPLAN tests, expressed as standardised mean differences relative to the entire sample.
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Table 2. Sociodemographic characteristics of the five Cumulative Sports Participation groups.

Cumulative Sports Participation (n=332)

0 I 2 3 4
n 44 68 72 71 77
Age at baseline 5.8 (05) 6.0(05) 6.1(05) 60(0.5) 6.1(0.4)
(y, mean (SD))
Sex (% female) 55 53 47 49 39
Parent highest University or Certificate 11 18 22 24 30
education level (%) N/ (incl. trade)
Year 11/12 or 27 46 38 38 44
Certificate /Il
<Year 10 6l 37 40 38 26
Remoteness (%) Urban 21 27 33 30 33
Regional 50 46 39 44 56
Remote 30 28 28 27 12

Table 3. Fully adjusted mean values for each test according to sport participation score.

Cumulative Sports Participation

0 | 2 3 4

PAT adjusted mean (SE) Maths 103 (2.2) 107 (1.8) 105 (1.7) 105 (1.7) 110 (1.7)
Reading 110 (2.9) 108 (2.3) 106 (2.2) 108 (2.1) 110 (2.2)
NAPLAN adjusted mean (SE) Numeracy 416 (12.2) 430 (8.8) 409 (7.7) 423 (80) 438 (7.5)
Literacy 413 (13.4) 425 (9.6) 411 (85 424 (8.8) 428 (8.2)

NAPLAN: National Assessment Program — Literacy and Numeracy; PAT: Progressive Achievement Test.
Adjusted for age, sex, parental education and remoteness of residence. Values in bold are significantly different from the
reference category (4), at an alpha of 0.05.

Discussion

Main findings

This study found that participation in organised sport was associated with higher academic
performance in numeracy among a sample of Australian Aboriginal and Torres Strait
Islander school-aged children. Children with reported organised sports participation in
four consecutive years achieved higher numeracy scores than those with less organised
sports participation.

Our findings are consistent with previous cross-sectional and longitudinal studies report-
ing beneficial relationships between organised sports participation and cognitive
outcomes in children (Bird et al., 2013; Fox et al., 2010). We are unaware of studies that
have explored these relationships among Australian Aboriginal and Torres Strait Islander
children. To our best knowledge, our study is the first to confirm the beneficial relationships
between cumulative sports participation and numeracy aspects of academic performance
among Aboriginal and Torres Strait Islander children.
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Effect Size

+0.5 N
+0.4 *
——@ PAT maths
+0.3
Numeracy .
+0.2 )
O\ \
+0.1 @ PATreading
Literacy
-0.1
4vsQ 4vsl 4vs2 4vs3 4vs0 4vsl 4vs2 4vs3
Contrasts Contrasts
Numeracy Literacy

Figure 2. Associations between sport participation (X-axis, expressed as contrasts between participation
at all 4 waves vs participation at 0, |, 2 and 3 waves), and performance on standardised tests of academic
achievement (Y-axis, expressed as standardised mean differences relative to the entire sample). Asterisks
denote significant contrasts at an alpha of 0.05. Data are shown for numeracy (left panel) and literacy (right
panel), for both the Progressive Achievement Tests (PAT) and National Assessment Program - Literacy and
Numeracy (NAPLAN), and are adjusted for age, sex, parental education and remoteness of residence. Data
on NAPLAN component scores (reading, writing, spelling and grammar) are also shown.

Academic benefits of organised sport participation may be attributed to physical mech-
anisms. Organised sport is likely to involve exercise, although participation does not nec-
essarily directly translate into higher overall physical activity levels. It has been estimated
that for every hour of sports practice (soccer, netball, Australian football), children accu-
mulate approximately 40 to 50 min of exercise at moderate-to-vigorous intensities (Ridley
et al., 2018). Our analyses of data from 11- to 12-year-old Australian children (CheckPoint
module of the LSIC; Clifford et al., 2019) show a correlation of 0.62 between minutes spent
in sport and minutes of moderate-to-vigorous physical activity, meaning approximately one-
third of the variance in moderate-to-vigorous physical activity is explained by sports par-
ticipation — and vice-versa. Moderate-to-vigorous physical activity, in particular aerobic
exercise, has been shown to enhance brain structure and function in children (Chaddock,
Erickson, Prakash, Kim, et al., 2010). This may be due to exercise-induced production of
neurotrophic factors (e.g., insulin-like growth factor 1 and brain-derived neurotrophic
factor) as observed in animal models (Archer & Garcia, 2014). These factors regulate
brain network configuration and blood vessel formation, potentially mediating improve-
ment of cognitive function and memory. In addition, exercise increases oxygenation of the
brain in children, both by increasing circulation and levels of oxyhaemoglobin (Lambrick
et al., 2016).

The academic benefits of organised sport participation may also be explained by psycho-
social mechanisms. Playing sport requires cognitive effort; children learn to work within
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rules, to devise strategies for success and how to focus their attention. Intervention trials
have shown that even small bouts (as little as 12 min) of physical activity improve attention
in children (Tine & Butler, 2012). The training of cognitive skills through sport may trans-
late to improved learning and better academic performance. A systematic review of 19
intervention studies (n = 5038) concluded that sports participation improved executive func-
tion in children aged 6 to 12years (standardised mean difference=0.21, 95% CI 0.12 to
0.31, p<0.05; Xue et al., 2019).

In addition, sport participation has been associated with increased confidence, self-esteem
and wellbeing (Eime et al., 2013). Children learn teamwork, self-discipline and negotiation
skills. They develop a sense of belonging and learn the etiquette of a social system outside of
their everyday home and school environments. Participation in organised sports may indi-
rectly facilitate academic performance by reducing time spent in less beneficial, less structured
activities. For example, Felfe et al. (2016) found that involvement with a sports club once or
twice a week displaced 28 min of television watching per week. Belonging to a sporting club
may be a point of difference for Indigenous children in rural and remote communities, where
opportunities for structured extra-curricular activities and social interaction can be limited.
Sporting clubs are critical social hubs in Australia’s rural and remote settings (Townsend
et al., 2002; Ware & Meredith, 2013). Thus, participation may be even more impactful on
the psychosocial wellbeing of Indigenous children’s in rural and remote areas.

Our findings suggest participation in organised sport at four consecutive years is associated
with better academic performance than less participation. Although intervention studies have
reported improved executive function after just one session of aerobic exercise (Chen et al.,
2014), there is little indication that this improvement is sustained over time (Verburgh et al.,
2014) and translated to better academic performance. Davis et al. (2011) reported increased
brain activity on neuroanatomical images among children who participated consistently in
aerobic exercise over 13 weeks indicating ongoing stimulus may be required for physical
mechanisms to mediate academic performance. The proposed psychosocial mechanisms
underpinning improved academic performance may develop and strengthen over time.

We found associations between organised sport participation and numeracy outcomes
only. On average, children with reported sports participation at all waves had 7% higher
PAT Maths and 5% higher NAPLAN numeracy scores following adjustment for sociodemo-
graphic confounders. These differences concur with conclusions from a systematic review
suggesting that organised sports participation may increase children’s numeracy performance
by 8% (Bird et al., 2013). A recent 12-month intervention study of Grade 3 children in the
Netherlands found that children in the physical activity intervention group achieved greater
improvements in mathematics than children in the control group (Mullender-Wijnsma et al.,
2015). Similarly, among Australian Grade 5 children, Maher et al. (2016) reported better
numeracy and writing, but not grammar, reading or spelling performance among Australia
children with high moderate-to-vigorous physical activity. It has been shown that aerobic
exercise selectively activates the left frontoparietal cortex (Colcombe et al., 2006; Marks et al.,
2007), a region of the brain involved in mathematical operations in children (Gobel et al.,
2004; Rivera et al., 2005), potentially facilitating improved numeracy skills.

In addition, because sport requires children to apply mathematical concepts to real-life
situations, this may enhance transferability to numeracy skills (Bird et al., 2013). When
playing sports, children practice computations such as “how much time is left in the
game?” or “how many more points do we need to win?”. It is possible that sport may not
afford the same applied literacy-based learning opportunities.
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Strengths and limitations

The LSIC is a well-established robust dataset and has been adopted across a range of academic
disciplines. The strengths of this study include its longitudinal design, a relatively large sample
size and objective measures of academic performance via a nationally administered instrument
(NAPLAN). We controlled directionality of association by using exposures that were mea-
sured prior to outcomes. However, the findings must be considered in the context of certain
limitations. First, the organised sport questionnaire item was subjective, did not distinguish
between types of sport and the wording of the question differed across the waves, referring to
different periods of time (last week vs. last month). It was not possible to determine the validity
of this question, or whether sports participation reflected higher physical activity levels.
Second, the cumulative sports participation score used in analyses weighted sports participa-
tion at each wave equally — this means that participation in an early wave is assumed to have
the same association with academic performance than participation at a later wave. It is pos-
sible that sport participation at a more proximal time point has a stronger association with
outcomes. Third, we adjusted for a range of potential confounders, but it is possible that
residual confounding exists due to other factors (e.g., family chaos, parenting style, mobility,
household finances, genetics, child/parent health, teaching style, school attended, absenteeism).
Lastly, the academic performance measures, particularly nationally administered NAPLAN
scores, are controversial as they have a narrow view of academic attainment in subject areas
(Dulfer et al., 2013) and may not accurately reflect the educational outcomes of Indigenous
children. Measures of cognitive ability such as matrix reasoning (e.g., Wechsler Intelligence
Scale for Children (Wechsler, 2003)) may provide a more comprehensive insight.

Questions for further research

It would be of interest for future research to explore whether the kind of sport a child plays
(team/individual, indoor/outdoor, active/inactive) matters to academic performance.
Future studies would be strengthened by using objective measures of sports involvement
over time, for example, by accessing attendance records from sporting clubs linked to aca-
demic performance/health data. Our study suggests it would be useful for future work to
describe the characteristics of community settings that foster sports and physical activity
participation and adherence. Further research exploring enablers and barriers to organised
sports participation in vulnerable populations (e.g., remote and rural areas) is warranted.

Implications for policy and practice

The differences in NAPLAN numeracy scores across the cumulative sports participation
variable (8-29 points) equate to two to seven months of learning (Goss et al., 2016).
The possibility that sports participation throughout childhood may boost learning by two
to seven months raises questions about the role of sport in community and school settings.
Without positioning sport as a panacea, its utility in younger and developing populations
has emerged not just as an important consideration for improved health and wellbeing, but
for improving education. A recent systematic scoping review suggests that programs to
encourage sport participation among Aboriginal and Torres Strait Islander people have
resulted in increased school attendance and self-esteem (Macniven et al., 2019). From a
social determinants perspective, sport should be viewed along with other in situ factors as an
avenue to reduce disadvantage. In doing so, it contributes to closing the gap.



Dumuid et al. 113

The challenge for public health promotion is how to support and enable Aboriginal and
Torres Strait Islander children’s continued participation in organised sport. We know little
about barriers and facilitators among children in rural and remote areas, as research has been
largely carried out in regional cities and urban areas. First steps may involve addressing
known barriers to participation, which include financial cost, time management and environ-
mental constraints (e.g., fears for safety, lack of facilities; Péloquin et al., 2017). Culturally
sensitive programs promoting identified facilitators to sports participation, such as social
support, intrinsic motivation and role modelling, may be indicated (Péloquin et al., 2017).

Conclusion

The research indicates that sports participation appears to be associated with subsequent
better academic achievement in numeracy among a sample of Australian Aboriginal and
Torres Strait Islander children. The differences equate to two to seven months of learning at
Year 5. Improvements in literacy were not statistically significant. The association between
sport and academic performance raises questions about how sport is considered within the
broader policy contexts aimed at closing the education gap in Aboriginal and Torres Strait
Islander communities.
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