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The Relationship between Physical Activity,
Fitness and Educational Achievement of Rural South African Children
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Abstract

The purpose of this study was to investigate the relationships of physical activity and physical fitness with educational
achievement in rural South African school children aged 7 to 14 years (n= 212). All boys and girls underwent the following
physical fitness tests: standing long jump, bent arm hang, sit ups, 10 x 5m shuttle run, 50 meter run, 1,600 meter run, flamingo
balance, sit and reach, and plate tapping. All tests were performed in accordance with the European Tests of Physical Fitness
(EUROFIT) and American Alliance for Health, Physical Education, Recreation and Dance (AAHPERD) protocols. A questionnaire
was used to gather physical activity information concerning indoor and outdoor household activities, games and sports performed
during the week days and weekend days. Educational achievement was assessed by means of the Educational Achievement Tests
in Mathematics and English designed by South African Human Sciences Research Council. In contrast to what has been found
in developed countries, the results of the present study did not show strong evidence for the hypothesis that physical activity
and physical fitness are positively associated with educational achievement. Explanations for this finding may be that: first, the
children in this population are confronted by a number of educational problems that may have confounded the relationship.
Second, because all these children have high levels of physical activity it may be difficult to measure its influence on educational
achievement, and third, the cross-sectional nature of this study.
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Introduction

Studies have shown positive relationships between physical
activity (PA), physical fitness (PF) and educational performance
(EA) in school children (Dwyer et al., 1983; Dwyer et al.,
2001; Linder, 1999). Indications are found that PA and PF
improve children’s attributes such as brain function and their
energy and concentration levels and self-esteem; which may
may support EA (Dwyer et al., 1983; Shephard, 1997; Tremblay
et al., 2000). A growing body of literature documents the
multiple physical and mental benefits of PA in young people
(Flescher et al., 1992) and adults (US Department of Health
and Human Services, 1996). As a result of this, promotion
of PA is most prominently advocated by experts in health
related sciences. Although PA programmes for children can
be justified on the basis of health benefits alone (Sallis, 1994),
it is important to note that PA and PF are also positively
related to educational achievement of children (Dwyer et al.,
2001; Linder 2002; Shephard, 1997; Tremblay et al., 2000).
Despite these findings, arguments that PA harms EA by tiring
the children, taking focus off education and/or taking time
from learning are still heard (Linder, 1999).

Information on whether or not this relationship is also
present in developing countries is not available. In South Africa
for example, this information could play an important role
in the choices about the amount of curricular physical education
in schools, especially at this point in time where the educational
system is largely being restructured. There is increasing evidence
that school-aged children in both developed and developing
countries are becoming less and less physically active due
to a number of factors, including urbanization (Bar-Or, 2003;
Mendez & Adair, 1999). This is a worrying trend that strengthens
the importance of additional information on the association
between PA, PF and EA. We therefore performed this study
on the associations between PA, PF and EA in South African
rural school children. Our hypothesis was that more physical
activity and a better physical fitness are related to a better
performance in English and Mathematics.

Methods

Sample

The data for this study come from a sample of 212
children (112 boys and 100 girls) who participate in the ongoing
Ellisras Longitudinal Study (ELS). The ELS is a ten year
follow-up study that started in 1996 to investigate the growth
and health patterns of children in 22 schools from the rural
Ellisras areas in South Africa. Other variables were later added
to the study, for example, data on PA, PF and EA were
added in 2001. The sample used for the present analyses
includes children from grades 4 to 8, aged 7-14 years, measured
in 2001 with complete data for PA, PF and EA.

Data Collection

Physical Activity

Physical activity was assessed using a questionnaire adopted
from Prista et al. (2000), which was developed to incorporate
activities that are common in these areas. Subjects were asked
how many times per week they performed each activity included
in the questionnaire. The questionnaire included four types
of activities, namely, household tasks indoor (that is, cleaning
the house, washing clothes, cooking, washing the dishes) and
outdoor (that is, cutting the wood, animal husbandry, fetching
water, agriculture), outdoor games (that is, traditional games
such as: tseretsere, banabaka, dance, diketo, katsekatse tswara
legotlo, legotlo, kgati, luto, mambalobalo, maphitlaphitlwane,
mmasekitlane, mmela, mokoko, morabaraba, pekwa, sekapukapu,
sekonopa, sekotiwa, sepini, setimela), and unorganized sports
(that is, non-curricular physical education, soccer, netball, karate,
drum majorette, athletics and volleyball). The score for the
four types of activities was attained by a multiplication of
the number of activities reported with the number of days
per week engaged in those activities. In addition, a total physical
activity score was calculated through the summation of the
four types of activities.

Physical Fitness

Physical fitness test items were assessed using the European
Tests of Physical Fitness (EUROFIT, 1988) and American
Alliance for Health, Physical Education, Recreation and Dance
(AAHPERD, 1980) test batteries. The physical fitness test
items assessed were classified into the following categories:
three strength items: standing long jump (cm): the best out
of three trials was recorded as a score; bent arm hang (sec.):

a child has to hang as long as possible with the chin above
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a bar; and sit ups: a child has to sit down on a gymnasium
mat with the hands behind the neck, the knees bent at 90
degrees and the feet flat on the mat. Then the child has
to lie down on his/her back, shoulders touching the mat and
return to sitting position with the elbows out in front so
that they touch his/her knees. The total number of correctly
performed sit-ups in 30 sec is the score. Three items assessed
running capability: shuttle run (sec.): time taken to complete
10 x 5m shuttle run; 50 meter run (sec.): sprinting from
standing start; and 1600 meter run (sec.): endurance run, time
taken to run four laps of 400 meters. One item measures
balance (flamingo balance): standing on one leg on a metal
beam as long as possible, the total number of errors committed
in one minute is the score. One item measures flexibility
(sit and reach (cm)): a child has to push a bar forward with
fingers of both hands together while sitting with legs stretched.
Finally, plate tapping (sec.) measures speed of the arm: tapping
a plate 25 times with one hand interchangeably on the left
and right sides of the other hand. The test-retest reliability
of the measurements was moderate to high (0.4 to 0.8) (Monyeki
et al., 2003).

Educational Achievement

The measure of educational performance is based on
the Educational Achievement Tests in Mathematics and English.
These tests are standardized for all South African school children.
For quality assurance the expertise of a qualified educational
psychometrist was followed in the administration of the tests.
The tests administered were those for the grade that a child
had just completed. For example, the test for grade 5 was
given to those children who had already passed that grade
and were in grade 6. The tests were administered as early
in the day as possible before the children were fatigued by
other lessons. An attempt was made to motivate the children,
arouse their interest, obtain their cooperation and make them
feel at ease, for example by assuring them that these tests
were not meant for exam purposes, in order to achieve the
best results. To help the children understand, the chalkboard

was used for demonstration purposes.

The English test was divided into two sections, namely
subtests 1 and 2. Subtest 1 concerned vocabulary and reading
comprehension, and lasted for 30 minutes. Subtest 2 concerned
writing-related skills and language usage, and lasted for 23
minutes. The Mathematics test had only one section, which
lasted for 60 minutes. The range of possible scores was from
0 to 60 on English, and from 0 to 30 on Mathematics, where
high scores indicate good performance. For English the score
of below 17 is classified as poor and above 27 as good.
For Mathematics the score of below 10 is classified as poor

and above 16.

Data Analysis

Because this study is carried out in schools, multilevel
regression analyses are used to analyze the relationships between
the four types of physical activities and total physical activity,
and the nine physical fitness items on the one hand, and
English and Mathematics performance on the other. In the
multilevel analyses two levels are considered: subjects and
schools. All multilevel analyses were corrected for age and
separate analyses were performed for boys and girls. The analyses
were performed with MLwWIN (version 1.01).

Results

Table 1 presents descriptive information for the PA, PF
and EA of the boys and girls. Games were the dominant
type of PA in boys and girls. Boys performed better than
girls in each PF measure, except for the flexibility test (sit
and reach). Boys have slightly outperformed girls in both
English and Mathematics.
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Table 1. Descriptive Data of Age, Physical Activity and Physical Fitness in Boys and Girls.

Boys (N = 112)

Girls (N = 100)

Mean SD Mean SD
Age (years) 11.35 1.49 11.15 1.73
Physical activity
Games 28.90 16.65 27.20 15.22
Sport 7.35 452 6.24 4.79
Indoor 6.03 472 155 5.58
Outdoor 8.54 4.81 8.86 5.63
Total Physical Activity 50.81 22.86 49.97 24.01
Physical fitness
10x5m Shuttle run (sec.) 22.03 1.72 22.26 1.69
Sit and reach (cm) 15.97 4.09 17.08 4.16
Flamingo balance (number of failures) 9.99 527 10.59 5.39
Long jump (cm) 131.72 16.69 126.41 17.92
Bent and arm hang(sec.) 8.52 8.80 4.80 6.84
Sit ups (number) 16.04 7.01 15.17 6.71
Plate tapping (sec.) 18.97 4.18 19.03 3.68
Mile run (sec.) 434.57 110.66 47523 154.11
Sprint (sec.) 8.96 1.70 9.09 2.52
Educational achievement
English 17.68 5.13 16.19 5.98
Mathematics 513 3.64 4.92 3.10

Regarding the relationship between physical activity and
physical fitness on the one hand and English performance
on the other (Table 2), for boys a significant positive relationship
was found for outdoor activities. For girls, significant inverse

relationships with English performance were found for Games,

observed.

Sport and Total Activity. Boys with a better performance
on the long jump and plate tapping had a better English
performance. For girls, no significant relationships between

the physical fitness items and English performance were

Table 2. Regression Coefficients and 95% Confidence Intervals (CI) for Physical Activity, Fitness and English
Performance in Boys and Girls, Controlled for Age.

Boys (N = 63) Girls (N = 64)
B 95% CI B 95% CI

Physical activity

Games -0.02 -0.10 ; 0.06 -0.11 -0.19 ; -0.02
Sport 0.06 -0.19 ; 0.32 -0.36 -0.62; .-0.09
Indoor 0.00 -0.24 ; 0.25 -0.03 -0.28 ; 0.21
Outdoor 0.26 0.04 ; 0.48 -0.16 -0.42 ; 0.10
Total Activity 0.01 -0.05 ; 0.06 -0.07 -0.13 ; -0.01
Physical fitness

Shuttle run' -0.28 -1.03 ; 0.47 0.66 -0.17 ; 1.49
Sit and reach -0.12 -0.40 ; 0.16 -0.05 -0.38 ; 0.28
Flamingo balance' -0.07 -0.29 ; 0.15 -0.02 -0.31; 0.26
Long jump 0.08 0.01 ; 0.15 -0.07 -0.14 ; 0.00
Bent and arm hang 0.09 -0.05 ; 0.23 -0.09 -0.34 ; 0.16
Sit ups 0.12 -0.05 ; 0.29 -0.22 -0.44 ; 0.01
Plate tapping’ -0.31 -0.59 ; -0.04 0.12 -0.24 ; 0.48
Mile run' -0.19 -0.86 ; 0.48 0.10 -0.38 ; 0.57
Sprint! 0.06 -0.81 ; 0.94 0.05 -047 ; 0.57

' lower score on these fitness items indicates a better performance
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Boys who played more games and were able to hang
longer with bent arms were found to have a worse Mathematics
performance (Table 3). In boys no other significant relationships

were observed. In girls, doing more outdoor activities was

significantly related with a better Mathematics performance.
In addition, a better score on the balance test and a worse
score on the mile run and 50m sprint were related to a better

Mathematics performance.

Table 3. Regression Coefficients (b) and 95% Confidence Intervals (CI) for Physical Activity and
Fitness and Mathematics Performance in Boys and Girls, Controlled for Age.

Boys (N = 41) Girls (N = 50)

b 95% CI b 95% CI
Physical activity
Games -0.08 -0.15; -0.01 -0.04 -0.09 ; 0.02
Sport -0.06 -0.31 ; 0.18 0.10 -0.08 ; 0.29
Indoor 0.07 -0.15 ; 0.30 011 -0.27 ; 0.04
Outdoor 0.14 -0.33 ; 0.05 024  0.08 ; 0.40
Total Activity -0.05 -0.09 ; 0.00 -0.01  -0.05 ; 0.03
Physical fitness
Shuttle run’ 0.51 -0.12; 1.13 017  -0.32 ; 0.65
Sit and reach 0.11 -0.13 ; 0.35 002 -0.19 ; 0.22
Flamingo balance! -0.05 -0.24 ; 0.15 -0.22  -0.40 ; -0.05
Long jump 0.01 -0.06 ; 0.07 0.02 -0.03 ; 0.06
Bent arm hang 0.14 0.00 ; 0.28 -0.06 -0.20 ; 0.08
Sit ups -0.02 -0.17 ; 0.13 0.04 -0.10 ; 0.17
Plate tapping' 0.15 -0.09 ; 0.40 -0.08 -0.30 ; 0.15
Mile run’ 0.38 -0.15 ; 0.91 030 0.03 ; 0.57
Sprint! 0.27 -0.42 ; 0.96 034 0.07 ; 0.62

'lower score on these fitness items indicates a better performance

Discussion

This study examined the relationships between physical
activity, physical fitness and the educational achievement for
the sample of rural South African boys and girls aged
7-14 years, who participate in the Ellisras Longitudinal Study.
In general, the results do not support our hypothesis that
physical activity and physical fitness are positively associated
with educational achievement. Six significant associations were
found that support our hypothesis, whereas six others were

in the unexpected direction.

Most studies earlier performed on this topic found that
physical activity and physical fitness are associated with
educational achievement. Shephard (1997) found significant
positive relationships, where the educational achievement was
gauged by grade point averages, report card results and 1Q
scores. Another cross-sectional study by the California Department
of Education (CDE) (2002) found strong associations between
physical fitness and Mathematics and Reading. In addition
Dwyer et al. (2001) completed a study on 7961 Australian

school children and showed that academic ratings were significantly
and consistently correlated with physical fitness across age

and sex groups.

There may be some explanations as to why we have
not found consistent associations between physical activity
and physical fitness on the one hand and educational achievement
on the other. The studies mentioned above were conducted
in developed countries and among urban children which have
a completely different socio-economic conditions compared
to the children who participated in the present study. Unfortunately,
it is likely that children in these areas are beset by myriad
educational problems such as low nutritional status. Monyeki
et al., (2003) in a study of the same population revealed
that there was a high prevalence of malnutrition and that
most children were stunted. Themane et al. (2003) revealed
that malnutrition was related to poor educational achievement
of children. The relationship between short stature and late
enrolment in school is likely for children in our population
as it is for primary school children in Ghana and Tanzania,

where short stature (height for age Z score) was strongly
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associated with late enrolment in school (Doherty,1997). Mendez
and Adair (1999) found stunting in the first two years of
life to be strongly associated with lower test scores in school
age children (age 8-11) and deficits in cognitive ability later
in life. Another study by Walker et al., (2000) on the effects
malnutrition on growth, IQ and cognition at ages § to 11
years found that nutritional status affected educational achievement.
To investigate the influence of malnutrition on the present
observed relationships an additional analysis was done, where
we corrected for malnutrition (i.e. height for age and weight
for age). This additional correction however did not influence

the observed results.

It is also important to consider the fact that physical
activity levels in this population are very high, unlike in developed
countries. For example, children in these areas travel by foot
for about 80 minutes daily to and from school. Besides this,
when they arrive home they are faced with activities such
as fetching water, collecting wood, cooking etc. Even during
the weekend the children perform some of these activities.
The relatively low active children are therefore highly active
in absolute terms. Since they are this active, there may be
a small distinction between children that are highly active
and extremely active, and a ceiling effect is likely.

The last point to consider is the difficulties in measuring
physical activity variables. In the physical activity questionnaire
only the number of physical activities is asked, not the time
because children of this age have problems in estimating time
properly (Hussey, et al., 2001). It may be as Tremblay et
al. (2000) allude, that any increased time on physical activity
is associated with academic improvement, up to a certain optimal
level, but that too much time on physical activity detracts

academic pursuits.

Although this is the first study that investigated the
relationship between physical activity and physical fitness in
a population from a rural situation in a developing country,
the study has some limitations. The first limitation to consider
is the cross-sectional nature of the design which we used
in this study. In the above studies a longitudinal design was
used. The cross-sectional design might have limited the extent
to which long term effects of the relationship could be inferred.
It is possible, that children with the lower educational performance
were less physically active or vice versa. Only a longitudinal
study following these children to higher grades could clarify
this relationship. Most studies, which were longitudinal in
nature, found strong associations between physical activity,

physical fitness and educational achievement after several sets

of data were collected over time (Shephard, 1997). It could
be concluded then that a longitudinal study that takes other
factors such as continuous assessment of educational achievement
and make use of other qualitative assessment tools, is necessary

for a better understanding of the topic of this study.

In conclusion, in contrast to what has been found in
developed countries, the results of the present study did not
show strong evidence for the hypothesis that physical activity
and physical fitness are positively associated with educational

achievement in a population of rural South African children.
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