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ABSTRACT

TITLE: DOES A RELATIONSHIP EXIST BETWEEN PHYSICAL FITNESS AND
ACADEMIC PERFORMANCE IN UNIVERSITY STUDENTS?

CANDIDATE: DANIELLE STEENKAMP
SUPERVISOR: PROFESSOR P.E. KRUGER
DEGREE: MA (HMS) in Biokinetics

South Africa’s universities have one of the lowest graduation rates around the world,
putting South Africa’s education in a state of crisis. For this reason it is important to
find ways on improving the academic performance of students as their marks will
depend on whether they can secure a job position in the future. Physical inactivity
among university students is also a major concern as it causes health problems.
Poor health causes the student to miss class which may negatively impact their
academic performance. Thus, the study aimed to establish whether an association
existed between the components of physical fithess and academic performance in
university students, and whether health had an effect on student’s academic

performance.

A descriptive correlational study design was used. The sample consisted of 99 first
year students. Each participant completed an informed consent, indemnity and a
Par-Q form before participating in the study. A health screening questionnaire was
completed and physical fithess testing (the Harvard step test, hand-grip
dynamometer strength test, Heath and Carter somatotype method, minute sit-up test
and sit-and-reach test) took place in January, May, and in October. The academic

result average was used to measure academic performance.

There was a strong positive relationship (p <0,001; r=0,55) when comparing
academic performance to Admission Point (AP) score; a fair negative relationship
(p= 0,02; r = -0,25) when comparing academic performance to height; a fair

negative relationship (p = < 0,001; r = -0,38) when comparing academic performance

\



to weight; a fair negative relationship (p = 0,02; r = -0,25) when comparing academic
performance to waist circumference; a fair negative relationship (p = 0,002; r = -0,33)
when comparing academic performance to hip circumference; a fair negative
relationship (p = 0,03; r = -0,23) when comparing academic performance to muscle
strength; a fair negative relationship (p = 0,002; r = -0,33) when comparing academic
performance to BMI; and a fair positive relationship (p = 0,007; r = 0,28) when
comparing academic performance to health status. A statistically significant
difference was found in Test 3 when comparing academic performance to
cardiovascular endurance (p=0,02). When comparing the categories of
cardiovascular endurance to academic performance, there were statistically
significant differences between the poor and low category (p = 0,04), poor and good
category (p =0,007), excellent and good category (p =0,02) and high to good
category (p = 0,01).

Individual components of physical fithess do not appear to have a strong effect on
academic performance or on health status, rather the overall improvement in health
status as a result of being physically fit, is the determining factor. This coincides with
Tremblay et al. (2000) who stated that physical activity may be indirectly related to

enhanced academic performance by improving physical health and self-esteem.

In conclusion, it is recommended that universities incorporate comprehensive health
promotion programmes into the university setting as they have the potential to add to
population health and positively influence educational achievement in university
students.

Keywords: physical fithess; components of physical fithess; physical activity;

academic performance; cognitive functioning; health status; AP score;

university students
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CHAPTER 1: INTRODUCTION

1.1. Introduction

Physical inactivity among university students is a major concern as it causes serious
health problems (Spence & Lee, 2003; Irwin, 2007). Unfortunately in today’s society,
more and more university students are adopting sedentary lifestyles (Keating et al.,
2005). Poor health causes students to miss lectures (Jensen, 1998; Keeley & Fox,
2009; Woodward, 2009; Mujovié & Cubrilo, 2012), which may impact their academic
performance negatively (Tsouros et al., 1998; Chomitz et al., 2009). Approximately
half of young people aged 12-21 are not vigorously active on a habitual basis (US
Department of Health and Human Services, 2000). Interventions are therefore
needed to persuade students to become active so as to gain health benefits and
prevent illness and disease (Fox, 1999; Strong et al., 2005). A healthy population
requires less medical care and is more productive, which means that it contributes
more to the economy (Adler et al., 2007). A “health promoting university” will add
value to society by promoting and protecting the health of staff, students and the
wider community. Healthier students are better learners, which means that at a
health promoting university, academic performance will improve and fewer students
will abandon their studies (Tsouros et al., 1998). This is important as academic
performance is directly related to a country’s social and economic development
(Mushtaq & Khan, 2012).

Various associations between the mind and body have been cited, and have resulted
in the belief that physical activity could assist learning (Shephard, 1997; Jensen,
1998; Van Praag et al., 1999; Dwyer et al., 2001; Chomitz et al., 2009). Regular
physical activity has been shown to have positive effects on brain health (Colcombe
et al., 2003; Dishman et al., 2006; Chomitz et al., 2009; Al-Nader et al., 2013) and to
result in a higher capillary volume (Kramer et al., 2002; Studenski et al., 2006), as
well as a greater density of neuronal synapses (Black et al.,, 1987; Trudeau &
Shephard, 2008; Chomitz et al., 2009). Physical activity improves cardiovascular
fitness (Thirlaway & Benton, 1992; Etnier et al., 2006; Huang et al., 2013; Plowman
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& Smith, 2014), which increases blood flow to the cortex of the brain (Herholz et al.,
1987; Shephard, 1997; Cotman & Berchtold, 2002; Barnes et al., 2003; Taras, 2005;
Lambourne, 2006; Hall, 2007; Pereira et al., 2007; Hillman et al., 2008; Trudeau &
Shephard, 2008; Du Toit et al., 2011). This in turn leads to an increase in the
nutrients used by the brain (Hall, 2007) and helps with cognitive reasoning and
functioning (Woodward, 2009). Physical activity also stimulates the prefrontal cortex
(PFC) which is used in problem solving and learning (Jensen, 1998). It increases the
levels of brain-derived neurotrophic factor (BDNF) (Cotman & Berchtold, 2002;
Winter et al., 2007; Lou et al., 2008; Huang et al., 2013) and serotonin (Cotman &
Berchtold, 2002; Winter et al., 2007), which enables the brain to be more adaptive to
change (Cotman & Berchtold, 2002; Colcombe et al., 2003). Physical education is an
essential aspect of students’ academic success (Grissom, 2005) since it has been
shown to improve cognition (US Department of Health and Human Services, 1996;
Etnier et al., 1997; Fox, 1999; Laurin et al., 2001; Churchill et al., 2002; Barnes et al.,
2003; Colcombe & Kramer, 2003; Dik et al., 2003; Hillman et al., 2005; Dishman et
al., 2006; Etnier et al., 2006; Kramer et al., 2006; Vaynman & Gomez-Pinilla, 2006;
Burton & Van Heest, 2007; Castelli et al., 2007; MacAuley, 2007; Winter et al., 2007,
Hillman et al., 2008; Tomporowski et al., 2008; Van Praag, 2008; Chomitz et al.,
2009; Du Toit et al., 2011; Davenport et al., 2012; Al-Nader et al., 2013; Aye et al.,
2013; Huang et al., 2013). Higher levels of physical fithess are associated with
improvements in recreation and work (Fox, 1999; Eveland-Sayers et al., 2009), and
enhance one’s ability to perform daily tasks (US Department of Health and Human
Services, 1996). It is thought that students who are successful in one area, such as
physical activity, also strive for success in other areas, including academic
performance (Shephard et al., 2011).

Numerous benefits are associated with being physically active (US Department of
Health and Human Services, 1996; Fox, 1999; Dishman et al., 2006; Warburton et
al., 2006; Hillman et al., 2008; Eveland-Sayers et al., 2009; Du Toit et al., 2011;
Mujovié & Cubrilo, 2012; Plowman & Smith, 2014). Physical activity leads to an
improvement of psychological variables, including depression, anxiety, tension,
stress (Folkins et al., 1972; Lichtman & Poser, 1983; Shephard, 1983; US
Department of Health and Human Services, 1996; Fox, 1999; Dishman et al., 2006;
Eveland-Sayers et al., 2009; Al-Nader et al., 2013) and mood states (Lichtman &
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Poser, 1983; Thirlaway & Benton, 1992; US Department of Health and Human
Services, 1996; Fox, 1999; Taras, 2005; Nelson & Gordon-Larsen, 2006; Adler et al.,
2007; Van Praag, 2008; Keeley & Fox, 2009; Al-Nader et al., 2013). It also improves
one’s attention in the classroom (Shephard, 1997; Coe et al., 2006; Trost, 2007;
Chomitz et al., 2009). Physical activity is a cheap method that can be used to
improve self-perception, social interaction and overall quality of life (US Department
of Health and Human Services, 1996; Fox, 1999).

Leading an active lifestyle contributes to improvements in cardiovascular (Tremblay
et al., 2000; ACSM, 2010; Townsend et al., 2012) and respiratory function. It leads to
a reduction in coronary artery disease risk factors (blood pressure, cholesterol,
diabetes, blood platelet adhesiveness) and decreases morbidity and mortality
(MacAuley, 2007; ACSM, 2010; Bloemhoff, 2010). Endurance training decreases
platelet adhesiveness and enhances the breakdown of blood clots thereby reducing

the risk of thrombosis (US Department of Health and Human Services, 1996).

Physical inactivity often begins early in life (Rodenroth, 2010). It is extremely
unhealthy (Booth et al., 2000) and an expensive public health burden (Powell & Blair,
1994). Physical inactivity is the primary cause of coronary heart disease (US
Department of Health and Human Services, 1996; Booth et al., 2000), doubling the
risk of morbidity and mortality (US Department of Health and Human Services, 1996;
Shephard, 1997; Fox, 1999; Booth et al., 2000; Stevens et al., 2002).

Physical inactivity not only contributes to the risk of developing cardiovascular
disease, but also Type Il diabetes (US Department of Health and Human Services,
1996; Fox, 1999; Dishman et al., 2006; Hillman et al., 2008; Trudeau & Shephard,
2008), osteoporosis (US Department of Health and Human Services, 1996; Dishman
et al., 2006; Warburton et al., 2006; Mujovi¢ & Cubrilo, 2012) and obesity (US
Department of Health and Human Services, 1996; Hillman et al.,, 2008). This
increases the health care costs of the individual (Adler et al., 2007; Bradshaw et al.,
2011; Smit et al., 2011) and becomes an economic burden to the government (Adler
et al., 2007; Bradshaw et al., 2011).



Fit individuals tend to maintain better nutrition and better body weight (Chomitz et al.,
2009) whereas physically inactive people are more likely to become overweight or
obese (US Department of Health and Human Services, 1996; Davis et al., 2007;
Trost, 2007). Overweight and obesity have become a worldwide epidemic and a
huge economic burden (Alonso-Alonso & Pascual-Leone, 2007; Bloemhoff, 2010).
Globally more than one billion adults are classified as overweight or obese (Stovitz &
Batt, 2010). It is a major problem among university students, with approximately 30
to 35% of students being overweight or obese. Poor dietary habits, disturbed
sleeping patterns, increased stress levels and a sedentary lifestyle contribute to
being overweight or obese (Ferrara, 2009) whereas physical activity plays an
important role in reducing the risk of these conditions developing (Hajian-Tilaki &
Heidari, 2006; Burton & Van Heest, 2007; Woodward, 2009; Mujovi¢ & Cubrilo,
2012). Research has shown that college students who participate in the
recommended levels of moderate or vigorous physical activity gained less weight

than students with insufficient levels of physical activity (Sparling & Snow, 2002).

Owing to the pressure on students to perform academically (Coe et al., 2006;
Chylova & Natovova, 2012), as well as the increase in obesity, public attention
became focused on physical activity and diet in the academic environment (Chomitz
et al., 2009). There is a body of literature that compares the effects of physical
fitness on academic performance in children (Sallis et al., 1999; Grissom, 2005; Coe
et al., 2006; Castelli et al., 2007; Chomitz et al., 2009; Eveland-Sayers et al., 2009;
Kwak et al., 2009; Du Toit et al., 2011; Van Dusen et al., 2011), but only very limited
research on the effects of physical fithess on academic performance in university
students. This study tests the five health-related components of physical fithess, and
determines what effect each one has on the academic performance of university
students. The five health-related components of physical fithess are cardiovascular
endurance, body composition, muscle strength, muscle endurance, and flexibility
(ACSM, 2010). Cardiovascular endurance was assessed by means of the Harvard
step test. This reliable test is also practical in that a large number of students can be
tested simultaneously (Bosco, 1983). The test takes five minutes for male students
and four minutes for female students (Phillips & Hornak, 1979). Body composition as
a component of physical fithess was measured using the Heath and Carter

somatotype method (Kruger & Van Vuuren, 1998). A tape measure, skinfold calliper,
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spreading calliper, weighing scale, and a stadiometer were used to take the
measurements (Marfell-Jones et al., 2006). The minute sit-up test is a reliable and
simple field test used to measure muscle endurance. The subject performs as many
sit-ups as possible in a minute (Baechle & Earle, 2008). The grip strength test
utilises a hand grip dynamometer and is a valid measure of muscle strength. The
hand grip strength test is easy to administer, reliable and relatively inexpensive
(Nieman, 2003). The sit-and-reach test is a simple (Lopez-Mifarro et al., 2009) field
test for measuring lower back flexibility (Baltaci et al., 2003) and hamstring
extensibility (Lépez-Mifarro et al., 2009). The academic performance of the student
subjects was measured by taking the average of their semester marks. Ninety nine

university students from the faculty of Humanities took part in the study.

The knowledge that fithess has a positive effect on academic performance has
implications for university health, education policymakers, research, as well as
general education practice (Van Dusen et al., 2011). The aim of this study was to
determine which fitness parameters have a positive influence on academic
performance and whether or not physical fithess has an effect on academic
achievement in university students. If a positive relationship between the two is
observed, this research could serve as motivator for the university to provide an

environment for students that will enhance academic achievement.

1.2. Problem Statement

1.2.1. High drop-out rates, low retention rates, and low graduation rates
1.2.1.1. High drop-out rates and low retention rates

Student drop-out rates have become a worldwide problem (Letseka & Cosser, 2009),
with some institutions having a drop-out rate of 80% (Cignano & Cipollone, 2003;
Department of Education, 2005). “Drop-out” implies that a student leaves university
prematurely (Hagedorn, 2009) without completing his/her study programme (Daniel
et al., 2006). Retention refers to a student remaining at university until he/she has
completed his/her study programme (Ministry of Education, 2001; Hagedorn, 2009;
Department of Basic Education, 2011). Student drop-out (Hall, 2001) and student
retention are complex and multidimensional (Creighton, 2007), and have been a

challenge for higher education for decades (Beck et al., 2011). University
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management committees are accountable for student retention and completion rates
(Ansari & Stock, 2010) and therefore need to find ways to improve student retention
as student retention reflects successful student education (Tinto, 2006). According to
the Department of Higher Education R4,5 billion was spent by National Treasury on
higher education in South Africa between the year 2000 and 2003. This astronomical
expenditure resulted from high drop-out rates (Letseka & Maile, 2008). Each year the
government spends approximately R1,3 billion in subsidies with a student drop-out
rate of 20%. This wasted money could go a long way in expanding higher education
(Ministry of Education, 2001). Owing to the significant drop in South Africa’s higher
education retention rates (Ministry of Education, 2001), it has become a high priority
for universities and the new learning and skill sector to find ways to improve the
academic performance of students and student retention (Martinez, 2001; Astin,
2005).

The drop-out rate in South African universities is unacceptably high (Department of
Education, 2005; Maree, 2008) and on the increase (Beck et al., 2011). It was
reported that 45% of contact undergraduate students dropped out in 2004 (Badat,
2010). First year students show the highest percentage of dropping out (Mouton et
al., 2013). In 2000, 36 000 of the 120 000 students (in other words, 30%) who had
enrolled for a generic bachelor's degree dropped out in their first year of study. A
further 30 000 had dropped out by their third year. Of the 60 000 students who
remained, only 22% graduated (Department of Education, 2005).

Beck et al. (2011) researched the drop-out and retention rates in a sample of
National Higher Certificate (NHC) students and found that drop-out rates were
unacceptably high and retention rates low. Of the students who had dropped out,
53% were first years. A study by Pierrakeas and Xenos (2004) investigated student
drop-out in an undergraduate course in informatics and also found that a higher
percentage of younger students drop out compared to older students. According to
Breier and Mabizela (2008), 30% of first year students drop out of university. By
second or third year a further 20% have abandoned their studies. They found that
only 15% of students, who had enrolled, completed their study programme within the
designated time. A study by the Human Sciences Research Council (HSRC) showed
that of approximately 34 000 students, 20 000 dropped out and only 14 000
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graduated. The majority of drop-outs were first year students or second years who
were midway through the study year (Eduloan, 2009). From the statistics above, it is
clear that student drop-out and retention rates at university are a major concern, and
contribute to the crisis in education in South Africa. To improve students’ academic
performance and reduce student drop-out, it is necessary to identify possible causes
of student drop-out and discover possible options to improve students’ academic

outcomes.

1.2.1.2. Low graduation rates

The graduation rate refers to the total number of students who graduate in a
particular year, expressed as a percentage of head count enrolments in the
programme in the same year (Ministry of Education, 2001). A low graduation rate is
costly to a university in terms of scarce resources, and indicates the university was
ineffective in meeting the educational, emotional and social needs of the student
(Creighton, 2007). Statistics indicate that few institutions meet the criterion for
graduation output (Ministry of Education, 2001; Letseka & Maile, 2008). The
Department of Higher Education stated that the graduation rate at some institutions
is as low as 6% to 24% (Ministry of Education, 2001). With a pass rate of around
15%, South African universities are considered to have some of the lowest
graduation rates in the world (Letseka & Maile, 2008). Between 1993 and 1998 the
graduation rate in higher education in South Africa was 15%. Of the 608 000
students who enrolled in higher education in 1998, only 89 000 graduated (Ministry
of Education, 2001). The same overall graduation rate between 2004 and 2007 was
approximately 16% (Council on Higher Education, 2009), which is almost identical to
the graduation rate of 15% between 1993 and 1998 (Ministry of Education, 2001). In
2004, 116 561 students graduated with a higher education qualification from public
institutions. This amount increased by 9% in 2007 with 126 641 students graduating
(Council on Higher Education, 2009). The poor graduation rates in higher education
are cause for concern because they result in fewer high-level skills being produced
(Ministry of Education, 2001; Council on Higher Education, 2009). Graduation rates
need to be improved to support the social and economic development needs of the
country (Mouton et al., 2013). Research indicates that academic preparation and
student motivation are the best predictors of whether a student will graduate
(Martinez, 2001).



1.2.1.3. Student success

South Africa’s education system performs far poorer in international science,
mathematics and literacy tests than comparable developing countries, despite South
Africa’s higher expenditure on education (Simkins et al., 2007). This indicates that
the country is not making effective use of resources and that the education system is
inefficient (Letseka, 2009). Higher education in South Africa is facing the challenge
of improving the student success rate (Strydom et al., 2010). Factors that improve
students’ success in education have been researched since the 1930s (Strydom &
Mentz, 2010) and it has been suggested that universities move to a more holistic
approach in order to enhance student success (Ogude et al., 2012). Evidence shows
that student satisfaction and success are significantly affected by student
engagement. Student engagement refers to students’ committing their time to
purposeful educational activities (Strydom et al., 2010), and the way in which the
institution allocates resources and learning opportunities for students to participate in
and benefit from (Kuh et al., 2005). It is therefore important for institutions to ponder
how to get students to do things that will make them successful (Strydom & Mentz,
2010) and to put policies and practices in place that can direct students’ energy
towards appropriate activities (Strydom et al., 2010). The institution needs to create
a “menu” of attractive experiences that will give undergraduate students
opportunities to participate in useful educational practices for the duration of their
studies (Strydom & Mentz, 2010).

1.2.2. Transition from high school to university

The literature indicates that the transition from high school to university is not an
effortless one (Cherif & Wideen, 1992; Adlaf et al., 2001; Ferrara, 2009; Amponsah
& Owolabi, 2011; Callender et al., 2011; Thawabieh & Qaisy, 2012). Stress levels
increase owing to the change in environment (Bray & Born, 2004; Misra & Castillo,
2004; Amponsah & Owolabi, 2011; Callender et al., 2011; Lyrakos, 2012; Thawabieh
& Qaisy, 2012; Bataineh, 2013). Changes experienced by first-year students can be
academic, physical, social and emotional (Bray & Born, 2004). A study by Cherif and
Wideen (1992) examined whether science students experience problems with the
transition from high school to university. A questionnaire was distributed in three high
schools and three universities in large metropolitan areas in British Columbia and in

Washington State. University students, university professors, high school students
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and high school teachers were asked to fill in a questionnaire on the transition from
high school to university. The results indicated that 59% of the sample strongly
agreed that the transition is problematic, 13% believed there was no problem and
22% believed the problem to be a minor one. The majority of professors and first-
year students agreed that the change in environment, unlimited freedom and new

expectations were the biggest problems.

Students claim that the university setting provides a less structured atmosphere than
the high school setting. Universities therefore need to find strategies to bridge the
gap between school and university (Ogude et al., 2012). The right mix of resources
must be put in place for higher education to succeed (Council on Higher Education,
2009).

1.2.3. Lack of physical activity in university students

Unfortunately the transition from high school to university can be considered a
barrier to exercise because of the stress associated with the new environment and
the extra workload (Kilpatrick et al., 2005; Gyurcsik et al., 2006; Wengreen &
Moncur, 2009).

Research has indicated that the amount of physical activity significantly declines
from high school to university (Bray & Born, 2004; Kilpatrick et al., 2005), with two-
thirds of university students not being physically active (Haase et al., 2004; Keller et
al., 2008). Increasing physical activity among university students can be helpful in
preventing obesity and diabetes (MacAuley, 2007; Al-lsa et al.,, 2011). Physical
activity programmes also lead to long-term enhancement of body image (Shephard,
1983; Hausenblas & Symons Downs, 2001; Al-Nader et al., 2013) and build self-
esteem (Shephard, 1983; US Department of Health and Human Services, 1996;
Hausenblas & Symons Downs, 2001; Ekeland et al., 2004). Good self-esteem is an

important component of mental health (Shephard, 1983).

Studies reported that 65% of high school students participate in regular, vigorous
physical activity (Grunbaum et al.,, 2002) compared to only 38% of university
students (Douglas et al., 1997). The gap is smaller in respect of regular, moderate
activity with 26% of high school students (Grunbaum et al., 2002) and 20% of
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university students (Douglas et al., 1997). Moderate intensity exercise refers to
physical activity that does not cause one to pant, for example walking briskly, riding a
bicycle leisurely or climbing stairs. Vigorous physical activity refers to an activity that
causes one to pant, for example running, basketball and aerobic classes (Leslie et
al., 2001).

It is suggested that universities develop interventions to increase students’ levels of
physical activity and should provide leisure activities and facilities that will have a
positive effect on the health and lives of students (Tsouros et al., 1998). Promoting
exercise among students may also aid in counteracting a reduction in physical

activity often reported after graduation (Buckworth, 2001).

1.2.4. Health in university students

Quite a number of students leave home for the first time when they enrol for a
tertiary qualification (Stewart-Brown et al., 2000; Sparling & Snow, 2002; Hicks &
Heastie, 2008; Bisen, 2012). Free of parental influence they adopt a different lifestyle
where health-related habits are often formed (Stewart-Brown et al., 2000). The
health and well-being of university students tend to be poorer than the general
population (Ansari et al., 2013). According to Palmore (1970), poor health is defined
as two or more weeks of bed rest, visiting a doctor more than three times per month,
or a stay in hospital for an illness. A person who is free from disease, able to enjoy
life and to withstand challenges enjoys positive health. Morbidity, and in extreme
cases, premature mortality, is referred to as negative health (US Department of
Health and Human Services, 1996).

A large number of university students suffer from mental health problems (Eisenberg
et al., 2007). Adlaf et al. (2001) reported that university students have higher levels
of psychological distress than the general population. Emotional health seems to be
a greater problem among students than physical health, with stress on campus
increasing at an alarming rate (Amponsah & Owolabi, 2011; Chylova & Natovova,
2012). Students often experience stress reactions, including anxiety or/and
depression (Misra & Castillo, 2004). Amponsah and Owolabi (2011) documented
that 70% of students reported having moderate levels of stress. Thawabieh and

Qaisy (2012) confirm that a large number of students experience moderate levels of

10



stress. A study by Stewart-Brown et al. (2000) indicated that approximately two-
thirds of students were suffering from anxiety which limited their capacity for work
and resulted in poor health. High levels of anxiety may also lead to long-standing
illness with asthma and musculo-skeletal problems being the most commonly cited
causes of physical illness. Utilising university campuses to promote physical activity
could potentially benefit student health (Leslie et al., 2001).

The concept of a university where health is actively promoted should be encouraged.
This will involve integrating health with the processes and policies of the university
and promoting health among students and staff. This will improve students’ health

and fitness and therefore their ability to perform optimally (Tsouros et al., 1998).

Owing to high drop-out rates, low retention rates and poor health among university
students, ways must be investigated to improve students’ success and provide an

environment conducive to good health.

1.3. Research question
The following research question was used for this study:

Does a relationship exist between physical fithess and academic performance in

university students?

1.4. Aim and objectives of the study

The primary objectives of this study were:

> To establish which component of physical fithess will have the greatest
positive effect on academic performance;

> To determine the relationship between physical fithess and academic
performance in university students;

> To establish whether physical fitness will have an effect on the health of
university students; and

> To establish whether health will have an effect on academic performance.

The secondary objective of this study was:
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> To establish whether there is a significant difference between the
admission point score (AP score) obtained in matric and a student’s results at

university.

If this study confirms that academic performance is positively influenced by fitness, it
can motivate students to become physically more active, as good academic
performance is directly related to the number and quality of job opportunities (Kim et
al., 2003).

1.5. Research hypothesis
o Cardiovascular endurance will have the greatest positive effect on academic

performance of all components of physical fithess.

o Physical fithess will have a positive effect on university students’ academic
performance.
o Physical fithess will have a positive effect on students’ health.
o Healthier students will perform better academically.
1.6. Research design

This is classified as a descriptive correlational study as the researcher determined

the association between two or more traits (Thomas & Nelson, 2001).

1.7. Research procedure and strategy
The following research procedure was followed:
— Clearance from the University of Pretoria’s Post Graduate Committee
— Approval from the University of Pretoria’s Ethics Committee
— Recruitment of participants
— Subjects were tested in January, May and October 2014 which included:
o Informed consent, indemnity form and physical activity readiness

questionnaires (Par-Q)

o Health screening questionnaire

o Body composition — Heath and Carter somatotype measurements
o Cardiovascular endurance test — Harvard step test

o Muscle strength test — hand grip dynamometer test
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o Muscle endurance test — sit-up test
o Flexibility test — sit-and-reach test
— Use students’ cumulative weighted average for the semester
— Use students’ matric AP score
— Analyse data
— Interpret results

— Write the research report

1.8. Structure of thesis

Chapter 1 includes the background to the study, the problem statement, the research
guestion, the aims, objectives, and the research hypothesis. Chapter 2 focuses on
the literature, past and present. Chapter 3 contains a detailed description of the
methodology used for the study. Chapter 4 gives the results of the statistical
analysis. The results are compared with and discussed in terms of the existing
literature. Chapter 5 concludes the study and makes recommendations for future

research.
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CHAPTER 2: LITERATURE REVIEW

2.1. The role of universities

Universities are large organisations that provide an environment to formally educate
students (Douglas et al., 1997; Tsouros et al., 1998). They are a centre of creativity
and innovation (Tsouros et al., 1998), characterised by goal ambiguity (Wang, 2010).
Universities inform the scope of higher knowledge (Enslin & Pendlebury, 1998),
contributing to the growth of an information society in terms of research and skills
development (Ministry of Education, 2001). The knowledge gained at university, as
well as the high levels of skills, contribute to the political, social, cultural, economic
and intellectual life of society, which is rapidly changing (Council on Higher
Education, 2000). The key responsibility of a university according to Behr (1985:

107) is “... to provide a formative scientific education”.

Universities should strive for excellence, diversity, sustainability and relevance
(Ogude et al.,, 2012). Developing professionals and knowledge workers are
necessary to strengthen the country’s services, infrastructure and enterprises
(Department of Education, 1997). Today’s university students are our prospective
leaders and policy makers (Leslie et al., 2001; Keating et al., 2005). Their beliefs and
attitudes will shape future communities’ norms and values (Leslie et al., 2001).
Unfortunately, because of high drop-out and low retention rates, there are not
enough qualified people to take up the available jobs in South Africa. The lack of
gualified people results in exceptionally high levels of unemployment (Kraak et al.,
2006; Department of Labour, 2007). Universities therefore need to find ways to
improve the academic success of students by promoting high levels of academic
achievement and emphasising the importance of academic effort (Strydom et al.,
2010). Universities have to produce skilled citizens who can create new knowledge
that can be used to improve society as a whole (Van Schalkwyk, 2002). To improve
teaching and learning in higher education, South Africa’s universities should focus on
the five benchmarks of effective education practices. These include the level of

academic challenge, interaction between students and staff, active and collaborative
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learning, enriching the educational experience, and providing a supportive

environment on campus (Strydom et al., 2010).

Higher education in South Africa has undergone fundamental restructuring since the
apartheid years, causing universities to face more challenges and tension (Mouton et
al., 2013). While trying to contend with declining resources, South African
universities also have to deal with students from diverse backgrounds, as well as
pressures in respect of quality assurance (Strydom et al., 2010). The primary goal of
South Africa’s universities is to produce the knowledgeable and skilled graduates
needed for the labour market. South Africa’s public higher education sector consists
of eleven universities, six comprehensive universities, and six universities of

technology (Council on Higher Education, 2009).

Providing approximately 50% of the income towards South Africa’s higher education,
the government has the authority to decide which programmes should be offered at
universities (Mouton et al., 2013). Universities need a curriculum that is well suited to
the students and the aims of education (Enslin & Pendlebury, 1998; Ministry of
Education, 2001; Strydom et al., 2010). Through facilitating curricular reform, the
institution may be improving students’ level of active participation in their learning
(Strydom et al., 2010).

Owing to the pressures universities are under to improve the academic scores of
students, the relationship between exercise and academic success must be
understood. Universities need to implement the right mix of programmes to improve
the academic performance of students (Chomitz et al., 2009). Evidence indicates
that the physical activity levels of university students are not sufficient to increase
their fitness levels or improve their health (Kilpatrick et al., 2005). Poor health can
have a negative influence on students’ academic performance (Kim et al., 2003). A
university has the ability to affect the health and lives of their students (Douglas et
al., 1997; Buckworth, 2001) and should therefore use their influence to benefit the
health of society by creating healthy learning and work environments. Universities
also need to find ways to improve the mental health and well-being of students as
these form an integral part of a healthy university (Callender et al., 2011).
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2.2. Academic performance

2.2.1. What is academic performance?

Academic performance is an important variable that effects the advancement of
students (Beck et al., 2011). It is the core character in both education and research
and the primary indicator to most universities in terms of performance measurement
(Wang, 2010). Academic performance refers to a student being able to meet the
assessment requirements of the programme for which he/she enrolled. When a
student can meet these requirements within the prescribed time, it indicates greater
academic success compared to those who need to repeat subjects (Fraser & Killen,
2003). In simple terms, academic performance lies at the root of a university’'s
performance and often reflects whether a university is considered good or bad. Drop-
out rates, retention rates and students’ study efficiency are indicators of academic
performance. The number of degrees or diplomas issued and the number of
students who graduate are indicative of educational performance outputs (Wang,
2010).

2.2.2. How is academic performance measured?

Academic performance is assessed by standardised tests or academic grades in an
educational setting (Strong et al., 2005; Coe et al., 2006; Tomporowski et al., 2008;
Keeley & Fox, 2009; Woodward, 2009; Grais, 2011). It is often quantified by
assessing achievement in specific subjects or by means of national assessment
tests (Keeley & Fox, 2009). Key measures of academic performance include
attendance (Strong et al., 2005; Benner & Graham, 2009), graduation, retention,
drop-out rates, suspension rates (Grais, 2011), memory and concentration (Strong et
al., 2005).

Behr (1985) and Jawitz (1995) stated that the best single predictor of academic
achievement at tertiary level is a student’s matriculation results. School performance,
rather than intelligence quotient (IQ) tends to be a good predictor of a student’s
success at university. When a student performs well at school he/she acquires a
sound attitude towards work (Behr, 1985).

Studies investigating students’ academic achievement have measured factors they

deemed related to academic success and correlated these with the average

16



percentage (Fraser & Killen, 2003; Strong et al., 2005; Benner & Graham, 2009;
Trudeau & Shephard, 2010). When examining the relationship between physical
fitness and academic performance, academic achievement was often assessed by
making use of teacher evaluations (Tomporowski et al., 2008). A study on eight- to
twelve-year-old learners used teacher reported conduct grades and examination/test
results (Yu et al., 2006). In a cross-sectional survey conducted on 7 961 Australian
children aged between seven and fifteen, a school representative had to rate each
student’s academic ability. The individual learner was rated as being either poor,
below average, average, above average, or excellent (Dwyer et al., 2001). However,
subjective measures may affect the results since they can be biased and therefore
make it more difficult to compare outcomes (Sallis et al., 1999; Van Dusen et al.,
2011).

A variety of methods have been used to assess academic success. A number of
studies used mathematics, language or reading scores (Tremblay et al., 2000;
Eveland-Sayers et al., 2009) when examining the relationship between physical
fitness and academic performance. Sigfusdottir et al. (2007) used self-reported
average grades for mathematics, Icelandic, English and Danish when examining the
relationship between self-reported physical activity and self-reported grades in Grade
9 and 10 learners. A study by Du Toit et al. (2011), which examined the relationship
between physical fithess and academic performance in South African children, used
end-of-the-year marks to assess academic achievement, whereas a study by Kwak
et al. (2009) used 17 school subjects when exploring the relationship between
physical fithess and academic achievement in Swedish children and adolescents.
Coe et al. (2006) used standardised test scores and academic achievement grades
for mathematics, English, science, and world studies when assessing academic

achievement in 214 6" Grade learners in the USA.

While Castelli et al. (2007) used the lllinois Standards Achievement Test to measure
academic performance in 3 and 5" Grade learners in the USA, Chomitz et al.
(2009) measured academic success in a large group of 4™ to 8" Grade learners by
means of the Massachusetts Comprehensive Assessment System Achievement
tests in English and mathematics. A two year quasi-experimental study conducted in

California on 759 learners in grades 4, 5 and 6 used Metropolitan Achievement tests
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which are extensively used throughout the USA (Sallis et al., 1999). In 2001 and
2002, a study conducted by the California Department of Education on 884 715
Grade 5, 7 and 9 learners, to establish the relationship between physical fithess and
academic performance, used the Stanford Achievement Test, Cognitive Abilities Test
(Sixth Edition), and the Standardized Testing and Reporting test (Grissom, 2005).
Dwyer et al. (1983) evaluated academic success with the GAP reading test and the
ACER arithmetic test in ten-year-old learners. Kim et al. (2003) measured academic
performance in Grade 5, 8 and 11 learners using the grade point average. Two
studies assessed academic achievement by means of the Texas Assessment of
Knowledge and Skills Test (Welk et al., 2010; Van Dusen et al., 2011). A 16 month
study conducted on 287 4" and 5™ Grade learners in British Columbia, Canada used
the Canadian Achievement Test (Ahamed et al., 2007).

2.2.3. What affects academic performance?

For years South African universities have been looking for strategies to improve the
academic performance of students (Ogude et al., 2012). Approximately 48% of a
sample of NHC students reported that they had failed a module in their course. This
indicates that a reasonable number of students are experiencing academic
difficulties (Beck et al., 2011). For this reason it is necessary to identify the various
factors that may influence the success students have at university. A student’s
success can be negatively impacted by a variety of factors that will ultimately
influence his/her decision to abandon his/her course. Fortunately many of these
factors can be mitigated by physical activity. Academic performance may be
influenced by physical (Al-Nader et al., 2013), psychological, social, personal,

economic and environmental factors (Mushtaq & Khan, 2012).

2.2.3.1. Physical factors

Research has indicated that physical activity levels and physical fithess may have an
effect on academic performance (Dwyer et al., 2001; Kim et al., 2003; Al-Nader et
al., 2013). The implementation of physical activity programmes in schools has been
shown to improve the attitudes, behaviour, discipline and creativity of learners
(Keays & Allison, 1995). Since physical education programmes were reduced in
schools, learner drop-out rates, as well as behaviour problems and attention

disorders, increased (Shephard et al., 2011). Attention is vital to academic success
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(Keeley & Fox, 2009). Studies have indicated that active students have a longer
attention span than sedentary students (Shephard, 1997; Coe et al., 2006; Trost,
2007; Chomitz et al., 2009). Shephard (1997) showed that being physically active
enhances academic learning per unit of class time. Aerobic fitness (Hillman et al.,
2005; Hillman et al., 2008) as well as stretching movements or marching can help
improve attention span (Jensen, 1998; Dwyer et al., 2001). Physical activity results in
higher levels of endorphins and norepinephrine (Taras, 2005; Al-Nader et al., 2013),
both of which play a significant role in attention span and result in positive feelings of
happiness and relaxation (Al-Nader et al., 2013). If norepinephrine levels are too low,
one tends to feel drowsy, and if they are too high the result is stress (Jensen, 1998).

Drowsiness and stress can have a negative influence on academic performance.

Physical activity also increases alertness (Tuckman & Hinkle, 1986), imagination,
self-efficacy, emotional stability, conscientiousness (Lichtman & Poser, 1983)
enthusiasm, creativity (Tuckman & Hinkle, 1986) and concentration (Shephard,
1983; Caterino & Polak, 1999; Taras, 2005; Trost, 2007), all of which can have a
positive effect on academic performance. Research has also shown that physical
activity increases alertness (Shephard, 1983; Davranche & Audiffren, 2004), which
may enable a learner to pay closer attention in the classroom (Shephard, 1983;
Shephard, 1997; Coe et al., 2006).

It has been hypothesised that academic self-concept (DeFreitas & Rinn, 2013) and
student motivation could play a big role in academic achievement (Chomitz et al.,
2009; Woodward, 2009; Ansari & Stock, 2010). Studies have indicated that physical
activity positively influences both self-concept (Taylor et al., 1985; Al-Nader et al.,
2013; Ayodele & Adebiyi, 2013) and motivation (Kilpatrick et al., 2005). Students
who lack motivation show high drop-out rates (Hall, 2001). Students who enjoy
university tend to be more motivated and are more likely to make an effort in terms of
physical activity and their studies (Talbot, 1990; Castelli et al., 2007). Research has
indicated that students who have less confidence in their abilities tend to have less
academic success (Taylor et al., 1985; Al-Nader et al., 2013; Ayodele & Adebiyi,
2013). Physical activity has been shown to improve an individual’s confidence and
social skills (Taylor et al., 1985; Al-Nader et al., 2013; Ayodele & Adebiyi, 2013).

Being physically active gives rise to a sense heightened emotional well-being
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(Nelson & Gordon-Larsen, 2006; Al-Nader et al., 2013), a general feeling of well-
being (Brown et al., 1978; Shephard, 1983; Al-Nader et al., 2013), and helps people
to feel better about themselves (Van Praag, 2008; Keeley & Fox, 2009; Al-Nader et
al., 2013).

2.2.3.2. Psychological factors

There are psychological mechanisms that can explain the positive association
between physical fitness, cognitive functioning and academic performance (Kwak et
al., 2009). Psychological mechanisms refer to an increase in self-esteem through
physical activity (Shephard, 1983; Thirlaway & Benton, 1992; Calfas & Taylor, 1994;
McAuley et al.,, 1994; Shephard, 1997; Blumenthal et al., 1999; Tremblay et al.,
2000; Ekeland et al., 2004; Nelson & Gordon-Larsen, 2006; Vail, 2006; MacAuley,
2007; Eveland-Sayers et al., 2009; Shephard et al., 2011; Al-Nader et al., 2013). It
also refers to a reduction in tension (Eveland-Sayers et al., 2009; Al-Nader et al.,
2013), anxiety (Folkins et al., 1972; Brown et al., 1978; Shephard, 1983; Steptoe et
al., 1989; US Department of Health and Human Services, 1996; Blumenthal et al.,
1999; Fox, 1999; Ekeland et al., 2004; Dishman et al., 2006; Heyward, 2006; Vail,
2006; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Keeley & Fox, 2009;
Shephard et al., 2011; Al-Nader et al., 2013), stress (Folkins et al., 1972; Shephard,
1983; US Department of Health and Human Services, 1996; Shephard, 1997; Fox,
1999; Dishman et al., 2006; Vail, 2006; Chomitz et al., 2009; Eveland-Sayers et al.,
2009; Shephard et al., 2011; Mujovié & Cubrilo, 2012; Al-Nader et al., 2013), and
depression (Folkins et al., 1972; Brown et al., 1978; Shephard, 1983; Steptoe et al.,
1989; US Department of Health and Human Services, 1996; Fox, 1999; Dimeo et al.,
2001; Dishman et al., 2006; Heyward, 2006; Vail, 2006; MacAuley, 2007; Eveland-
Sayers et al., 2009; Shephard et al., 2011; Al-Nader et al., 2013) as a result of
physical activity. All of these factors contribute to a healthy mind (Shephard, 1983)
and have an effect on academic performance (Eveland-Sayers et al., 2009;
Shephard et al.,, 2011). The positive association between physical activity and
academic performance could be attributed to the fact that physical activity has an
impact on psychomotor learning and enhances the process of psychomotor and
intellectual development (Shephard, 1983; Shephard, 1997; Tremblay et al., 2000;
Eveland-Sayers et al., 2009).
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Students have attributed their poor academic performance to their difficulty in
recalling information (Beck et al., 2011). This is a concern as working memory is vital
to academic success (Keeley & Fox, 2009). Research has indicated that physical
activity improves memory (Van Praag et al., 1999; Dik et al., 2003; Sibley & Etnier,
2003; Hillman et al., 2005; Lambourne, 2006; Vaynman & Gomez-Pinilla, 2006; Du
Toit et al., 2011; Aye et al., 2013), and facilitates aspects of information processing
(Dik et al., 2003; Tomporowski, 2003). Memory, according to Black et al. (1990:
5571), is “... an adaptive change in brain organization brought about by behavioural
experience”. Chang et al. (2012) showed that not all aspects of working memory are
positively influenced by acute exercise. When cognitive performance was assessed
during exercise, a negative effect was seen in subjects with a lower fitness level
while a positive effect was viewed in fitter subjects. This could be owing to the fact
that fitter people need fewer neural resources for exercise and therefore have more
neural resources available for cognitive performance. Lesser fit people need more
resources when exercising and therefore have fewer available for cognitive
performance. When assessing cognitive performance following exercise, a positive

effect was viewed for all fithess levels.

2.2.3.2.1. Mental iliness, depression and mood states

Mental disorders and mental illness are universal and on the increase (Fox, 1999),
with depression being the most common (Brown et al., 1978). Research indicates
that undergraduate students experience elevated levels of psychological disorders
and distress (Adlaf et al., 2001). Students who are inactive (Fox, 1999), overweight
or obese (Woodward, 2009) and those who have low self-esteem are more likely to
suffer from clinical depression (Brown et al., 1978) than active students or students
with higher levels of self-esteem. In most developed countries, 5 to 10% of the
population suffer from depression (Weissman & Klerman, 1992 cited in Fox, 1999).
Mild depression is distinguished by frequent periods of unhappiness (Fox, 1999).

Mental and emotional well-being is considered an important factor in student health
(Tsouros et al., 1998). Unfortunately depression is widespread among university
students as they face both social and scholastic pressure (Brown et al., 1978). A

study by Eisenberg et al. (2007) observed that 13,8% of undergraduate students
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screened positive for depression and 2,5% reported having suicidal thoughts. Panic

disorder and anxiety were also considered a problem among students.

Many studies have confirmed that physical activity improves depression, which in
turn has a positive effect on academic performance (Blumenthal et al., 1999; Fox,
1999; Dunn et al., 2005; Etnier et al., 2006; Keeley & Fox, 2009; Miller et al., 2012;
Al-Nader et al., 2013). Physical activity is a therapeutic process (Brown et al., 1978;
Blumenthal et al., 1999; Driver & Taylor, 2000; Dunn et al., 2005; Al-Nader et al.,
2013) and a safe and an effective regime for treating depression (Brown et al., 1978;
Fox, 1999). Brown et al. (1978) indicated that depressed patients who jogged had a
reduction of negative affective states of fatigue, anger, hostility, tension and anxiety.
Positive states of energy and cheerfulness were increased significantly. This should
encourage depressed students to participate in physical activity as it may positively

affect their academic success.

The effect of aerobic exercise on psychological well-being was examined by Moses
and associates (1989). Results indicated that moderate physical activity positively
influenced psychological responses but high intensity exercise had no effect.
Lindwall et al. (2012) supports the notion that regular light to moderate exercise is
associated with reduced levels of anxiety, depression and burn out, and improves
mental health. It was observed that self-reported physical activity is significantly

linked to mental health, whereas aerobic fithess is not related.

Physical activity leads to changes in mental functioning (Lichtman & Poser, 1983;
Van Praag, 2008) and positively affects mood states (Lichtman & Poser, 1983;
Thirlaway & Benton, 1992; US Department of Health and Human Services, 1996;
Fox, 1999; Taras, 2005; Nelson & Gordon-Larsen, 2006; Adler et al., 2007; Van
Praag, 2008; Keeley & Fox, 2009; Al-Nader et al., 2013). Research supports the
notion that “... exercise makes a person feel good” (Fox, 1999; Keeley & Fox, 2009)
and helps people feel more elated (Tomporowski, 2003). Lichtman and Poser (1983)
examined the effects of exercise on mood and cognitive functioning and noticed that
physical activity positively influences cognitive functioning and affective states. After
exercise subjects felt less sad, depressed, anxious, angry and fatigued. Liao et al.

(2013) hypothesised that the decrease in depression, stress and anxiety, and the
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improvement of self-esteem owing to physical activity contribute to the positive
association between physical fithess and academic performance. Steptoe et al.
(1989) observed that moderate activity rather than high intensity training was
associated with improved mood. Goldwater and Collis (1985) concluded that
vigorous exercise was associated with larger decreases in anxiety than less vigorous
activity. Thirlaway and Benton (1992) examined the effects of physical activity and
cardiovascular fitness on mental health and mood. They reported that mood is
positively associated with higher levels of physical activity. Changes in fitness levels
did not influence psychological responses. This is consistent with the findings of
Steptoe et al. (1989). Physical activity leads to an increase in cerebral blood flow and
increases the body’s core temperature, which has also been suggested to increase
relaxation and positively affect mood (Fox, 1999). As mentioned previously, physical
activity increases serotonin, an exercise-modulated hormone. The calming effect of
increased serotonin levels could explain a reduction in disruptive classroom
behaviour (Shephard, 1997). It is hypothesised that the positive relationship between
physical activity and academic performance could also be explained by the increase
in tryptophan, a serotonin precursor, which has a calming effect in students. This

would enable the student to sit and concentrate during class (Dwyer et al., 2001).

2.2.3.2.2. Stress and anxiety

Stress is an inescapable phenomenon (Odaci & Cikrik¢i, 2012) that has a
detrimental effect on a range of brain systems. Stress refers to the pressure and
tension an individual experiences when exposed to a situation that threatens or
exceeds one’s capabilities (Bisen, 2012; Kadapatti & Vijayalaxmi, 2012). When an
individual subjectively experiences uncertainty or apprehension it is referred to as
anxiety (Baechle & Earle, 2008). Both stress and anxiety are psychologically related
issues that students experience at university (Beck et al., 2011). High levels of stress
cause atrophy of the brain cells in the hippocampus (Jensen, 1998; Adler et al.,
2007). Behaviour (Nelson, 1999), planning, problem solving and the ability to
complete complex skills (Hall, 2007) are negatively affected by stress. This in turn
influences academic performance, which can cause a student to drop out of
university. Taras (2005) stated that physical activity may indirectly influence

academic performance by changing one’s mood and reducing stress.
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University students are at a high risk of developing stress (Adlaf et al., 2001, Bisen,
2012; Odaci & Cikrikci, 2012) with factors such as inadequate financial resources,
overcrowded lecture halls (Bataineh, 2013) and absenteeism contributing to their
academic stress (Sigfusdottir et al., 2007; Bataineh, 2013). Other factors contributing
to students’ stress levels include the pressure to perform well in examinations,
expectations from family members, competing with fellow students, workload and
low motivation. Juggling work and studies simultaneously also negatively influences
stress levels of students (Letseka, 2009). The symptoms of stress include anxiety,

nervousness, disturbed sleeping habits and indigestion (Bisen, 2012).

Stress is regarded as an important health problem among university students
(Tsouros et al., 1998; Kadapatti & Vijayalaxmi, 2012). Being exposed to stress for
long periods of time negatively affects the normal functioning of the cardiovascular,
nervous, metabolic and immune systems (Stewart-Brown et al., 2000; Adler et al.,
2007). This may result in the development of hypertension, depression and muscle
tension (Jensen, 1998), and increases one’s susceptibility to infection (Brunner,
1997; Adler et al., 2007). A peptide, known as cortisol, is released when an individual
is exposed to stress (Jensen, 1998; Hall, 2007). Physical activity reduces cortisol
levels (Hall, 2007), thereby reducing stress and anxiety (Shephard, 1983; Ekeland et
al., 2004; Al-Nader et al., 2013). Less stress and anxiety reduces the frequency with
which further medical conditions develop, (Shephard, 1983; Fleshner, 2000), which

can positively influence academic performance.

2.2.3.2.3. Self-esteem

Self-esteem is the core of mental health and symbolises one’s individual rating of
overall worth (Fox, 1999). It is considered to be an underlying factor in determining
student motivation and academic success (Tremblay et al., 2000). Classroom
behaviour is improved with enhanced self-esteem and students with high levels of
self-esteem have a greater desire to learn (Bluechardt et al., 1995). Low levels of
self-esteem are often linked with poor health behaviours (Fox, 1999). Body image
plays a major role in self-esteem (Shephard, 1983). Physical activity has a direct
influence on body image (Fox, 1999; Al-Nader et al., 2013) and has been linked to
high levels of self-esteem (Nelson & Gordon-Larsen, 2006; Yu et al., 2006). Physical

activity improves body image through the reduction of fat mass (Fox, 1999; Mujovi¢
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& Cubrilo, 2012) and improved fitness (Fox, 1999), thereby improving one’s quality of
life overall (Eveland-Sayers et al., 2009).

Tremblay et al. (2000) examined the relationship between physical activity, self-
esteem, body mass index (BMI) and academic performance in Grade 6 Canadian
students. Socio-economic status (SES), family structure and gender were controlled
for. Physical activity was measured by means of four questions regarding the
student’s participation in physical activity at school and outside school. Results from
the study indicated that there was a positive relationship between physical activity
and self-esteem. As physical activity became more vigorous, self-esteem improved
progressively. Physical activity was associated with lower BMI scores, and higher
BMI scores were associated with lower levels of self-esteem. The study showed a
weak association between physical activity and academic performance. This could
be owing to the fact that fithess was self-reported which has been known to lack
reliability (Pate et al. 1994).

Being overweight is linked to cognitive factors (Alonso-Alonso & Pascual-Leone,
2007; Li et al., 2008), which in turn are associated with academic achievement. A
number of studies suggest that overweight children score lower on 1Q tests (Campos
et al., 1996) and have lower academic achievement scores (Datar & Sturm, 2006;
Castelli et al., 2007; Welk et al., 2010) than children within the normal weight range.
Li et al. (2008) documented that cognitive functioning is decreased in overweight
children and adolescents. A study by Cottrell et al. (2007) showed that obesity had a
significant and inverse relationship with test scores in mathematics, science, social
studies, reading/language and art. Results from a study by Du Toit et al. (2011)
indicated that being overweight had a negative effect on academic performance
among girls but not among boys. The percentage of body fat did not influence
academic performance. Judge and Jahns (2007) however demonstrated that obese
eight-year-old girls did not perform worse academically compared to girls of normal
weight, but they argued more and showed more symptoms of depression, such as
loneliness. Eveland-Sayers et al. (2009) and Ruiz et al. (2010) found no significant
relationship between BMI and academic scores. However, Welk et al. (2010)

observed that a normal BMI was positively associated with academic success. Van
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Dusen et al. (2011) agreed that a moderate BMI was best associated with academic

achievement compared to low and high BMI scores.

2.2.3.2.4. Reaction time and executive function

Studies have shown that fitter children perform better in terms of behaviour
measures of response accuracy and reaction time than those with lower
cardiovascular test scores. This could be owing to the greater allocation of attention
resources to working memory (Hillman et al., 2005). Studies demonstrated that
reaction time improved when exercising at 50% of maximal aerobic power compared
to rest (Davranche & Audiffren, 2004; Davranche et al., 2009). Hillman et al. (2005)
examined the brain activity of low-fit versus high-fit young adults. The participants
performed a visual discrimination task. The results revealed that high-fit children
have a greater allocation of attention and faster cognitive processing than low-fit

children, which could affect academic performance positively.

Studies confirm that increasing physical activity significantly improves executive
function (Kramer et al., 1999; Churchill et al., 2002; Dishman et al., 2006; Zoeller,
2010). Executive function refers to the ability to perform goal-directed actions in
complex environments (Tomporowski et al., 2008). It plays an important role in the
learning process (Said, 2013) and includes components such as planning,
multitasking, scheduling and working (Colcombe & Kramer, 2003; Dishman et al.,
2006). Motor skill training improves executive functions of cognition (Dishman et al.,
2006). Colcombe and Kramer (2003) conducted a meta-analysis on 18 studies done
from 1966 to 2001. They reported that aerobic exercise had a large effect on
cognitive performance in adults and that fithess positively influenced executive
function. An experiment by Colcombe et al. (2004) tested sedentary individuals aged
55 to 77 years. Results showed that a six month aerobic exercise programme led to
improved executive function owing to changes in PFC activation. Davis et al. (2007)
also observed a direct relationship between regular physical activity and improved
executive function in children. Results indicated that the high-dose exercise group

had improvements in standardised scores for planning.
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2.2.3.3. Social factors

Fraser and Killen (2003) examined factors influencing the academic success or
failure in first year and senior university students. Students reported that
presentations by lecturers were boring, which contributed to students’ academic
failure. There is evidence that physical activity can counteract boredom (Shephard,
1996; Coe et al, 2006) thereby increasing students’ attention span and
concentration (Al-Nader et al., 2013). To avoid student withdrawal and unsuccessful
completion of courses, universities should address the problems of poorly structured
and boring teaching methods (Martinez & Munday, 1998; Martinez, 2001), poor
course organisation (Martinez, 2001), and inadequate and weak course design
(Martinez & Munday, 1998).

Beck et al. (2011) reported that 68% of students procrastinate. This impacts their
academic performance negatively as they struggle to meet deadlines in their
academic work. Physical activity has been shown to increase energy levels and
stamina (Shephard, 1983), which can help the student to be more productive
throughout the day. Classroom behaviour also plays a critical role in academic
achievement (Trudeau & Shephard, 2008). Research indicated that exercise prior to
instructional class time reduces disruptive behaviour in disturbed students (Allison,
1985). Physical activity should therefore be promoted within a learning institution as
it may reduce disruptive behaviour, decrease the drop-out rate from the educational
programme (Trudeau & Shephard, 2008; Shephard et al., 2011) and result in an
improvement in academic performance (Cooper et al., 1999; Trudeau & Shephard,
2008; Al-Nader et al., 2013).

2.2.3.4. Personal factors

Research indicates that academic performance is negatively influenced by increased
television watching (Borzekowski & Robinson, 2005; Hancox et al., 2005; Shariff &
Sargent, 2006). Individuals who spend more of their time watching television tend to
have unhealthy lifestyle habits (Nelson & Gordon-Larsen, 2006), such as sedentary
behaviour (Rodenroth, 2010; Fountaine et al., 2011). Ruiz et al. (2010) concluded
that students who participate in sport did not spend less time studying, but spent less
time watching television and playing video games. Participants who spent more time

watching television and playing video games spent less time studying. The study
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also indicated that those who take part in sport had an increase in muscle and
cardio-respiratory fitness whereas those who spend more time watching television
and playing video games had lower muscle strength and cardio-respiratory fitness,
and a higher BMI. No association was found between muscle fithess and cognitive
performance or between BMI and cognitive performance. Wiecha et al. (2007)
observed that watching television and playing video games resulted in less time
spent doing homework and reading. It is therefore recommended that time spent
watching television and playing video games be reduced to less than two hours per
day. This in turn will lead to an increase in physical activity, which will influence

health positively (Strong et al., 2005).

Academic success is influenced by the health of students (Kim et al., 2003). When
students are ill they tend to miss class (Jensen, 1998, Keeley & Fox, 2009;
Woodward, 2009; Mujovié & Cubrilo, 2012), which affects their academic success
negatively. Research indicates that a sedentary lifestyle increases the risk of Type I
diabetes (US Department of Health and Human Services, 1996; Fox, 1999; Dishman
et al., 2006; Hillman et al., 2008; Trudeau & Shephard, 2008) and obesity, which
also have the potential to affect academic performance negatively (Kim et al., 2003;
Datar & Sturm, 2006; Trudeau & Shephard, 2008). Overweight students have lower
self-esteem and a poorer self-image — both of which are determinants of academic
achievement (Trudeau & Shephard, 2008; Woodward, 2009). Physical activity
reduces the risk of diabetes and obesity (Heyward, 2006; MacAuley, 2007; Al-Isa et
al., 2011; Plowman & Smith, 2014), and has a positive effect on overall health (US
Department of Health and Human Services, 1996; Warburton et al., 2006).

Research indicates that binge drinking affects academic performance negatively
(Ansari & Stock, 2010). Nutrition may also have an effect on academic performance
(Kim et al., 2003; Woodward, 2009). Half the students from the study by Beck et al.
(2011) reported that they do not have enough money to buy food. This is worrying as
hungry students struggle to concentrate, which would lead to academic difficulties. A
study by Kim et al. (2003) evaluated 6 463 Grade 5, 8 and 11 South Korean students
to obtain a better understanding of the association between physical activity, dietary
behaviours, and SES. No relationship was seen between body weight and academic

performance but a weak positive association was demonstrated between physical
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fithness and academic performance. Under-nutrition has been negatively associated
with cognitive development (Pollitt et al., 1996) while the regularity of meals is

positively linked to academic performance (Kim et al., 2003).

A study by Schwartz and Washington (2002) discovered that students’ performance
and ranking in high school were strong predictors in terms of student retention.
Students more likely to return to the next semester were those who had performed
better in high school and those who were more motivated. Students who had to
repeat a grade in high school are more likely to drop out of university (D’Hombres,
2007; Department of Basic Education, 2011).

Academic factors contributing to academic performance and student drop-out
include inadequate time spent preparing for class, inadequate time spent studying
(Strydom & Mentz, 2010), the degree of difficulty of courses, inadequate learning
material (Pierrakeas & Xenos, 2004), an inability to understand learning material, the
wrong choice of programme, and no interest in the topic (Allen, 1993; Pierrakeas &
Xenos, 2004). Other factors affecting academic success include students’ and
lecturers’ attitude (Shephard, 1997), the ability of the student (Keeley & Fox, 2009),
the student’s approach to studying (Meyer et al., 1990; Kadapatti & Vijayalaxmi,
2012), good study habits (Ayodele & Adebiyi, 2013) and the way in which the
student’s connects with the institution (Trudeau & Shephard, 2008; Ansari & Stock,
2010). Research indicates that students who connect socially with the university
community have a greater chance of retention (Tinto, 1999). Students who set
suitable goals (Schmelzer et al., 1987) and those who have self-discipline are more
likely to succeed academically (Schmelzer et al.,, 1987). For a student to be
successful he or she needs to have a strong feeling of self-efficacy (Fraser & Killen,
2003, Carroll et al., 2009), determination and purpose, and needs to enjoy academic
activity (Fraser & Killen, 2003). Academic achievement may be influenced by the
interaction between the student and the lecturer (Lizzio et al., 2002; Fraser & Killen,
2003), the quality of instruction time that the student receives (Lizzio et al., 2002;
Rivkin et al., 2005; Keeley & Fox, 2009; Kadapatti & Vijayalaxmi, 2012), learning
disabilities, public policy (Castelli et al., 2007), quality of the curriculum (Welk et al.,
2010), and cultural expectations (Fraser & Killen, 2003). A study by Du Plessis et al.

(2005) researched the success predictors in accounting students and reported age,
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gender, language, motivation and time management to be predictors of academic
success. While Sigfusdottir et al. (2007) observed a weak positive relationship
between gender and academic performance, Said (2013) confirmed that time
management affected academic performance. Woodward (2009) stated that genetics
may also have an influence. When assessing the association between physical
fithness and academic performance, various studies controlled for gender (Sigfusdottir
et al., 2007; Chomitz et al., 2009; Welk et al., 2010), but not for time management.
Classroom variables such as class attendance and class size (Fraser & Killen, 2003;
Rivkin et al., 2005; Welk et al.,, 2010; Mushtag & Khan, 2012) have an effect on
academic performance. Schneider (2002) suggested that factors such as noise, light,
air quality and temperature may also affect a student’'s ability to perform

academically.

2.2.3.5. Economic factors

SES, which can be determined by a person’s status in terms of income, education,
occupation and wealth (Considine & Zappala, 2002; Farooq et al., 2011), has a
significant impact on student success (Kim et al., 2003; Davis-Kean, 2005;
Toutkoushian & Curtis, 2005; Farooq et al., 2011; Kadapatti & Vijayalaxmi, 2012;
Mushtaq & Khan, 2012; Ayodele & Adebiyi, 2013). SES can be indicative of better
health (Brunner, 1997; Grissom, 2005; Welk et al., 2010) and better living conditions,
which may be responsible for higher academic achievement and higher levels of
fitness (Grissom, 2005; Welk et al., 2010). Research indicates that students from
high to middle income families are more likely to perform better academically than
those living in poverty (Davis-Kean, 2005; Grissom, 2005; Coe et al., 2006; Burton &
Van Heest, 2007). Families with a higher income can afford healthier food and find

recreational facilities where exercise is promoted (Adler et al., 2007).

Studies have indicated that South African students from low income households and
those who have less educated families have a higher probability of dropping out of
university (Kuh et al., 2007; Letseka & Maile, 2008). This could be owing to the fact
that students from lower economic status live in more chaotic homes with less
structure and more instability. They suffer more family turmoil and violence, have
fewer social support networks and fewer cognitive enrichment opportunities (Evans,

2004). They study in cramped living quarters or under difficult conditions (Letseka &
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Maile, 2008). The environments they live in are more polluted and unhealthy (Evans,
2004), which increases their risk of developing chronic conditions such as asthma.
They experience more injury and illness and tend to miss class more often (Adler et
al., 2007). Those from lower SES families tend to have lower levels of literacy and
comprehension; they show higher levels of problematic behaviour, and have lower

retention rates (Considine & Zappala, 2002).

2.2.3.6. Environmental factors

Providing a stimulating home environment has been shown to have an effect on
academic performance (Li et al., 2008; Kadapatti & Vijayalaxmi, 2012). Research
has indicated that family support and encouragement can have a positive effect on
student retention (Dwyer et al.,, 2001; Pierrakeas & Xenos, 2004; Keeley & Fox,
2009; Welk et al., 2010). Often family members inform their child that dropping out of
university is not an option. This places extra stress on the student to avoid failing
his/her subjects or dropping out of his/her course (Wintre & Jaffe, 2000). Support
from peers can also contribute to academic success (Flook et al., 2005; Ayodele &
Adebiyi, 2013). Sigfusdottir et al. (2007) reported a significant positive association

between family structure and academic performance.

Research indicates that student success is influenced by parents’ education and
income (Sutton & Soderstrom, 1999; Sigfusdottir et al., 2007; Chomitz et al., 2009;
Farooq et al., 2011; Mushtag & Khan, 2012). Students whose parents did not
graduate from university had more difficulty in completing university studies
successfully compared to other students (DeFreitas & Rinn, 2013). Results from
studies have shown that students whose fathers had completed tertiary education
were less likely to drop out of university (Cignano & Cipollone, 2003; D’Hombres,
2007). Davis-Kean (2005) noted that parents’ education positively influenced their
child’s academic success owing to the indirect impact of their stimulating home
behaviour and the parents’ beliefs around achievement. Educated parents may be
more efficient teachers at home and help their children with homework (Davis-Kean,
2005). Various studies have incorporated information on SES (Dwyer et al., 2001,
Sigfusdottir et al., 2007; Chomitz et al., 2009; Welk et al., 2010), parental education
and family structure (Sigfusdottir et al., 2007) in their research. Studies accounting
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for SES often used the mother’s education as indicator (Kim et al., 2003; Chomitz et
al., 2009; Kwak et al., 2009).

2.2.4. What is the admission point (AP) score and how is it calculated?
The AP score system was developed to help potential students determine whether
they meet the minimum entry requirements for a course at college or

university (http://www.tut.ac.za/enrol/Admissions/Pages/APS.aspx). The AP score

system assigns point values to the levels of achievement obtained in matric subjects
(http://www.cut.ac.za/admission/). If a student has more than seven subjects in
matric, the seven best subjects are selected to calculate the AP score. If the AP
score falls within the testing band, but does not reach the required direct admission
score, the student will automatically be allowed to be referred for testing. However,
the admission is based on the results achieved in the National Senior Certificate

examination (https://www.nmmu.ac.za/Apply/Admission/APS-Calculator).

2.3. Cognition

2.3.1. The brain

The adult brain in humans is a critical part of the nervous system (Jensen, 1998) and
is able to gain knowledge through experience (Binder et al., 2009). It weighs
approximately 1 300 to 1 400 g (Jensen, 1998), which constitutes about 2% of body
weight (Davenport et al., 2012). Its most notable characteristic is the folds that form
part of the cerebral cortex. The brain is made up of the right and left hemisphere and
is divided into the occipital lobe (responsible for vision) (Jensen, 1998; Saladin,
2010), the temporal lobe (responsible for memory, hearing, language and meaning)
(Jensen, 1998; Colcombe et al., 2003; Saladin, 2010), the parietal lobe (responsible
for processing language and higher sensory functions), and the frontal lobe (involved
with problem solving, creativity, judgement and planning) (Jensen, 1998; Saladin,
2010). The rostral part of the frontal lobes of the brain is known as the PFC (Saladin,
2010).

The PFC is very closely associated with areas involved in motor planning (Alonso-
Alonso & Pascual-Leone, 2007) and has been linked with critical cognitive
processes, including measures of general intelligence (Duncan et al., 1996;

Colcombe et al., 2003). It is responsible for learning and problem solving, which are
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stimulated through learning complex movements (Sallis et al., 1999). The structure
and function of the PFC is shaped by physical activity (Lambourne, 2006; Alonso-
Alonso & Pascual-Leone, 2007). Activation of the PFC helps with motor activity. The
association between physical activity and the right PFC has been well documented.
Activating the right PFC may decrease appetite and promote long term compliance
with an exercise programme (Alonso-Alonso & Pascual-Leone, 2007). Clinical
syndromes such as schizophrenia have been associated with losses in the PFC
(Sowell et al., 2001) while losses in the temporal lobes have been associated with

Alzheimer’s disease and dementia in elderly people (Colcombe et al., 2003).

The hippocampus (Cotman & Berchtold, 2002) is part of the limbic system (Zoeller,
2010). It is situated in the medial temporal lobe (Jensen, 1998; Kramer et al., 2006)
and is responsible for learning, memory (Cotman & Berchtold, 2002; Squire et al.,
2004; Kramer et al., 2006; Vaynman & Gomez-Pinilla, 2006) and spatial navigation
(Kramer et al., 2006; Zoeller, 2010). A number of genes in the hippocampus are
regulated through exercise (Cotman & Berchtold, 2002). The size of the anterior
hippocampus increases with aerobic exercise training, which results in improved

spatial memory (Kempermann et al., 1997; Kempermann et al., 1998).

Oxygen is vital to the brain (Jensen, 1998). Physical activity improves the oxygen
supply to the brain, which increases one’s capacity to learn (Rodenroth, 2010, cited
in Gallery, 2002), and helps the individual make decisions (Rodenroth, 2010). If the

brain’s blood supply is interrupted, it results in loss of consciousness (Jensen, 1998).

2.3.2. The association between cognitive function and physical activity
Cognitive function refers to a number of fundamental mental processes
(Tomporowski et al., 2008; Saladin, 2010) with the ability to select, store, retrieve
and integrate information (Cupples & Stilley, 2005). Components of cognition are
active throughout life (Nelson, 1999) and include attention, working memory, reaction
time and stimulus response (Keeley & Fox, 2009). A link has been reported between
physical fitness and performance in terms of cognitive and perceptual skills, as well
as tasks (Van Praag et al., 1999). Research indicates that exercise improves
cognitive function of the young, the elderly and those with intellectual disability
(Pastula et al., 2012).
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A body of literature has examined the association between physical fithess and
cognitive functioning (Hillman et al., 2005; Etnier et al., 2006; Hillman et al., 2008;
Tomporowski et al., 2008; Shelton, 2009). Both human and animal studies confirmed
that regular exercise alters brain structure and the brain functions responsible for
cognition and behaviour (Van Praag et al., 1999; Kramer et al., 2002; Colcombe et
al., 2004; Kramer et al., 2006; Pereira et al., 2007; Aberg et al., 2009; Huang et al.,
2013). Physical activity and fithess increase brain mass (Kramer et al., 2002; Hillman
et al., 2008; Du Toit et al., 2011), and improve brain health (Colcombe et al., 2003;
Dishman et al., 2006; Chomitz et al., 2009; Al-Nader et al., 2013) and mental health
(Thirlaway & Benton, 1992; Taras, 2005; Keeley & Fox, 2009). It is closely
associated with a number of mental benefits (Laurin et al., 2001; Barnes et al., 2003;
Colcombe & Kramer, 2003; Sibley & Etnier, 2003; Dishman et al., 2006; Etnier et al.,
2006; Al-Nader et al., 2013), and positively influences cognition (US Department of
Health and Human Services, 1996; Etnier et al., 1997; Fox, 1999; Laurin et al., 2001;
Churchill et al., 2002; Barnes et al., 2003; Colcombe & Kramer, 2003; Dik et al.,
2003; Sibley & Etnier, 2003; Hillman et al., 2005; Dishman et al., 2006; Etnier et al.,
2006; Kramer et al., 2006; Vaynman & Gomez-Pinilla, 2006; Burton & Van Heest,
2007; Castelli et al., 2007; MacAuley, 2007; Winter et al., 2007; Hillman et al., 2008;
Tomporowski et al., 2008; Van Praag, 2008; Chomitz et al., 2009; Du Toit et al.,
2011; Davenport et al., 2012; Al-Nader et al., 2013; Aye et al., 2013; Huang et al.,
2013). Physical fitness leads to changes in brain-derived neurotransmitter activity
(Herholz et al., 1987; Shephard, 1997; Cotman & Berchtold, 2002; Eveland-Sayers

et al., 2009), which may explain the improvements in cognitive functioning.

A meta-analysis of 44 studies showed that physical activity is positively linked to
improved cognitive functioning in children. The type of exercise did not seem to
influence the results (Sibley & Etnier, 2003). Tomporowski et al. (2008) and Trudeau
and Shephard (2008) observed that fitter children perform cognitive tasks more
efficiently than less fit children. Barnes et al. (2003) examined whether baseline
measures of cardiorespiratory fithess were linked to cognitive function maintenance
over a six year period. A positive relationship was reported. Yaffe et al. (2001)
showed that cognitive performance improved with an increase in reported levels of
activity. A cohort of over one million Swedish men in the military were recruited to

examine the cross-sectional and longitudinal association between physical fithess
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and cognitive function. In 18-year-old men, aerobic fithess was positively linked with
performance in logic and verbal intelligence tests (Aberg et al., 2009).

Physical fitness has been shown to maintain or improve cognitive function in older
adults and elderly people (Colcombe & Kramer, 2003; Dishman et al., 2006; Kramer
et al., 2006; Zoeller, 2010). It is thought that the increase in blood flow may delay the
cognitive declines caused by the aging process (Churchill et al., 2002). A meta-
analysis examining the effect of exercise training in older adults with cognitive
impairment and dementia concluded that exercise training was positively associated
with health, physical, cognitive, behavioural and functional components (Heyn et al.,
2004). Colcombe and Kramer (2003) conducted a meta-analysis on 18 intervention
studies to examine the association between aerobic fithess and cognition in
sedentary older adults. Results indicated that fitness had a significant effect on
cognition. The length, type and duration of the fitness training programme
determined the extent of benefits on cognition. Kemoun et al. (2010) reported that a
15-week physical activity programme slowed down the decline in cognitive
functioning and improved the quality of walking in aged persons suffering from
dementia (Kemoun et al., 2010). This study was in agreement with previous research
that had demonstrated that stamina based exercises, such as walking and
ergocycle, improved overall cognitive functioning in healthy elderly people
(Colcombe et al., 2003) and in elderly patients suffering from dementia (Kemoun et
al., 2010).

Studies have indicated that cognition is positively influenced by cardio-respiratory
fithess (Barnes et al., 2003; Colcombe & Kramer, 2003). For improvements in mental
health, the literature recommends moderate intensity exercise for 30 minutes or
more (Fox, 1999), five or six days a week. Zoeller (2010) stated that aerobic and
strength training that lasted 30 minutes or more at a time, for a duration of more than
six months resulted in the greatest benefit in terms of cognitive function. Colcombe
and Kramer (2003) reported that positive gains in cognitive performance can appear
within a short time. They also concluded that less than 30 minutes of exercise has a
limited impact on cognitive performance. Findings obtained by Pastula et al. (2012)
indicated that exercising at 60 to 70% of maximum heart rate effectively improved
the cognitive functioning of intellectually disabled young adults. In its conclusion, the

study stated that moderate intensity exercise benefits both physical and mental
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health. It is assumed that aerobic type exercise, which includes cycling, running, or
brisk walking, has a positive effect on cognitive ability whereas anaerobic exercise
such as stretching and toning exercise does not have the same effect (Miller et al.,
2012).

2.4. Physical activity and physical fitness

Physical activity consists of an intricate mix of behaviours (US Department of Health
and Human Services, 1996; Malina, 2001; Keeley & Fox, 2009; Lindwall et al.,
2012). When skeletal muscles contract to produce a body movement that results in
the expenditure of energy, it is referred to as physical activity (Caspersen et al.,
1985; US Department of Health and Human Services, 1996; Garcia et al., 1998;
Malina, 2001; Dishman et al., 2006; MacAuley, 2007; Trudeau & Shephard, 2010).
Exercise is a form of physical activity that is structured and repetitive and helps to
maintain or improve physical fitness (US Department of Health and Human Services,
1996; Dishman et al., 2006; MacAuley, 2007). Estimates of physical activity can be
obtained by means of interviews, questionnaires, and heart rate integrators (Malina,
2001; Ainsworth, 2009). Epidemiological studies have used a variety of techniques
such as surveys (Caspersen et al., 1985), diaries, recall, global self-reports and logs
to classify physical activity levels (US Department of Health and Human Services,
1996). Sigfusdottir et al. (2007) used self-report questions to measure physical
activity when examining health behaviour and academic achievement in school
children in Iceland. However, direct measurements of physical activity by means of
electronic or mechanical devices or physiological measurements are more accurate

and therefore preferred (US Department of Health and Human Services, 1996).

On average, males are physically more active than females (Malina, 2001;
Bloemhoff, 2010). In 2008, the World Health Organization (WHO) noted that 46,4%
males, and 55,7% females were not sufficiently physically active (WHO, 2010). Lack
of physical activity is a major problem in South Africa with 48% of adult men and
63% of adult woman being categorised as inactive (Department of Health, 2007). A
study conducted by Smit et al. (2011) indicated that the majority of South African
women fell in the low physical activity group. According to the WHO, being physically

unfit is the fourth leading cause of death. Individuals who participate in 30 minutes of
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moderate intensity physical activity have a 20-30% reduced risk of all-cause

mortality compared to sedentary individuals (WHO, 2010).

Barriers associated with physical activity include age, personality, knowledge, peer
pressure (Rodenstock et al., 1988), and a lack of time and motivation (Quadros et
al.,, 2009; Al-lsa et al., 2011). A study by Gyurcsik et al. (2006) reported that
university students experienced more barriers to exercise than high school learners.
These included intrapersonal, institutional and interpersonal barriers. Intrapersonal
barriers refer to the characteristics of the individual such as a negative attitude to
exercise or a lack of motivation (McLeroy et al., 1988; Gyurcsik et al., 2006). It also
refers to the individual’s skills, knowledge and behaviour (McLeroy et al., 1988).
Institutional barriers refer to the characteristics of the institution such as not providing
an environment for students to exercise. Interpersonal barriers refer to social
networks and support systems (McLeroy et al., 1988; Gyurcsik et al., 2006). Barriers
to exercise may prevent a student from having an active lifestyle. This causes a
student to become physically unfit, which can contribute to health problems. Other
factors contributing to physical activity behaviour include gender, ethnicity, history of

physical activity, and enjoyment derived from physical activity (Keating et al., 2005).

A study by Lovell (2010) examined the perceived benefits of and barriers to exercise
in inactive female university students and showed that physical exertion was the
greatest perceived barrier to exercise. Time expenditure and family discouragement
were also classified as barriers to exercise. Some students admitted to being too
embarrassed to exercise, while others felt that exercise was hard work and took too
much time away from their family relationships. The greatest perceived benefit of
exercise was physical performance, which includes health aspects such as physical
appearance, physical fitness, stamina and muscle tone. A systematic approach to
alleviate barriers to physical activity is needed at universities. A study by Kilpatrick
(2005) observed that male university students are more likely to be motivated by
ego-related factors such as competition, strength and endurance than female
university students, and view exercise as an opportunity to achieve these ego-

related goal outcomes. They are stimulated by performance and social recognition.
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Physical fitness is a physiological state of well-being (Plowman & Smith, 2014) and
refers to a complex set of functional capabilities and capacities (Keeley & Fox,
2009). Physical fitness is the ability to perform physical activity (Caspersen et al.,
1985; Heyward, 2006) and daily tasks with alertness and vigour, and without
excessive fatigue (US Department of Health and Human Services, 1996; Heyward,
2006). Being physically fit reduces the risk of hypokinetic diseases, which are
diseases caused by a lack of physical activity (Plowman & Smith, 2014). Studies
have indicated that fitness levels may be Ilinked to emotional, social and
environmental factors (Cottrell et al., 2007). Physical fithess can be divided into
health-related and performance-related fitness. Health-related fitness includes
cardio-respiratory or cardiovascular endurance, muscle strength, muscle endurance,
body composition, and flexibility (US Department of Health and Human Services,
1996; Heyward, 2006; MacAuley, 2007; Tomporowski et al., 2008; Keeley & Fox,
2009; Plowman & Smith, 2014). These five components form the core of aerobic
fitness (Plowman & Smith, 2014). Performance-related fitness includes balance,
agility, speed and reaction time (US Department of Health and Human Services,
1996; MacAuley, 2007; Plowman & Smith, 2014). Exercise training is a method
designed to improve the specific dimensions of physical fithess (Tomporowski et al.,
2008). Studies have shown that certain components of physical fitness may
influence academic performance whereas other components have no significance
(Dwyer et al., 2001; Castelli et al., 2007; Eveland-Sayers et al., 2009; Keeley & Fox,
2009; Du Toit et al.,, 2011). Cardiovascular fitness and body composition have
generally been shown to have the strongest association with academic performance.
This could be because these two components are strongly associated with risk
factors for chronic disease (Van Dusen et al., 2011).

Measuring the components of physical fitness is valuable as it helps students to
understand the benefits of maintaining an active lifestyle (Woodward, 2009). The
components of physical fithess are measured using a battery of tests (Keeley & Fox,
2009) that are highly accurate and reliable (US Department of Health and Human
Services, 1996). Fitness can be measured using laboratory tests as well as field
tests; however, field tests are often preferred as they can be performed anywhere
(Plowman & Smith, 2014). When examining the relationship between physical fithess

and academic performance, fitness was often measured using the FithessGram
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(Grissom, 2005; Castelli et al., 2007; Welk et al., 2010; Du Toit et al., 2011; Van
Dusen et al., 2011). The FitnessGram was developed by the Cooper Institute for
Aerobics Research and provides a reliable and valid measurement of fithess
(Castelli et al., 2007). It measures five aspects, namely aerobic capacity, body
composition, trunk strength, upper body strength and flexibility (Grissom, 2005).
Chomitz et al. (2009) made use of aerobic endurance, BMI, abdominal strength,
upper body strength and flexibility to measure overall physical fithess, and included
agility. Dwyer et al. (2001) measured physical activity and physical fithess using a

guestionnaire and indoor and outdoor fitness tests.

2.4.1. Physical activity levels in university students

Physical activity declines with age (Malina, 2001). Studies indicate that the biggest
decline in physical activity occurs during adolescence (between the ages of 15 and
19) and young adulthood (20 to 25) (Leslie et al., 2001; Malina, 2001; Gyurcsik et al.,
2006). Research has indicated that the physical activity levels of university students
is low (Keating et al., 2005), with more than half of university students not meeting

the minimum requirement of physical activity (Ferrara, 2009).

Keating et al. (2005) have shown that approximately 30-50% of students do not
participate in the recommended levels of activity necessary to obtain health benefits,
while Sparling and Snow (2002) have indicated that only 34,3% of college students
participated in the recommended levels of moderate and high intensity exercise.
Those who had engaged in the recommended levels of physical activity picked up
less weight after graduation than those who had been inadequately active. Irwin
(2007) had similar findings. Only 35% of university students participated in the
recommended levels of physical activity necessary for health benefits. A survey
conducted by Douglas et al. (1997) demonstrated that 36% of university students
were not involved in adequate physical activity. This correlated with the studies
mentioned above. Bloemhoff (2010) reported that 33% of students are inactive,
irrespective of gender or race. Bray and Born (2004) reported that 66% of their
sample of first year university students had participated in sufficient physical activity
during high school. This dropped to 44% during the transition period from high
school to university. These results are worrying as physical inactivity increases the

risk of health problems (US Department of Health and Human Services, 1996;
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Baranowski et al., 1997; Garcia et al., 1998; Stone et al., 1998; US Department of
Health and Human Services, 2000; Leslie et al., 2001; Malina, 2001; Gyurcsik et al.,
2006) and increases mortality (US Department of Health and Human Services, 1996;
Shephard, 1997; Fox, 1999). Adults who exercise regularly tend to adopt other
positive healthy habits (Pate et al., 1996) and are less likely to participate in
behaviours that pose a risk to health (Nelson & Gordon-Larsen, 2006). They are
more likely to follow healthier diets, maintain a healthier body composition (Blair et
al., 1985; Simoes et al., 1995), tend to smoke less and use less alcohol (Blair et al.,
1985; Simoes et al., 1995; Nelson & Gordon-Larsen, 2006). Owing to the high levels
of physical inactivity among university students, strategic interventions need to be
developed to improve their health status and reduce their risk of chronic disease
(Bloemhoff, 2010).

2.5. Physical activity and health

Our genes rely on physical activity to function normally (Booth et al., 2000; Heyward,
2006). Unfortunately the amount of physical activity performed daily has reduced
dramatically over the past century (Booth et al.,, 2000), despite the numerous
physiological and psychological benefits of physical activity (Brown et al., 1978; US
Department of Health and Human Services, 1996; Shephard, 1997; Jensen, 1998;
Fox, 1999; US Department of Health and Human Services, 2000; Hausenblas &
Symons Downs, 2001; Grissom, 2005; Keeley & Fox, 2009; Rodenroth, 2010;
Shephard et al., 2011; Miller et al.,, 2012). Physical activity decreases all-cause
mortality significantly (Shephard, 1997; MacAuley, 2007; Bloemhoff, 2010; Plowman
& Smith, 2014) and leads to improved fitness, which reflects overall better health
(Palmore, 1970; Taras, 2005; Chomitz et al., 2009; Plowman & Smith, 2014). Overall

better health contributes to better academic results (Chomitz et al., 2009).

The interaction between the duration, intensity and frequency of exercise will
determine the overall effect on an individual’s health (Keating et al., 2005). Research
indicates that moderate intensity physical activity is required to promote overall
health and prevent disease (Strong et al., 2005; Heyward, 2006). It is recommended
that all adults engage in moderate intensity exercise for at least 30 minutes or more
on most, if not all days of the week (Pate et al. 1994; Strong et al., 2005; Townsend
et al.,, 2012; Plowman & Smith, 2014), using the large muscle groups (US
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Department of Health and Human Services, 1996; Townsend et al., 2012). The
guidelines of Plowman and Smith (2014) and Heyward (2006) correlate with those of
the WHO (2010) that recommend 150 minutes of moderate intensity exercise per
week for adults over 18 years of age, or vigorous intensity exercise of 75 minutes or
more per week for health benefits. The risk of colon and breast cancer is reduced

significantly by engaging in 30—60 minutes’ physical activity daily (WHO, 2010).

With more and more people becoming sedentary (Booth et al., 2000; Heyward,
2006; Rodenroth, 2010; Mujovi¢ & Cubrilo, 2012) the risk of chronic disease has
risen (Heyward, 2006). Physical inactivity (Booth et al., 2000; Mujovi¢ & Cubrilo,
2012) and inappropriate diet are the two strongest predisposing factors of chronic
disease (Booth et al., 2000), with physical inactivity resulting in approximately 3,2
million deaths per year (WHO, 2010). Chronic disease refers to disease that is slow
in progress and long in duration (Dorland, 1974, cited in Booth et al., 2000).
Coronary heart disease, Type Il diabetes, stroke, hypertension, cancer, obesity and
osteoporosis are examples of chronic disease (Booth et al., 2000; Bradshaw et al.,
2011), all of which can be reduced by means of physical activity (US Department of
Health and Human Services, 1996; Booth et al., 2000; Heyward, 2006; Warburton et
al., 2006; MacAuley, 2007; Keeley & Fox, 2009; WHO, 2010; Mujovi¢ & Cubrilo,
2012). Studies have indicated that the prevalence of chronic disease is less in
societies where physical work is largely performed every day. The incidence of
chronic disease has increased drastically (Booth et al., 2000) in developed countries
where exercise is being omitted from lifestyles and replaced by technology
(Heyward, 2006; Woodward, 2009; Rodenroth, 2010). Owing to the increase in the
use of computers on campus, students spend less time being physically active and

more time sitting (Leslie et al., 2001; Fountaine et al., 2011).

Physical activity reduces the risk of a wide variety of age-related diseases (Radak et
al., 2001; Dishman et al., 2006) and has a positive effect on the cardiovascular,
respiratory, musculoskeletal (US Department of Health and Human Services, 1996;
Jensen, 1998) and endocrine systems (US Department of Health and Human
Services, 1996). It also plays an important role in strengthening the immune system
(Dishman et al., 2006). The immune system is an adaptive system that provides

surveillance against viruses, bacteria and foreign proteins (US Department of Health
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and Human Services, 1996; Plowman & Smith, 2014). Research has shown that
students’ immune systems are depressed during test time (Jensen, 1998). Physical
activity should therefore be encouraged throughout the year, including during exams,
as it reduces tension, anxiety and stress (Eveland-Sayers et al., 2009; Al-Nader et
al., 2013) and strengthens the immune system (Dishman et al., 2006), which could

influence academic success positively.

Cardiovascular disease affects the heart and blood vessels (MacAuley, 2007) and is
a major cause of death worldwide (Bleske et al., 2011). Cardiovascular disease was
the leading cause of terminal non-communicable disease (NCD) (also known as non-
infectious disease) in 2008, accounting for 17 million or 48% of NCD deaths (WHO,
2010). A study by Bleske et al. (2011) showed that cardiovascular risk factors are
evident in young educated people. These risk factors include obesity, dyslipidemia,
hypertension, diabetes mellitus, cigarette smoking and physical inactivity (Heyward,
2006; Plowman & Smith, 2014). Evidence indicates that physical activity and healthy
dietary habits are primary prevention strategies in the prevention of cardiovascular
disease in the youth (Kelder et al., 1994; Tremblay et al., 2000; MacAuley, 2007;
Mujovié¢ & Cubrilo, 2012). Physical fitness is a strong predictor of cardiovascular
health (Warburton et al., 2006) and reduces the risk of heart disease (Shephard,
1997; Fox, 1999; Barnes et al., 2003; Warburton et al., 2006) and heart failure
(Dishman et al., 2006). Cuhadar et al. (2013) observed that the risk of coronary heart
disease was lower in young adult males who patrticipated in high levels of physical

activity than in less active young adult males.

During their first semester at university, approximately 25% of students pick up a
significant amount of weight (Wengreen & Moncur, 2009), which can negatively
affect self-esteem (Kilpatrick et al., 2005). Effective strategies need to be put into
place to assist these students to maintain a healthy body weight (Wengreen &
Moncur, 2009) as individuals of normal weight get ill less often than those who are
overweight or underweight (Palmore, 1970). Overweight and obesity is a major
health risk (Plowman & Smith, 2014) increasing the risk of morbidity and mortality
(Stevens et al., 2002). It is a risk factor for cardiovascular disease (Tremblay et al.,
2000) increasing the probability of hypertension, diabetes, depression and anxiety
(Woodward, 2009; WHO, 2010; Plowman & Smith, 2014). It also increases the risk
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of developing NCD (Hajian-Tilaki & Heidari, 2006; Bradshaw et al., 2011), such as
stroke, cancer and asthma (MacAuley, 2007; Bradshaw et al., 2011). The rise of
NCD in South Africa has a negative impact on productivity (Bradshaw et al., 2011).
NCD can be modified through regular activity and healthy eating habits (MacAuley,
2007; Bradshaw et al., 2011). Unfortunately when students become overweight or
obese, they are less likely to take part in physical activity (Al-lsa et al.,, 2011).
Overweight or obese individuals find physical activity difficult, and not as enjoyable
as people within the healthy weight range (Woodward, 2009).

Obesity has been recognised by the WHO as a chronic disease (Van Der Merwe &
Pepper, 2006). Approximately 2,8 million people die each year because they are
overweight or obese (WHO, 2010). In South Africa obesity has increased drastically
over the past 25 years resulting in an increase in the risk of comorbid disease (Van
Der Merwe & Pepper, 2006). In particular, overweight and obesity levels in South
African woman are exceptionally high (Van Der Merwe & Pepper, 2006; Wengreen &
Moncur, 2009; Bradshaw et al.,, 2011). In 2008, the age-standardised adjusted
estimate for overweight South African adults over the age of 20 years was 68% for
both sexes (WHO, 2010). In 1998, 29% South African men and 57% South African
woman were classified as overweight or obese (Van Der Merwe & Pepper, 2006).
Obesity refers to an excess of adipose tissue (US Department of Health and Human
Services, 1996). A person is considered overweight when their BMI is between 25
and 30 kg.m™, and obese when it is 30 kg.m™ or above (Heyward, 2006; MacAuley,
2007; Bradshaw et al., 2011; Plowman & Smith, 2014). A sedentary lifestyle is a
major contributor to obesity (US Department of Health and Human Services, 1996;
Davis et al., 2007; Trost, 2007).

Obesity in childhood increases the risk of chronic disease in adulthood (Welk et al.,
2010). Because of its huge toll on the nation’s health, physical activity is becoming of
great importance (Stevens et al., 2002). Regular physical activity reduces body fat
(Booth et al., 2000; Stevens et al., 2002; Burton & Van Heest, 2007; Mujovi¢ &
Cubrilo, 2012) and also has a positive effect on the distribution of body fat (US
Department of Health and Human Services, 1996), preventing the onset of obesity
which has become a world-wide epidemic (Shephard, 1997; Booth et al., 2000;
Stevens et al., 2002; Strong et al., 2005; Heyward, 2006; Van Der Merwe & Pepper,
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2006; Burton & Van Heest, 2007; MacAuley, 2007; Woodward, 2009; Mujovi¢ &
Cubrilo, 2012; Plowman & Smith, 2014). If the trend of being overweight is not
reversed, physical inactivity and unhealthy eating habits may soon become the
leading preventable causes of death, overtaking tobacco (Mokdad et al., 2004). It
has been shown that women are 60% less likely to be obese if they exercise three to
four hours per week compared to being sedentary (Hajian-Tilaki & Heidari, 2006). It
is therefore necessary to encourage lifelong, regular physical activity in order to gain
numerous health benefits and reduce the risk of obesity (US Department of Health
and Human Services, 1996; Booth et al., 2000; Burton & Van Heest, 2007,
MacAuley, 2007).

Diabetes (Bradshaw et al., 2011; Khashayar et al., 2013; Plowman & Smith, 2014)
and hypertension are associated with obesity (Bradshaw et al., 2011). Like obesity,
Type Il diabetes (also known as non-insulin dependent diabetes mellitus) has
reached epidemic proportions (Booth et al., 2000; Van Der Merwe & Pepper, 2006;
Plowman & Smith, 2014). Physical inactivity is associated with non-insulin
dependent diabetes mellitus. Insulin resistance is associated with cognitive
impairment (US Department of Health and Human Services, 1996; Vaynman &
Gomez-Pinilla, 2006). This could be owing to the fact that insulin is used by the brain
structures responsible for learning and memory (Vaynman & Gomez-Pinilla, 2006).
Physical activity is one of the most effective therapies for individuals with insulin
resistance (Booth et al., 2000; Heyward, 2006; Plowman & Smith, 2014) and Type I
diabetes (US Department of Health and Human Services, 1996; Fox, 1999; Booth et
al., 2000; Barnes et al., 2003; Warburton et al., 2006; MacAuley, 2007; Mujovi¢ &
Cubrilo, 2012). Exercise increases insulin sensitivity, as well as the uptake of

glucose by the skeletal muscle (Booth et al., 2000; Mujovi¢ & Cubrilo, 2012).

Physical fitness reduces the risk of cerebrovascular disease (Shephard, 1997,
Barnes et al., 2003) and stroke, and is an effective treatment method for several
diseases (Keeley & Fox, 2009), such as some cancers (US Department of Health
and Human Services, 1996; Fox, 1999; Booth et al., 2000; Warburton et al., 2006;
MacAuley, 2007; Plowman & Smith, 2014) including colon cancer (US Department of
Health and Human Services, 1996; Booth et al., 2000; Plowman & Smith, 2014).

Physical activity is also associated with energy metabolism (Vaynman & Gomez-
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Pinilla, 2006), and regulates disease-related genes such as lipoprotein lipase which
is responsible for lipoprotein metabolism (Booth et al., 2000). Regular physical
activity leads to a reduction in the development of hyperlipidemia (Shephard, 1997;
Heyward, 2006; Cowan & Nash, 2010) and hypertension (Shephard, 1997; Barnes et
al., 2003; Dishman et al., 2006; MacAuley, 2007; Mujovi¢ & Cubrilo, 2012; Plowman
& Smith, 2014). Physical activity maintains skeletal mass, healthy joints (US
Department of Health and Human Services, 1996; Strong et al., 2005; Warburton et
al., 2006), bone mass (Mujovié & Cubrilo, 2012), and a strong body (Adler et al.,
2007) thereby delaying the onset of osteoporosis (Warburton et al., 2006; Mujovi¢ &
Cubrilo, 2012). It improves balance (MacAuley, 2007), endurance, strength, flexibility
and co-ordination (MacAuley, 2007; Mujovié & Cubrilo, 2012), and has a significant
influence on general well-being. Physical activity improves one’s quality of life
(Brown et al., 1978; Shephard, 1983; Mujovi¢ & Cubrilo, 2012; Al-Nader et al., 2013).

Insomnia affects approximately one third of the adult population and negatively
affects work performance (Fox, 1999). Sleep deprivation and poor quality sleep are
common in university students (Gilbert & Weaver, 2010). A study conducted by
Ansari and Stock (2010) reported that 20% of students suffered from insomnia or
from a sleeping disorder. Irregular sleep patterns in students can result in
drowsiness, can have a negative effect on concentration level, and can result in an
increase in stress levels (Matsumoto et al., 2011). This in turn has a negative impact
on academic performance (Eisenberg et al., 2007; Ansari & Stock, 2010; Gilbert &
Weaver, 2010; Matsumoto et al., 2011). Inadequate sleep is a significant health
problem (Gilbert & Weaver, 2010), which has been shown to increase blood
pressure, pulse rate and waist circumference in male university students (Matsumoto
et al.,, 2011). Being deprived of sleep can imitate depressive symptoms such as
fatigue and irritability (Gilbert & Weaver, 2010). Many studies have shown that
physical activity leads to improved sleep habits (Baekeland & Lasky, 1966; Fox,
1999; Driver & Taylor, 2000; Etnier et al., 2006), which have been shown to affect
academic performance positively (Etnier et al., 2006) and benefit physical and

mental health (Matsumoto et al., 2011).

With the large increase in the number of diseases in modern times (Mujovi¢ &
Cubrilo, 2012), strategies are needed to encourage the population to become

45



physically active, which in turn will reduce the risk of chronic disease. It is
recommended that lifestyle forms of physical activity such as gardening, walking and
accessible and safe cycling paths be used by individuals to achieve health-related
and fitness goals (WHO, 2010). Motivating university students to be physically active
not only has a positive effect on their overall health (Tremblay et al., 2000; Biddle et
al., 2004; Strong et al., 2005; Taras, 2005; Dishman et al., 2006; Warburton et al.,
2006; Hillman et al., 2008; ACSM, 2010; Shephard et al., 2011; Smit et al., 2011;
Mujovi¢ & Cubrilo, 2012), but also shapes lifelong behaviour in terms of physical
activity (Lovell et al., 2010).

2.6. The components of physical fitness

2.6.1. Cardiovascular endurance

2.6.1.1. Whatis cardiovascular endurance?

One of the most important components of physical fithess is cardiovascular
endurance (Heyward, 2006), also referred to as cardio-respiratory endurance
(Plowman & Smith, 2014), aerobic power or endurance fitness (US Department of
Health and Human Services, 1996). Cardiovascular endurance is a physiological
aspect (Lindwall et al., 2012) that involves the ability to carry out dynamic exercise at
moderate intensity for prolonged periods at a time. It involves the large muscle
groups (Heyward, 2006; Plowman & Smith, 2014). Cardiovascular endurance is
largely influenced by age, sex, genetics (Lindwall et al., 2012; Huang et al., 2013),
medical status (US Department of Health and Human Services, 1996; Lindwall et al.,
2012) and physical activity (Thirlaway & Benton, 1992; Strong et al., 2005; Huang et
al., 2013). One should engage in aerobic type exercises (Tuckman & Hinkle, 1986)
such as walking, rowing, swimming and stair-climbing (Plowman & Smith, 2014) to
improve cardiovascular endurance. Cardiovascular fitness declines with inactivity
(Townsend et al., 2012).

Cardiovascular endurance increases cardiac dimensions. It increases the size of
blood vessels and blood volume. Cardiovascular endurance is associated with a
lower resting heart rate, which is indicative of a healthy heart (MacAuley, 2007,
Plowman & Smith, 2014). Cardiovascular endurance has been positively associated
with improvements in cognitive abilities (Etnier et al., 1997; Colcombe et al., 2003;
Colcombe & Kramer, 2003) and academic performance (McAuley et al., 1994; Dwyer
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et al.,, 2001; Castelli et al., 2007; Sigfusdottir et al., 2007; Eveland-Sayers et al.,
2009; Welk et al., 2010; Van Dusen et al., 2011). Studies have shown that when field
tests are used to assess cardiovascular fitness, the latter was strongly associated
with academic performance (Dwyer et al., 2001; Castelli et al., 2007; Eveland-Sayers
et al.,, 2009). Caottrell et al. (2007) found that children who had low aerobic fithess

levels also had lower academic scores than those with higher aerobic fitness scores.

2.6.1.2. How is cardiovascular endurance measured?

Cardiovascular endurance can be measured maximally or sub-maximally (Etnier et
al., 2006) using a variety of protocols (Fox et al., 1993; Heyward, 2006). Maximal
oxygen uptake, known as aerobic power or maximal oxygen uptake (VO, max) is the
best criterion of cardio-respiratory fithess and is measured during dynamic activity
using the large muscles. Examples include walking or cycling. Maximal tests are
relatively expensive, they require time and highly trained technicians, and tend to
place a burden on the participant and the examiner. Submaximal tests have
therefore been developed. When using sub-maximal protocols, oxygen uptake (VO5)
is predicted using the heart rate response to a determined workload (US Department
of Health and Human Services, 1996). When assessing cardiovascular endurance in
the laboratory, one can make use of the treadmill, the cycle ergometer or a step
bench (Heyward, 2006). Field tests are the preferred method for measuring
cardiovascular endurance in large groups as these tests are inexpensive, practical
and less time consuming. Examples of field tests include the 1,5 mile run/walk test
(Heyward, 2006; Plowman & Smith, 2014) and the 9 or 12 minute run test (Heyward,
2006). Both are valid tests for measuring cardiovascular endurance (Baechle &
Earle, 2008). Another valid measure is the progressive aerobic cardiovascular
endurance run. This is a 20 metre shuttle run that increases progressively in difficulty
level (Castelli et al., 2007). One can also make use of the one mile jogging test, the
12 minute cycling test, or step tests. The advantage of step tests is that highly
trained personnel are not required. Accurate measurements of pulse rate will

determine the validity of step tests (Heyward, 2006).

When examining the relationship between physical fitness and academic
achievement, studies have utilised various methods to assess cardiovascular fitness,

including the one mile run test (Dwyer et al., 2001; Eveland-Sayers et al., 2009; Welk
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et al.,, 2010; Du Toit et al., 2011; Van Dusen et al., 2011; Liao et al., 2013), the 20
mile shuttle run (Castelli et al., 2007; Welk et al., 2010; Van Dusen et al., 2011), and
the bicycle ergometer in which the workload increases by 50 watts for males and 40
watts for females (Thirlaway & Benton, 1992; Kwak et al., 2009). A study by Pastula
et al. (2012) assessed cardiovascular fitness through the Young Men’s Christian
Association (YMCA) step test. Smit et al. (2011) used the YMCA protocol while using
the PWCi7o bicycle test. Kim et al. (2003) used a 100 m and 600—1 000 m distance
run to measure cardiovascular fithess whereas Liao et al. (2013) made used the
1 600 m and 800 m run/walk test for men and women, respectively. Some studies
have shown that combining age, sex, BMI and a self-reported scale can be a good

indication of cardio-respiratory fitness (Jurca et al., 2005; Mailey et al., 2010).

2.6.2. Body composition

2.6.2.1. What is body composition?

Body composition is a vital component of an individual’s health profile and fitness
profile (Heyward, 2006). Body composition is the partitioning of body mass into fat
mass and fat-free mass (Heyward, 2006; Baechle & Earle, 2008; Plowman & Smith,
2014). In order to classify body type, one can utilise somatotyping. Sheldon
classified the human body into three categories, namely endomorphy, mesomorphy,
and ectomorphy. Each person contains all three components. Endomorphy refers to
the “fatness” component and is characterised by a round, soft body. Mesomorphy is
characterised by hard and prominent musculature. This body type is generally
square shaped with large bones and thick muscles. Ectomorphy, also known as the
‘lean” component, refers to lean, delicate body shapes. These body shapes are

characterised by small bones and thin muscles (Fox et al., 1993).

Aerobic exercise reduces body fat (Tuckman & Hinkle, 1986) and improves overall
body composition (Warburton et al., 2006). A study by Dwyer et al. (1983) showed
that participation in physical fithess programmes that emphasise endurance,
decreased the percentage of body fat. Body composition is also positively influenced
by muscle fithess (Plowman & Smith, 2014). An Australian study demonstrated that
increasing the physical activity levels of Grade 5 learners to 75 minutes per day

resulted in a decrease in skinfold measurements and an increase in cardiovascular
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endurance. They put the emphasis on increasing the learners’ heart rates
(Shephard, 1997).

Individuals who are overweight or underweight tend to become ill more often than
individuals of normal weight (Palmore, 1970). Maintaining a normal body
composition reduces the risk of developing NCD such as heart attack, stroke and
various cancers (Hajian-Tilaki & Heidari, 2006; Bradshaw et al., 2011). While endo-
mesomorphs have a higher risk of developing coronary artery disease (Fox et al.,
1993), maintaining a normal body composition reduces the risk of morbidity and

mortality (Stevens et al., 2002).

2.6.2.2. How is body composition measured?

Various methods can be used to determine an individual’s body composition.
Magnetic resonance imaging, total body electrical conduction and computed
tomography are expensive methods that can be used for this purpose. Hydrostatic
weighing, bioelectrical impedance analysis and anthropometric skinfold
measurements are popular, reliable and accessible methods (Fox et al., 1993;
Heyward, 2006; MacAuley, 2007; Baechle & Earle, 2008; Plowman & Smith, 2014).
When measuring body composition by means of bioelectrical impedance analysis,
one places an electrode on the right wrist and the right ankle. A portable device is
used to measure the body’s electrical resistance to a current passing through the
body. Hydrostatic weighing provides an accurate measurement of body composition
(Fox et al., 1993; Heyward, 2006; MacAuley, 2007; Mujovié¢ & Cubrilo, 2012). It is
based on the Archimedes principle that states that when an object is immersed in
water, it is buoyed by a “force” that equals the amount of water displaced (Fox et al.,
1993; Plowman & Smith, 2014). Skinfold measurements are also an accurate
measure of body fat (MacAuley, 2007; Baechle & Earle, 2008; Mujovi¢ & Cubrilo,
2012) and are the most widely used method for measuring body composition (Fox et
al., 1993). Anthropometric measurements are widely used as they are practical,
reasonably accurate, and require minimal equipment (Heyward, 2006; Plowman &
Smith, 2014). The validity of anthropometric measurements is affected by the
technician’s skill, client factors and the equipment (Heyward, 2006). Skinfold
measurements measure the thickness of subcutaneous adipose tissue indirectly

(Heyward, 2006). When using the anthropometric method, measurements of stature,
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body weight, skinfold (bicep, tricep, subscapular, supra-iliac, and the medial part of
the mid-calf), two circumference measurements (flexed upper arm and the calf), and
two bone width measurements (humerus and the femur) are used (Fox et al., 1993;
Heyward, 2006; Plowman & Smith, 2014).

According to Sheldon’s somatotype method, one would be required to take a
photograph of the individual standing in all three planes. A number of measurements
would be taken from the three photographs and the somatotype would be
determined in accordance with tables developed by Sheldon. The degree of each
component is represented by a number from 1 to 7 with 1 representing the smallest
amount of the component and 7 the greatest amount of the component. For
example, a somatotype of 7-1-1 indicates extreme endomorphy whereas a
somatotype of 1-1-7 represents extreme ectomorphy. Extreme mesomorphy would
be represented as 1-7-1 (Fox et al., 1993).

When assessing the relationship between physical fithess and academic
performance many studies used skinfold measurements to assess body composition
(Thirlaway & Benton, 1992; Dwyer et al.,, 2001; Kwak et al., 2009; Du Toit et al.,
2011) while others used only BMI (Tremblay et al., 2000; Kim et al., 2003; Coe et al.,
2006; Castelli et al., 2007; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Ruiz et
al., 2010; Welk et al., 2010). To calculate BMI, weight (in kilograms) is divided by
height squared (in metres) (Palmore, 1970; US Department of Health and Human
Services, 1996; Mokdad et al., 2004; Heyward, 2006; MacAuley, 2007; Bradshaw et
al., 2011; Plowman & Smith, 2014).

2.6.3. Muscle strength

2.6.3.1. What is muscle strength?

Muscle strength refers to the force or tension that a muscle, or a muscle group, is
able to exert in one maximal contraction against a resistance (Fox et al., 1993;
Heyward, 2006; Baechle & Earle, 2008; Plowman & Smith, 2014). Isometric,
isotonic, eccentric and isokinetic contractions are the four basic types of muscle
contraction (Fox et al., 1993; US Department of Health and Human Services, 1996;
Heyward, 2006; Plowman & Smith, 2014). Isometric contraction, also referred to as

static contraction, occurs when the muscle develops tension but there is no change

50



in muscle length (Fox et al., 1993; US Department of Health and Human Services,
1996; Heyward, 2006; Plowman & Smith, 2014). The muscle pulls against external
resistance that is greater than the internal force generated by the muscle (Fox et al.,
1993; Heyward, 2006; Plowman & Smith, 2014). Isotonic contraction, also known as
dynamic or concentric contraction, refers to a muscle shortening while lifting a fixed
load. The speed of movement may be relatively slow and not controlled. Eccentric
contraction is defined as a muscle lengthening during a contraction. Isokinetic
contraction refers to the maximal tension developed by a muscle, at all joint angles,
over the full range of motion as it shortens at a constant speed (Fox et al., 1993;
Heyward, 2006; Plowman & Smith, 2014). Physical activity (Strong et al., 2005;
Mujovi¢ & Cubrilo, 2012), specifically resistance training (Plowman & Smith, 2014)

increases muscle strength.

Muscle strength is associated with an improvement in overall health, and a reduction
in disability and mortality (Plowman & Smith, 2014). When assessing the link
between muscle strength and academic performance, Castelli et al. (2007) observed
no link whereas Dwyer et al. (2001) and Van Dusen et al. (2011) reported a positive
association between the two. Du Toit et al. (2011) noticed a positive association

between specific strength test measures and academic achievement.

2.6.3.2. How is muscle strength measured?

Muscle strength can be measured during a static or a dynamic muscle contraction
(US Department of Health and Human Services, 1996; MacAuley, 2007). The one
repetition maximum bench press and the one repetition maximum back squat are
commonly used to measure muscle strength (Baechle & Earle, 2008). Isometric
dynanometers can also be used to measure muscle strength (Heyward, 2006). The
advantage of isometric tests is that they are inexpensive and easily standardised
(MacAuley, 2007). When assessing the relationship between physical fitness and
academic performance, studies have utilised the following protocols when measuring
muscle strength: the trunk lift test (Grissom, 2005; Van Dusen et al., 2011), the hand
grip dynamometry when measuring hand grip strength, the push-pull dynamometer
when measuring shoulder flexion and extension, and the back and leg dynamometer
when measuring leg force (Dwyer et al.,, 2001). Du Toit et al. (2011) utilised five

strength tests, namely the standing long-jump test, bent leg sit-ups, knee push-ups,
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aeroplane lying, and wall sitting tests. Liao et al. (2013) utilised the long-jump test to

assess muscle strength.

2.6.4. Muscle endurance

2.6.4.1. What is muscle endurance?

Muscle endurance is defined as the ability of the muscle or muscle group to perform
repeated contractions against a light load for an extended period of time. Local
muscle endurance refers to the ability of a muscle group to execute repeated
isotonic, isokinetic or eccentric contractions against a load, or to sustain an isometric
contraction for an extended period of time. Muscles with a low endurance capacity
fatigue quicker than muscles with a high endurance capacity (Fox et al., 1993;
Heyward, 2006; Baechle & Earle, 2008).

Muscle endurance is improved through physical activity (Strong et al., 2005; Mujovi¢
& Cubrilo, 2012) and is positively associated with mobility, bone health and
functional independence (Warburton et al., 2006). Higher levels of muscle fithness
reduce the risk of lower back pain (Heyward, 2006; Plowman & Smith, 2014),
musculoskeletal injuries and osteoporotic fractures (Heyward, 2006). It decreases
the risk of falls, illness (Warburton et al., 2006), chronic disease (Plowman & Smith,
2014) and premature death (Warburton et al., 2006; Plowman & Smith, 2014).
Muscle fitness has a positive effect on metabolic health and cardiovascular risk
factors (Plowman & Smith, 2014), and improves psychological well-being and overall
quality of life (Warburton et al.,, 2006). Although some studies have reported a
positive association between academic test scores and muscle fithess (Dwyer et al.,
2001; Eveland-Sayers et al.,, 2009), Castelli et al. (2007) observed no such

association.

2.6.4.2. How is muscle endurance measured?

Performing the maximal number of repetitions of parallel bar dips, push-ups or chin
ups are examples of testing local muscle endurance (Baechle & Earle, 2008). The
sit-up test (US Department of Health and Human Services, 1996; Plowman & Smith,
2014), curl-up test (Heyward, 2006; Baechle & Earle, 2008; Plowman & Smith,
2014), and YMCA bench press test are commonly used to measure muscle

endurance (Heyward, 2006; Baechle & Earle, 2008). When comparing academic
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success with physical fitness the curl-up test has been a reliable measure for muscle
endurance (Grissom, 2005; Castelli et al., 2007; Chomitz et al.,, 2009; Eveland-
Sayers et al., 2009; Van Dusen et al., 2011; Liao et al., 2013). Eveland-Sayers et al.
(2009) utilised push-ups and curl-ups to assess muscle endurance and Dwyer et al.
(2001) utilised the sit-up test.

2.6.5. Flexibility

2.6.5.1. What is flexibility?

Flexibility is an important component of muscle performance (Fox et al., 1993) and
refers to the range of movement of a joint or the range of movement of a group of
joints (Heyward, 2006; MacAuley, 2007; Baechle & Earle, 2008; Plowman & Smith,
2014). Age, gender, body type and physical activity levels are factors that may
influence flexibility (Heyward, 2006). Flexibility is specific to each joint, which implies
that being flexible in one joint does not indicate high flexibility in another joint
(Arnheim & Prentice, 1993; Fox et al., 1993; US Department of Health and Human
Services, 1996; Baechle & Earle, 2008).

Flexibility is divided into static and dynamic flexibility (Fox et al., 1993; Heyward,
2006; Baechle & Earle, 2008; Plowman & Smith, 2014). Static flexibility is defined as
the range of motion around a joint whereas dynamic flexibility refers to the resistance
of a joint to movement (Fox et al., 1993; Heyward, 2006; Baechle & Earle, 2008).
When a joint moves beyond its normal range of motion it is referred to as
hyperflexibility. Hyperflexibility should be avoided as it increases the chance of
dislocations and subluxations (Arnheim & Prentice, 1993; Baechle & Earle, 2008).

Resistance to stretch is known as stiffness (Plowman & Smith, 2014).

Flexibility is necessary for correct posture and muscle relaxation and in daily living
(Plowman & Smith, 2014). It plays an important role when performing certain skills
(Fox et al., 1993; Heyward, 2006; Baechle & Earle, 2008). Being flexible allows the
body to move more freely and easily, and reduces the risk of injury (Baechle & Earle,
2008). Research has indicated that flexibility exercises lead to a wide range of
chemical and neural adaptations in the brain. This increases people’s ability to think
critically (Kramer et al., 2006). Castelli et al. (2007) noted that no association was
seen between flexibility and academic scores. Van Dusen et al. (2011) and Liao et
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al. (2013) reported a positive association between physical fithess and academic

scores.

Flexibility can be improved through physical activity (Mujovié & Cubrilo, 2012) and
daily stretching (Arnheim & Prentice, 1993; Fox et al., 1993; Heyward, 2006).
Limitations to flexibility include the size and the strength of muscles, connective
tissue and the ligaments (Heyward, 2006). Bone, muscle, ligaments, tendons and
skin are structural limitations to flexibility (Fox et al., 1993; Heyward, 2006; Baechle
& Earle, 2008). The assumption is that if someone develops bulk through strength
training it will affect their flexibility negatively. It is thought that bulky people lose their
ability to move freely owing to the size of their muscles. If trained properly, strength
training should not impair flexibility (Arnheim & Prentice, 1993).

2.6.5.2. How is flexibility measured?

Flexibility can be measured using laboratory tests as well as field tests (Heyward,
2006; Plowman & Smith, 2014). The most popular field tests used to measure
flexibility is the sit-and-reach test (Plowman & Smith, 2014). It involves an indirect,
linear measurement of range of motion (Heyward, 2006) measuring lower back and
hamstring flexibility (US Department of Health and Human Services, 1996; Baechle
& Earle, 2008; Plowman & Smith, 2014). Studies have shown that the sit-and-reach
test is a valid measure of hamstring flexibility (Plowman & Smith, 2014). A
flexometer, goniometer and an inclinometer can also be used to measure flexibility
(Heyward, 2006). When comparing the relationship between physical fithess and
academic performance many studies used the sit-and-reach test to measure
flexibility (Castelli et al., 2007; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Du
Toit et al., 2011; Van Dusen et al., 2011; Liao et al., 2013).

2.7. The relationship between physical fitness and academic
performance

The relationship between physical fithess and mental fithess dates back several

decades (Colcombe & Kramer, 2003). Owing to the pressure on students to perform

academically (Coe et al., 2006), coupled with the increase in obesity, the public have

focused their attention on physical activity and diet in the academic environment

(Chomitz et al., 2009; Rodenroth, 2010). A body of literature researched the effects
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of physical activity and physical fithess on academic performance (Dwyer et al.,
1983; Keays & Allison, 1995; Shephard, 1997; Sallis et al., 1999; Tremblay et al.,
2000; Dwyer et al., 2001; Kim et al., 2003; Grissom, 2005; Coe et al., 2006; Nelson
& Gordon-Larsen, 2006; Burton & Van Heest, 2007; Castelli et al., 2007; Sigfusdottir
et al.,, 2007; Tomporowski et al., 2008; Trudeau & Shephard, 2008; Chomitz et al.,
2009; Eveland-Sayers et al., 2009; Keeley & Fox, 2009; Kwak et al., 2009; Welk et
al., 2010; Zoeller, 2010; Du Toit et al., 2011; Shephard et al., 2011; Van Dusen et al.,
2011; Al-Nader et al., 2013; Liao et al., 2013). The majority of studies indicated a
positive relationship between levels of physical activity, physical fithess and
academic achievement (Keays & Allison, 1995; Shephard, 1997; Dwyer et al., 2001;
Grissom, 2005; Coe et al., 2006; Nelson & Gordon-Larsen, 2006; Burton & Van
Heest, 2007; Castelli et al., 2007; Sigfusdottir et al., 2007; Trudeau & Shephard,
2008; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Keeley & Fox, 2009; Kwak
et al., 2009; Welk et al., 2010; Zoeller, 2010; Du Toit et al., 2011; Shephard et al.,
2011; Van Dusen et al., 2011; Al-Nader et al., 2013; Liao et al., 2013).

Quasi-experimental studies (Trudeau & Shephard, 2008) and cross-sectional studies
indicated a positive association between physical fithess and academic achievement
(Shephard, 1997; Tremblay et al.,, 2000; Dwyer et al.,, 2001). In fact, replacing
instructional class time with physical activity has been shown not to impair academic
performance (Dwyer et al., 1983; Shephard, 1983; Shephard, 1997; Sallis et al.,
1999; Grissom, 2005; Coe et al., 2006; Ahamed et al., 2007; Trudeau & Shephard,
2008; Keeley & Fox, 2009; Trost & van der Mars, 2010). Evidence indicates that
students receiving additional physical education perform as well or even better than
students who do not receive extra physical education (Shephard, 1997; Almond &
McGeorge, 1998). Allocating 14—-26% of physical activity to the curriculum seems to
speed up the rate of learning per unit of classroom time (Shephard, 1997). A study
by Coe et al. (2006) reported that students who spent 55 minutes less in the
classroom and participated in physical education instead did not perform worse
academically. They performed equally well in science, English, and mathematics
compared to the group who were allocated 55 minutes of arts and computer science

per day.
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Shephard (1997) and Tremblay et al. (2000) discussed the findings from two
longitudinal studies conducted in France and Canada. The study in France took
place in the 1950s and utilised an intervention. Students in the experimental group
participated in physical activity every afternoon and received vitamin supplements.
The time they devoted to academic instruction was reduced by 26%, but their school
day was lengthened so that they were able to participate in physical activity. The
study concluded that academic achievement was not negatively influenced by
replacing instructional class time with physical activity. Teachers from the
experimental school indicated that the learners in their school showed less disruptive
behaviour, better attendance, and appeared calmer and more attentive during class.
Vitamin supplements and daily naps were included in the programme, confounding
the effect of the physical education intervention. The quasi-experimental Canadian
study was conducted between 1970 and 1977 in the Trois Rivieres region. It came to
the conclusion that replacing educational class time with physical education did not
have a negative influence on students’ academic achievement. The experimental
group consisted of 546 children who had a 14% reduction in academic instructional
time, and one hour extra of physical activity. Initially the control group performed
better academically, but over the six year period the experimental group
outperformed the control group in grades 2, 3, 5 and 6. Children who received
physical education scored higher in mathematics despite the fact that 33 minutes of
mathematics instruction time had been taken away. The improvements were higher
for girls than for boys. Overall results indicated that there were improvements in
fithness scores, psychomotor abilities and academic scores (Shephard, 1983;
Shephard, 1997).

Liao et al. (2013) examined the relationship between physical fithess and academic
performance across a three year spectrum, and concluded that overall physical
fitness was related to scores in the Taiwan university entrance exam. Coe et al.
(2006) indicated that level of physical activity is important when examining the
relationship between physical fithess and academic performance. It was shown that
physical activity performed vigorously had a positive effect on academic
achievement. Kwak et al. (2009) reported that the only intensity level significantly
associated with academic achievement in girls was a vigorous level of physical

activity. These results correlated with the findings of Coe et al. (2006) which
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suggested that a physical activity intensity “threshold” is needed to positively
influence academic performance. Taras (2005) reviewed 14 studies and noticed that
there was only a weak but significant association between physical activity and
academic performance, and in some instances no correlation was observed. Yu et
al. (2006) observed no association between physical activity and academic

achievement in an analysis of Hong Kong pre-adolescent boys.

It is difficult however to draw conclusions as to whether or not fithess has a positive
effect on academic performance, because many studies lacks control for
confounding variables. Past research often failed to adequately control for
confounding factors such as mental health status (Eveland-Sayers et al., 2009) and
SES (Coe et al., 2006; Eveland-Sayers et al., 2009; Welk et al., 2010), and have
been limited by the use of non-standardised academic tests and fitness tests (Welk
et al., 2010). Another limitation in many studies is that they rely on self-reported data
of physical activity and academic performance. This complicates matters when

drawing an overall conclusion (Sigfusdottir et al., 2007).

Many studies have shown that there is a stronger association between fitness and
academic performance in girls than in boys (Grissom, 2005; Carlson et al., 2008;
Eveland-Sayers et al., 2009; Kwak et al., 2009; Welk et al., 2010; Du Toit et al.,
2011; Van Dusen et al.,, 2011). No research has shown a stronger relationship
between physical fithess and academic performance in boys than in girls. Girls have
been shown to have lower self-esteem than boys during childhood and adolescence.
It is perhaps for this reason that participation in sport may play a more significant role
in girls than in boys (Quatman & Watson, 2001; Eveland-Sayers et al., 2009; Welk et
al., 2010). A study by Fountaine et al. (2011) indicated that male students spend
more time watching television than female students who spend more time doing
homework. This could be an additional reason for the stronger association in girls

than in boys.

2.7.1. Physiological mechanisms for explaining the positive association
between physical fithess and academic performance
In addition to psychological mechanisms, there are physiological mechanisms that

can explain the positive association between physical fithess, cognitive functioning
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and academic performance (Kwak et al., 2009). Physiological mechanisms refer to
the stimulation of brain growth factors through physical activity (Dishman et al.,
2006). This includes an increase in BDNF (Neeper et al., 1996; Cotman & Berchtold,
2002), an increase in nerve growth factor (Neeper et al., 1996) and an increase in
blood flow to the brain cortex (Herholz et al., 1987; Shephard, 1997; Cotman &
Berchtold, 2002; Barnes et al., 2003; Taras, 2005; Lambourne, 2006; Hall, 2007;
Pereira et al.,, 2007; Hillman et al., 2008; Trudeau & Shephard, 2008; Eveland-
Sayers et al., 2009; Du Toit et al., 2011). An increase in cerebral blood flow leads to
an increase in nutrients, such as glucose and oxygen, used by the brain for energy
(Hall, 2007). This helps with cognitive reasoning and functioning (Woodward, 2009).
Research shows that a reduction in cerebral blood flow leads to a reduction in

cognitive function (Barnes et al., 2003).

The increase in the levels of brain growth factors leads to an improvement of
neurogenesis in the dentate gyrus of the hippocampus (Neeper et al.,, 1996; Van
Praag et al.,, 1999; Cotman & Berchtold, 2002; Kramer et al., 2006) and
angiogenesis (Churchill et al., 2002; Cotman & Berchtold, 2002; Kramer et al., 2006).
Neurogenesis refers to the growth of new nerve cells in the nervous system (Keeley
& Fox, 2009) whereas angiogenesis refers to the growth of new capillaries from pre-
existing blood vessels (Churchill et al., 2002).

BDNF is part of the neurotrophin family (Wang et al., 1995; Neeper et al., 1996;
Siuciak et al., 1996; Shirayama et al., 2002; Huang et al., 2013) and an arbitrator of
eating behaviour, metabolic efficiency, learning and memory (Vaynman & Gomez-
Pinilla, 2006). BDNF is an important mediator of the benefits of physical activity for
brain health (Cotman & Berchtold, 2002; Huang et al., 2013). It enhances cognition
by promoting the ability of neurons to interact with each other (Jensen, 1998; Hall,
2007). Having a greater number of neurons enables an individual to retrieve,
understand and remember information at a faster rate (Hall, 2007). When BDNF
action is blocked in the hippocampus, cognitive functioning is inhibited and learning
and memory are impaired (Vaynman & Gomez-Pinilla, 2006). Exercise increases
serum BDNF levels (Cotman & Berchtold, 2002; Winter et al., 2007; Lou et al., 2008;
Huang et al., 2013), epinephrine, dopamine and serotonin (Winter et al., 2007,

Cotman & Berchtold, 2002), allowing the brain to be more adaptive to change
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(Colcombe et al., 2003). This results in improved cognitive performance (Winter et
al., 2007; Huang et al., 2013) and successful learning (Winter et al., 2007). BDNF
also induces neurogenesis in certain areas of the brain during exercise (Russo-
Neustadt et al., 2000). Exercise increases mitochondrial uncoupling protein 2 levels
in the hippocampus. Mitochondrial uncoupling protein 2 is an energy balancing factor
involved in adenosine triphosphate production. It helps to maintain calcium
homeostasis (Vaynman & Gomez-Pinilla, 2006), and regulates BDNF production
(Dishman et al., 2006).

Aerobic exercise leads to arousal of the sympathetic nervous system, cortical
stimulation and metabolic adaptations, which can explain the positive association
between physical activity and cognitive functioning (Davis et al., 2007). Physical
activity stimulates neural development (Jensen, 1998; Studenski et al., 2006), it
leads to a higher capillary volume (Kramer et al., 2002; Studenski et al., 2006), as
well as increased density of neuronal synapses (Black et al., 1987; Trudeau &
Shephard, 2008; Chomitz et al., 2009). Evidence indicates that brain tissue volume
is increased through physical activity, especially when there is an improvement in
cardio-respiratory fitness (Cotman & Berchtold, 2002; Colcombe et al., 2006; Kramer
et al., 2006). Mortmer et al. (2012) concluded that T’ai Chi (a type of moving
meditation) increases brain volume and leads to improvements in

neuropsychological measurements.

Huang et al. (2013) reviewed 32 articles and summarised the effects of physical
activity on peripheral BDNF. Experimental studies showed that both acute and
sustained aerobic type exercise increased peripheral BDNF levels. An experimental
study observed that serum BDNF concentrations increased significantly in healthy
male athletes after completing a ramp test to exhaustion, but it failed to change
significantly after a ten minute moderate intensity warm-up (Rojas Vega et al., 2006).
Erickson et al. (2011) reported that a year of aerobic exercise increased serum
BDNF levels and spatial memory in the elderly. The majority of the reviewed studies
showed that peripheral BDNF was not influenced by resistance training (Huang et
al., 2013). Yarrow et al. (2010) however, reported that a single bout of resistance

training led to a change in serum BDNF levels. Coelho et al. (2012) indicated that
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three months of strength training significantly increased plasma BDNF levels in

elderly women.

Studies of animals have demonstrated that physical and mental exercise affects the
brain in a variety of important ways (Kramer et al., 2006). Exercise activates cellular
and the molecular cascades responsible for maintaining brain plasticity (Cotman &
Berchtold, 2002; Dishman et al., 2006; Huang et al., 2013). Brain plasticity is
generally associated with better cognitive functioning (Cotman & Berchtold, 2002).
Exercise promotes brain vascularisation (Black et al., 1990; Cotman & Berchtold,
2002) and enhances learning (Shephard, 1997; Jensen, 1998; Van Praag et al.,
1999; Dwyer et al., 2001; Chomitz et al., 2009). Studies on animals showed that rats
that had been raised in environments that allowed them to play, developed a higher
capillary volume per nerve cell and performed better than those that had been raised
in less enriched environments. They also developed a higher density of synapses
(Kempermann et al., 1997; Jensen, 1998) and a larger number of dendritic spines
(Greenough & Black, 1992). The amount of surviving new-born cells found in the
dentate gyrus doubled when exposed to enriched environments and voluntary
physical activity. This could be owing to the fact that exercise increases serotonin
(Cotman & Berchtold, 2002; Winter et al., 2007), which influences adult
neurogenesis (Churchill et al., 2002). Van Praag et al. (1999) and Van Praag (2008)
found that mice that had unrestricted access to a running wheel showed an increase
in cell proliferation. Kramer et al. (2006) found that wheel running in rodents
increases performance in spatial learning tasks. Radak et al. (2001) examined the
effect of regular swimming on rats and found that regular physical activity improved
cognition and altered the accumulation of brain oxidative stress markers. There was
a decrease in the accumulation of reactive carbonyl derivatives, which may explain

the improvement in learning and memory.

2.8. Summary

While many studies have examined the association between physical fithess and
academic performance in children and adolescents, this researcher could not locate
any studies that examined the association between physical fithness and academic
performance in university students. If this study demonstrates a significant positive

correlation between fitness and academic performance, it is recommended that
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universities find ways to motivate students to become physically active. University
students are more likely to be associated with negative health behaviours (Leslie et
al., 2001; Ferrara, 2009; Wengreen & Moncur, 2009; Amponsah & Owolabi, 2011,
Fountaine et al., 2011; Varela-Mato et al., 2012), such as a negative change in their
eating habits, an increase in alcohol intake (Ferrara, 2009; Varela-Mato et al., 2012),
and a decrease in physical activity (Ferrara, 2009; Wengreen & Moncur, 2009;
Varela-Mato et al., 2012), all of which can have a negative impact on their academic
performance. Their risk of cancer increases owing to the change in health
behaviours (Baranowski et al., 1997). A study indicated that conducting a pedometer
intervention in the university setting is feasible. Walking 10 000 steps a day in an
unsupervised walking programme showed a significant increase in physical activity
in sedentary students. It was suggested that a pedometer intervention could be
suitable early in their university careers (Tully & Cupples, 2011). Walking with fellow
students during lunch is one strategy to make exercise adherence part of one’s daily
routine (Buckworth, 2001).
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The methods and procedures followed in this study will be discussed below.

3.1. Research approach and study design

In a descriptive correlational study design, the researcher strives to determine and
describe the association that exists between variables (Thomas et al., 2011). This
research is referred to as a descriptive correlational study because the researcher
examined the relationship between certain traits, such as cardiovascular endurance,
muscle endurance, muscle strength, flexibility, body composition and health status,
on academic performance. A correlational study design is descriptive. One cannot
presume there will be a cause-and-effect relationship (Thomas & Nelson, 2001;
Thomas et al.,, 2011). Correlational research involves no administration of
experimental treatments and no manipulation of variables (Thomas et al., 2011). By
the end of the study, the researcher was able to determine whether an association

exists between two or more traits (Thomas & Nelson, 2001; Thomas et al., 2011).

3.2. Research procedure and strategy

The research procedure and strategy followed in this study are outlined in

chronological order below:

o The proposal and testing procedures for the study were finalised.

o Approval was obtained from the University of Pretoria’'s Humanities
Postgraduate Committee.

. Approval was obtained from the Faculty of Humanities’ Ethics Committee at
the University of Pretoria to conduct the study.

o Permission was obtained to use the testing facilities at the L.C. de Villiers
Sports Grounds.

o Participants were recruited by word of mouth.

o Each participant signed an informed consent (Appendix A), indemnity

(Appendix B) and Par-Q form (Appendix C) before participating in the study.
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. Each participant completed a Belloc and Breslow Lifestyle Questionnaire
(Appendix D) (detail given in Section 3.8).

o Participants were tested on three separate occasions through the year
(detail given in Section 3.8). The first test took place at the end of January
2014, the second test took place at the end of May 2014, and the third test at
the end of October 2014. The following components of physical fithess were
measured:
»  body composition;
»  muscle strength;
»  flexibility;
»  cardiovascular endurance; and
»  muscle endurance.

o On completion of the last test in October, participants were given feedback

on their health status (Appendix E).

o The researcher used the students’ university academic average in analysing
the data.

o The AP score was obtained from their matric certificates.

3.3. Ethical approval and considerations

Prior to testing, the research protocol was submitted and approved by the Post-
Graduate Research Committee and the Ethics Committee of the Faculty of
Humanities at the University of Pretoria (reference no. 01295004). Participants were
only included in the study once they had given written, informed consent (Appendix
A). The researcher explained the exact nature of the study to the participants before
testing. For identification purposes each participant's name was used (Sperry et al.,
1991). Data will be stored for 15 years in the Department of Sport and Leisure
Studies.

3.4. Setting
Testing took place in a controlled environment in laboratories at the Institute for
Sports Research. Two researchers who are qualified biokineticists were present to

carry out the tests.
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3.5. Participant selection and sample size
A group of 99 university students from the faculties of Humanities were included in

the study. The following inclusion and exclusion criteria were followed:

> Inclusion criteria:

o Both males and females

o First year Baccalaureus Artium (Human Movement Science) (BA
(HMS)) students or first year Baccalaureus Artium (Sport Science) (B
(SportSci)) students

> Exclusion criteria:

. Students with mental illness

o Students with physical disabilities

3.6. Pre-test screening

Each participant was thoroughly informed about the purpose, procedures, benefits
and risks associated with the study. Participants were given the opportunity to ask
guestions which were answered by the researcher. Prior to testing, participants
completed and signed an informed consent form (Appendix A), indemnity form
(Appendix B) and a Par-Q form (Appendix C). All the abovementioned forms were

also signed by the study participant, researcher and a witness.

3.7. Test session

Figure 3.1 illustrates the flow of testing and data captured. After completing the
informed consent form, indemnity form and Par-Q form, each participant filled in a
Belloc and Breslow Lifestyle Questionnaire (Appendix D). This was used to
determine the health status of the participant. Each participant indicated their
mother’s highest level of education. This was used as an indicator of the participant’s
SES (Kim et al., 2003; Chomitz et al., 2009; Kwak et al., 2009). Each participant was
tested by the same tester to improve the internal validity of results. Participants were
instructed not to exercise on the day of testing and refrain from consuming alcohol or

coffee, smoking and eating three hours prior to testing (Tachmes et al., 1978, Khan
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et al., 2011). The procedures and measurements are discussed in detail in Section

3.8.
INFORMED INDEMNITY
CONSENT FORM FORM

(Appendix A) (Appendix B)

BODY FLEXIBILITY
COMPOSITION
Heath and Modified sit-and-
Carter reach test
somatotype

method

FORMS &

QUESTIONNAIRES

COMPLETED:
JANUARY
MAY
OCTOBER
2014

PAR-Q FORM
(Appendix C)

|

TESTS
COMPLETED:
JANUARY
MAY
OCTOBER
2014

MUSCLE
STRENGTH

Hand grip
strength test

|

BELLOC &
BRESLOW
LIFESTYLE
QUESTIONNAIRE
(Appendix D)

CARDIO-
VASCULAR
ENDURANCE

Harvard step test

PARTICIPANT’S
SES WAS
REPRESENTED
BY THEIR
MOTHER’S
EDUCATIONAL
LEVEL

MUSCLE
STRENGTH

One minute sit-
up test
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ACADEMIC PERFORMANCE MONITORED

Cumulative academic average (2014) & AP score

Figure 3.1: Data captured during test sessions

3.8. Procedures
3.8.1. Belloc and Breslow Lifestyle Questionnaire
Participants completed the Belloc and Breslow Lifestyle Questionnaire (Appendix D).
Belloc and Breslow (1972) identified the following seven aspects that contribute to a
healthy lifestyle, namely:
> Three meals per day with no eating in-between. In-between eating adds
more food to be digested by the body in a 24 hour cycle. This makes it more
difficult for the body to break down all the food consumed.
> Eating breakfast. Breakfast starts the metabolism and is considered the most
important meal of the day. The later the metabolism starts, the less food will
be digested and broken down in the body.
> Participation in moderate activity two to three times per week. Participating in
moderate activity helps keep the heart strong and keeps it working at a
regular pace.
> No smoking. Cigarettes contain tar, which has been associated with an
increased risk of developing disease, including certain types of cancers.
> Little/no alcohol intake. Alcohol is a carbohydrate that inhibits the breakdown
of fat in the body. This in turn can increase the fat stored and accumulated in
the body.
> Enough sleep (seven to eight hours). Getting enough sleep helps the body to
recharge.
> Maintaining a healthy weight. By maintaining a healthy weight the individual
avoids becoming overweight or obese — both conditions associated with
various diseases.
The lifestyle habits above are rated according to the number of habits the individual

adheres to:
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. Three or fewer than three lifestyle habits = poor health lifestyle;
o Four to five lifestyle habits = moderately healthy lifestyle; and

o Six to seven lifestyle habits = healthy lifestyle.

The lifestyle questionnaire included the level of education achieved by the student’s

mother as an indicator of SES.

3.8.2. Anthropometric measurements

Procedures for the following anthropometric sites were measured by a trained
researcher, as prescribed by the International Society for the Advancement of
Kinanthropometry. The procedures for the measurements are taken from the
textbook, International standard for anthropometric assessment (Marfell-Jones et al.,
2006). The following anthropometric measurements were conducted and are
explained in detail under section 3.8.2.1. to 3.8.2.5.:

. Standing height (cm);

. Body mass (kg);

. Tricep skinfold (mm);

. Subscapular skinfold (mm);

. Bicep skinfold (mm);

. Supra-iliac skinfold (mm);

. Medial calf skinfold (mm);

. Calf circumference (cm);

. Contracted arm circumference (cm);
. Waist circumference (cm);

. Hip circumference (cm);

. Humerus diameter (mm); and
. Femur diameter (mm).

Body composition was assessed using the Heath and Carter somatotype method
(Kriger & Van Vuuren, 1998). The Harpenden skinfold calliper was used to take
skinfold measurements (Marfell-Jones et al., 2006). Measurements were taken on
the right side of the body (Marfell-Jones et al., 2006, ACSM, 2010). To ensure

maximum reliability and validity skinfold measurements were taken on dry skin. The
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thumb and index finger of the left hand grasped the skin firmly, forming a fold of skin
and subcutaneous fat (Marfell-Jones et al., 2006, Baechle & Earle, 2008). Two
measurements were taken at each site and were re-tested if not within 1 to 2 mm of
each other (Heyward, 2006, Marfell-Jones et al., 2006). The following skinfold sites
were measured using a skinfold calliper: triceps, subscapular, biceps, supra-iliac,
and medial calf (Eston & Reilly, 1996, Marfell-Jones et al., 2006). Calf, tensed arm,
waist and hip circumference measurements were taken by means of an inelastic and
flexible tape measure (ACSM, 2010) with the subject standing in a relaxed
anatomical position (Baechle & Earle, 2008). The subcutaneous adipose tissue was
not compressed. If two duplicate measurements were not within 5 mm of each other,
a third measurement was taken (ACSM, 2010). The bi-epicondylar humerus and bi-
epicondylar femur were measured using a small spreading calliper (Marfell-Jones et
al., 2006).

3.8.2.1. Standing height
Equipment: Stadiometer

Figure 3.2: Standing height measured with a stadiometer

Procedure: Standing height refers to the distance between the feet and the vertex
(Marfell-Jones et al., 2006). The participant wore light-weight clothing and no shoes
while the measurement was taken (Baechle & Earle, 2008; Mendonca et al., 2011).
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The participant stood with his/her heels, buttocks and upper back touching the
stadiometer. The heels were together, and the head was in the Frankfurt plane
(orbital and the tragion in the same horizontal plane). When the participant was
instructed to inhale, the recorder lowered the head board firmly on the vertex. The
measurement was recorded before the subject exhaled (Marfell-Jones et al., 2006).
Standing height was measured to the nearest 0,1 cm with a stadiometer (Leicester

Height Measure, Seca, Birmingham, UK) (see Figure 3.2).

3.8.2.2. Body mass
Equipment: Seca electronic scale

Figure 3.3: Measuring body mass on the electronic scale

Procedure: Body mass was measured using an electronic scale (Seca 703 electronic
scale, Delta Surgical South Africa (Pty) Ltd). The participant wore light-weight
clothing and no shoes (Baechle & Earle, 2008; Mendonca et al., 2011). The
participant stood on the centre of the scale with his/her feet distributed evenly
(Marfell-Jones et al., 2006). Mass was measured to the nearest 0,1 kg (see Figure
3.3).

69



i. Fat percentage classification

According to Acevedo and Starks (2003) and Hoffman (2006), fat percentage was

rated as given in Table 3.1.

Table 3.1: Fat percentage norms

Percentile Rating Males Females

90 Excellent 7,1 14,5
80 9,4 17,1
70 Good 11,8 19

60 14,1 20,6
50 Average 15,9 221
40 17,4 23,7
30 Poor 19,5 25,4
20 22,4 27,7
10 Extremely bad 25,9 32,1

(Acevedo & Starks, 2003; Hoffman, 2006)

ii. Body mass index (BMI)

BMI indicates whether a person is underweight, of a healthy weight, overweight or

obese. It is a measure of a person’s body surface area (ACSM, 2006) and is

calculated as mass in kilograms (kg) divided by height in metres (m) squared
(Mendonca et al., 2011).

BMI =

Classification of BMI

mass(kg)

(height(m))*

According to the American College of Sports Medicine (ACSM) (2006), BMI (kg.m™)

is rated as follows:

Underweight:
Normal:

Overweight:

Obese — Class 1:

Obese — Class 2

Obese — Class 3:

< 18,5 kg.m™

18,5-24,9 kg.m™
25,0-29,9 kg.m™
30,0-34,9 kg.m™
35,0-39,9 kg.m™

> 40,0 kg.m™
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3.8.2.3. Skinfold measurements

The tricep, subscapular, bicep, supra-iliac and medial calf skinfold sites were
measured using the Harpenden skinfold calliper (Model HSB-BI, Baty International,
West Sussex, RH15 9LR, England) (Marfell-Jones et al., 2006) (see Figure 3.4).

Figure 3.4: Harpenden skinfold calliper

i Tricep skinfold measurement

Figure 3.5: Tricep skinfold measured using a skinfold calliper
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Procedure: The participant stood upright in the neutral position, with the right arm
relaxed. The measurement was taken between the acromion and the radial, parallel

to the long axis of the arm (Marfell-Jones et al., 2006) (see Figure 3.5).

ii. Subscapular skinfold

Figure 3.6: Subscapular skinfold measured using a skinfold calliper
Procedure: The skinfold measurement was taken with the fold running laterally and
obliqguely downwards at an angle of 45 degrees (Marfell-Jones et al., 2006) (see

Figure 3.6).

iii. Bicep skinfold

Figure 3.7: Bicep skinfold measured using a skinfold calliper
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Procedure: The bicep skinfold measurement was taken on the anterior surface of the
arm at the level of the mid-acromial-radial landmark, parallel to the long axis of the
arm (Marfell-Jones et al., 2006) (see Figure 3.7).

iv. Supra-iliac skinfold

Figure 3.8: Supra-iliac skinfold measured using a skinfold calliper
Procedure: The participant's arm was placed across his/her chest while the
measurement was taken. The supra-iliac skinfold was measured horizontally at the

lliac crest skinfold site (Marfell-Jones et al., 2006) (see Figure 3.8).

V. Medial calf skinfold

Figure 3.9: Medial calf skinfold measured using a skinfold calliper
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Procedure: The participant’s right foot was placed on a box, with the knee bent at a
90° angle. The skinfold measurement was taken at the most medial part of the calf
with the fold parallel to the long axis of the leg. The measurement was recorded at

the level of maximal girth (Marfell-Jones et al., 2006) (see Figure 3.9).

3.8.2.4. Circumference measurements
An inelastic, flexible tape measure was used to measure the calf and contracted arm

circumference (ACSM, 2010) (see Figure 3.10).

Figure 3.10: Inelastic and flexible tape measure

i. Calf circumference

Figure 3.11: Calf circumference measured using a tape measure
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Procedure: The participant stood with his/her feet shoulder-width apart and weight
evenly distributed. The tape measure was placed around the maximal girth of the

calf and recorded (Marfell-Jones et al., 2006) (see Figure 3.11).

ii. Contracted arm circumference

Figure 3.12: Contracted arm measured using a tape measure

Procedure: The arm was flexed at an angle of 90 degrees and raised anterior to the
horizontal. The tape measure was placed around the largest part of the biceps
brachii. The circumference measurement was recorded when the subject contracted
his/her arm (Marfell-Jones et al., 2006) (see Figure 3.12).

iii. Waist circumference

Figure 3.13: Waist circumference measured using a tape measure
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Procedure: The participant stood with his/her arms folded across the thorax,
breathing normally. The measurement was recorded at the end of expiration at the

narrowest part of the abdomen (Marfell-Jones et al., 2006) (see Figure 3.13).

iv. Hip circumference

Figure 3.14: Hip measured using a tape measure

Procedure: The participant assumed a relaxed standing position, with the feet
together, the gluteal muscles relaxed and the arms folded across the thorax. The
measurement was recorded at the level of the greatest posterior circumference of

the buttocks (Marfell-Jones et al., 2006) (see Figure 3.14).
3.8.2.5. Diameter measurements

The humerus and femur diameter was measured using a small spreading calliper

(Marfell-Jones et al., 2006) (see Figure 3.15).
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Figure 3.15: Small spreading calliper

i Humerus diameter

Figure 3.16: Humerus diameter measured using a spreading calliper
Procedure: The participant bent his/her elbow at a 90° angle. The measurement was
taken at the most medial aspect of the medial humeral epicondyle and the most

lateral humeral epicondyle (Marfell-Jones et al., 2006) (see Figure 3.16).

ii. Femur diameter

Figure 3.17: Femur diameter measured using a spreading calliper
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Procedure: The participant was seated with his/her right leg bent at a 90" angle while
the foot rested on the floor. The measurement was recorded at the most medial
aspect of the medial femoral epicondyle and the most lateral aspect of the lateral
femoral condyle (Marfell-Jones et al., 2006) (see Figure 3.17).

3.8.3. Flexibility
Equipment: Sit-and-reach box (ACSM, 2010).

Figure 3.19: Measurement taken for the modified sit-and-reach test
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Procedure: The participant performed the modified hurdler’s stretch before the test to
warm-up the muscles and reduce the risk of injury. The warm-up helped the
participant to perform better in the test (ACSM, 2010). The participant sat with
his/her back against a wall at an angle of 90 degrees, with the legs fully extended in
front of his/her body, and the soles of the feet against the sit-and-reach box
(Hoffman, 2006), wearing no shoes (ACSM, 2010). Arms were extended forward
with one hand on top of the other. Scapula adduction was the only movement
allowed (Hoffman, 2006). The zero point was measured from the point that the
participant was able to reach in this position (see Figure 3.18). The subject leaned as
far forward as possible, keeping his/her legs flat on the floor. The furthest distance
reached by the fingertips was measured (Hoffman, 2006) (see Figure 3.19). The
subject had two trials (ACSM, 2010) and the best measurement was recorded. The

norms for the modified sit-and-reach test are given in Table 3.2.

Table 3.2: Norms for the modified sit-and-reach test

Percentile Males Females
99 62,7 53,3
95 48 49
90 43,7 45,5
80 43,2 42 .4
70 40,1 41,1
60 38,1 40,1
50 36,6 37,6
40 34,3 36,8
30 33 34,8
20 29,5 32
10 23,4 25,7

(Hoffman, 2006).

3.8.4. Muscle strength
Equipment: Hand grip dynamometer (Nieman, 2003).
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Figure 3.20: Hand grip dynamometer

Figure 3.21: Hand grip strength test using a dynamometer

Procedure: The hand grip dynamometer (T.K.K. 5401, Takei Scientific Instruments
Co. Ltd, Japan) (see Figure 3.20) was adjusted to the hand grip size comfortable for
the participant (Nieman, 2003). The participant stood upright with the elbow bent at a
90° angle. The shoulder was adducted and rotated neutrally. The forearm was in a
neutral position and the wrist slightly extended from 0° to 30° (see Figure 3.21). The
participant squeezed the dynamometer as hard as possible. There were three trials
for each hand with a minute’s rest between each trial. The best score was used as
the measurement of the participant’'s muscle strength (Heyward, 2006). The norms

for the hand grip strength test are given in Table 3.3.
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Table 3.3: Norms for combined right and

left isometric grip strength

scores

Male Female
Excellent 2115 270
Very good 104-114 63-69
Good 95-103 58-62
Fair 84-94 52-59
Needs improvement <83 <51

3.8.5. Cardiovascular endur

ance

Equipment: Metronome, Harvard step, stopwatch

(Heyward, 2006)

s
)
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Figure 3.22: Harvard step test
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Figure 3.23: Metronome
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Figure 3.25: Stop watch

Procedure: The Harvard step test was used as it is a practical, reliable and valid test
for measuring cardiovascular endurance (Phillips & Hornak, 1979; Bosco, 1983) (see
Figure 3.22). During the test the participant steps up and down a bench to the sound
of a metronome (Seiko, Quartz metronome Model SQ50V, Seiko Sports Life Co. Ltd,
China) (see Figure 3.21). The metronome was set at a rhythm of 30 steps per
minute. Male participants used a box 50 cm high whereas female participants used a
box 40 cm high (see Figure 3.24). After four minutes for females and five minutes for
males, the participant sat down immediately (Miller, 1994). His/her heart rate was
recorded at the radial artery for 30 seconds. It was recorded at the 1%' minute, 2™
minute and 3™ minute after the work had stopped (Kriiger & Van Vuuren, 1998). A

stopwatch was used to keep time (Sanji 5000 model) (see Figure 3.25).
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The scoring formula used is given below:

Index = Duration of the exercise in seconds

2 x sum of pulse counts in recovery

The score obtained is interpreted according to the scores outlined in Table 3.4.

Table 3.4: Scores for the Harvard step test

x 100

(Miller, 1994: 179)

Excellent Above 89

Good 80-89

High average 65-79

Low average 55-64

Poor Below 55
3.8.6. Muscle endurance

Equipment: Mat, stopwatch (Baechle & Earle, 2008)

Figure 3.27: One minute sit-up test

(Miller, 1994)
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Procedure: The participant lay in a supine position on a mat with his/her shoes on
and his/her legs bent a 90° angle. The back of the participant’s hands touched the
mat with his/her fingers interlocked behind his/her neck. The participant’s ankles
were held firmly by another person, using only their hands (see Figure 3.26). On the
“Go” command, the stopwatch (Sanji 5000 model) started counting the time, and the
participant raised his/her upper body to the up position (see Figure 3.27). Once the
participant’s elbows touched his/her thighs the participant lowered the upper portion
of his/her back until it touched the mat. The head, hands, arms and elbows did not
have to touch the ground. The participant performed as many sit-ups as possible in a
minute. A repetition did not count if the participant failed to reach the up position. If
he/she failed to keep the fingers interlocked behind the neck, or if the participant
raised the buttocks off the ground, the repetition did not count (Baechle & Earle,

2000). Norms for the minute sit up test are given in Table 3.5.

Table 3.5: Norms for the one minute sit-up test

Percentile rank Male Female
99 > 55 > 51
90 52 49
80 47 44
70 45 41
60 42 38
50 40 35
40 38 32
30 35 30
20 33 27
10 30 23
01 <27 <18

(Baechle & Earle, 2000)

3.9. Statistical analysis

The statistical analysis was done by a private statistician using IBM SPSS Statistics
22. The data analysis consisted of descriptive statistics and inferential statistics.
Under descriptive statistics, frequency analysis was used to describe the sample,
and normal descriptive statistics was used to describe the minimum, average,
maximum and standard deviation of the groups. Under inferential statistics,

correlations were used. The Pearson’s product-moment correlation coefficient was
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used to test whether a relationship existed between the academic score and SES,
health status and other biometric measures including body composition, flexibility,
muscle strength, muscle endurance and cardiovascular fitness. To determine
whether a statistical difference existed between the academic score of the cohort
based on SES, health status and the components of physical fithess (measured as
poor, average, good and excellent), a one-way analysis of the variance was used.
T tests were used to assess differences between the independent variables. When
comparing all the fithess measurements of the participants from January to June to
October, repeated measurements ANOVA was used. The strength of the
correlations was described in accordance with the classification of Landis and Koch
(1977) as outlined in Table 3.6.

Table 3.6: Landis and Koch reliability classification scale

Interpretation Association value
Poor 0,00
Slight 0,01-0,20
Fair 0,21-0,40
Moderate 0,41-0,60
Substantial 0,61-0,81
Almost perfect 0,81-1,00

The statistical level of reporting was set for the 95" percentile.
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CHAPTER 4: RESULTS AND
DISCUSSION

To recapitulate, the aim of this study was to determine whether there was a

significant correlation (p < 0,05) between:

o Academic performance and body composition;

o Academic performance and muscle strength;

° Academic performance and flexibility;

o Academic performance and cardiovascular endurance;
o Academic performance and muscle endurance;

o Academic performance and health status; and

o Health status and the components physical fitness.

In addition, the study aimed to:
o Establish whether there was a significant difference between the student’s

AP score obtained in matric and his/her marks at university.

The results of the study are presented in tabular form (Tables 4.1 to 4.9) and graphic
form (Figures 4.1 to 4.14). All statistically significant results were reported at the 95%
level of confidence or greater, and are subsequently discussed in the context of the

applicable literature.

The results are displayed in the following order:

4.1 Descriptive statistics of the sample;

4.2 Descriptive and correlational statistics of academic results with gender,
mother’s education, and degree studied;

4.3 Descriptive and correlational statistics of the measured variables;

4.4 Relationship between selected components of physical fitness;
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4.5 Association between academic performance and the measured variables;
and

4.6 Correlation between academic performance and measured variables from
Test 1, Test 2 and Test 3.

4.1. Descriptive statistics of the sample

Participants were selected in accordance with the inclusion and exclusion criteria
outlined in Section 3.5. The initial sample consisted of 100 participants. One of the
100 participant’s data fell well outside the norm and was considered outlier data. The
outlier's data was therefore not included in the sample which resulted in a final total

of n =99 (aged 17-33 years; 40 males and 59 females).

The sample size of 99 students is smaller than that in comparable studies. Eveland-
Sayers et al. (2009) had 134 participants in their study, Du Toit et al. (2011) had 212
participants, Coe et al. (2006) had 214 participants and Kwak et al. (2009) and
Castelli et al. (2007) had 232 and 259 participants, respectively. Yu et al. (2006) had
a sample size of 333 participants, Dwyer et al. (1983) had 500 participants, and
Sallis et al. (1999) had 759 participants. On a much larger scale, Sigfusdottir et al.
(2007) examined 5 810 Icelandic school children and Tremblay et al. (2000) had
6 923 participants which is similar to the sample size of 6 463 used by Kim et al.
(2003). Dwyer et al. (2001) included 7 961 Australian school children in their study.
In studies examining the relationship between physical fithess and academic
performance, the largest sample was gathered by The California Department of
Education, namely 884 715 students (Grissom, 2005). The second largest sample
size was that of Van Dusen et al. (2011) who studied 254 743 subjects.

Descriptive statistics in respect of age, gender, degree studied and mother’s
education are presented in Figure 4.1 to Figure 4.4. The academic score according
to gender and mother’s education is reflected in Figure 4.5. Figure 4.6 compares the
academic and AP score of BA (HMS) and B (SportSci) students. Descriptive
statistics of the sample in terms of waist circumference, hip circumference and
waist/hip ratio are reflected in Figure 4.7 to Figure 4.8. Correlational and descriptive
statistics for weight, health status, BMI, body fat percentage, cardiovascular

endurance (Harvard step test), flexibility (sit-and-reach test), muscle strength (hand
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grip dynamometer test) and muscle endurance (one minute sit-up test) are

presented in Figure 4.9 to Figure 4.16.
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Figure 4.1: Variables of the study sample (age)

The mean age of the participants involved in this study was 18,93 years, with a
standard deviation (SD) of 1,88 (Figure 4.1). To the researcher's knowledge, no
study comparing the effects of physical fithess on academic performance has been
done on university students rendering comparisons difficult. The majority of
comparable studies were performed on young children and adolescents. When
determining whether there is a correlation between physical activity and academic
performance, Yu et al. (2006) studied pre-adolescent boys aged 8-12 years, Dwyer
et al. (2001) studied Australian children aged 7-15 years, and Tremblay et al. (2000)
examined 12-year-old children. Du Toit et al. (2011) studied South African children
between the ages 9-12 years. Keeley and Fox (2009) investigated the effect of
physical fitness and activity on academic achievement and cognitive performance in
children aged 4-18 years, while Dwyer et al. (1983) investigated the effects of daily

physical activity on the health of ten-year-old school children.

A Canadian study in the Trois Rivieres region involved children from Grade 2, 3, 5
and 6 (Shephard, 1983; Shephard, 1997). Van Dusen et al. (2011) examined the
associations between physical fithess and academic performance in Grade 3-11

school children, while Castelli et al. (2007) included 3™ and 5" Grade learners in
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their study. Ahamed et al. (2007) used a similar age category to that used by Castelli
et al. (2007) when determining whether school based physical activity compromised
children’s academic performance. Sallis et al. (1999) and Coe et al. (2006) studied
Grade 6 children in the same context. However, Sallis et al. (1999) also included
Grade 4 and 5 children in their investigation. Kim et al. (2003) examined a group of
5N 8N and 11" Grade learners while the California Department of Education tested
Grade 5, 7 and 9 learners (Grissom, 2005). When exploring the association between
physical activity, fitness and academic achievement, the sample of Kwak et al.
(2009) consisted of Grade 9 learners. Sigfusdottir et al. (2007) included Grade 9 and
Grade 10 learners in their study, and Chomitz et al. (2009) used a large group of 4"
to 8" Grade urban learners. Similar to the studies mentioned, Eveland-Sayers et al.
(2009) examined the relationship between physical fithess and academic

performance in elementary school children.

It is difficult to make accurate comparisons between past studies and the present
one owing to the differences in the age groups studied. When determining the
relationship between the components of physical fithess and academic performance,
health status and academic performance, or health status and physical fithess, age
may have contributed to a statistical significance or a lack thereof, owing to a higher

or lower emphasis placed on the various parameters.
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Figure 4.2: Variables of the study sample (gender)
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There were 40,4% male participants and 59,6% female participants in this study
(Figure 4.2). The majority of comparable studies included both male and female
participants (Dwyer et al., 1983; Sallis et al., 1999; Tremblay et al., 2000; Dwyer et
al., 2001; Kim et al., 2003; Grissom, 2005; Coe et al., 2006; Castelli et al., 2007;
Sigfusdottir et al., 2007; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Kwak et
al., 2009; Van Dusen et al.,, 2011). A study by Van Dusen et al. (2011) used a
sample of 48,7% male and 51,3% female subjects. Kwak et al. (2009) had a similar
ratio with 52% females participating in their study. The sample of Du Toit et al.
(2011) included 94 male and 118 female subjects.

Since the majority of studies involved both male and female subjects, the present
study can be compared to past studies in terms of gender.

SAMPLE

48,5

18

Frequen
Valid percentage

mBA(HMS) @B (SportSci)

Figure 4.3: Variables of the study sample (degree studied)
The sample for the present study consisted of 50 BA (HMS) and 49 B (SportSci)

students (Figure 4.3). These participants were selected from a sample of

convenience available at the University of Pretoria.
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Figure 4.4: Variables of the study sample (mother’s education)

This study followed the same principle as other studies (Kim et al., 2003; Chomitz et

al., 2009; Kwak et al., 2009) by using the participants’ mothers’ level of education as

an indication of SES. The mothers were asked to rate their highest level of education

in accordance with the following options:

>

YV V. V V V V V V

Primary school;

Grade 10;

Grade 12;

One year diploma,;

Two year diploma;

Three to four year degree,;
Honours degree;

Master’s degree; or
Doctoral degree.

Owing to the lack of variation in answers regarding the lowest and highest levels of

education, the data was arranged into three groups, which are represented in Figure
4.4 and listed below:

>
>
>

Primary school to grade 12;
One to two year diploma; and

Undergraduate or postgraduate degree.
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The mothers’ of participants’ educational levels were mostly grouped around the
middle options, with only a few indicating an education level below Grade 12 or that

of a postgraduate degree.

4.2. Descriptive and correlational statistics of academic results with

gender, mother’s education, and degree studied

No statistical significance between gender and academic performance (Figure 4.5)

or gender and AP score was observed in the present study.
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Figure 4.5: Academic score according to gender and mother’s education

Du Toit et al. (2011) reported that females performed better academically than males
but the difference was not statistically significant. Farooq et al. (2011) also indicated
females to perform better academically than males. Evidence suggests that males
suffer an educational disadvantage to females, especially in terms of performance in
literacy. This could be owing to biological differences, teaching, assessment and
gender bias. Some regard reading as being “non-masculine” (Considine & Zappala,
2002). Borse et al. (2014) suggested that females have better study skills than
males, they work harder and attend class more often. This did not appear to be the

case in the present study.

The relationship between SES and academic performance showed no statistical

significance on the basis of the mother’s level of education (Figure 4.5). Kim et al.
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(2003) showed a strong positive association between parental level of education and
academic performance in Grade 5 and Grade 8 learners. A weak association was
observed in Grade 11 boys and no association was reported in Grade 11 girls. A
possible reason for the lack of significance in the present study could be the lack of
variety in the mothers’ levels of education. As mentioned previously, the majority of
the mothers were grouped in the same category of educational level. The lack of
significance could be because the mothers’ education levels do not necessarily
reflect the SES in this population group. All the participants in this study were
university undergraduates whereas other comparable studies were done on school
children (Dwyer et al., 1983; Keays & Allison, 1995; Shephard, 1997; Sallis et al.,
1999; Tremblay et al., 2000; Dwyer et al., 2001; Kim et al., 2003; Grissom, 2005;
Coe et al., 2006; Nelson & Gordon-Larsen, 2006; Burton & Van Heest, 2007; Castelli
et al., 2007; Sigfusdottir et al., 2007; Tomporowski et al., 2008; Trudeau & Shephard,
2008; Chomitz et al., 2009; Eveland-Sayers et al., 2009; Keeley & Fox, 2009; Kwak
et al., 2009; Welk et al., 2010; Zoeller, 2010; Du Toit et al., 2011; Shephard et al.,
2011; Van Dusen et al., 2011; Al-Nader et al., 2013; Liao et al., 2013). Additionally
the mother’s level of education may not necessarily reflect household income. Other
variables could play a role in determining a person’s SES, including occupational
status, families with two incomes, and unemployment (Considine & Zappala, 2002;
Farooq et al., 2011). Causality based on SES alone can therefore not be assumed,

as other variables could influence these outcomes independently.
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Figure 4.6: Comparison of BA (HMS) and B (SportSci) academic and

AP scores
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Statistically there was a significant relationship between degree studied and AP
score, as well as degree studied and academic result average. The BA (HMS)
students performed better academically in matric (AP score) and in their first year of
university (academic result average) than the B (SportSci) students. Many of the
B (SportSci) students are elite athletes who dedicate more of their time to their
physical training whereas the BA (HMS) students may dedicate more of their time to
their studies. This may explain why the BA (HMS) students performed better
academically than the B (SportSci) students. In respect of the AP score, BA (HMS)
participants scored 34,46 *+ 3,38 compared to the B (SportSci) score of 31,22 + 5,12
to the 99% confidence level (p = 0,001) (Figure 4.6). During their first year at
university, the mean average academic score of the BA (HMS) students was 68,23 +
12,47 compared to the mean academic score of 60,69 = 15,35 in B (SportSci)
students (p = 0,01) (Figure 4.6).

4.3. Descriptive and correlational statistics of the measured variables

Statistically there was no significant difference between the health status

guestionnaire and waist circumference, hip circumference and the waist/hip ratio.

The mean waist circumference (cm) of the sample for Test 1 was 72 = 7,95 and
73,81 £ 7,75 and 74,12 + 7,86 for Test 2 and 3 respectively (Figure 4.7). The mean
hip circumference (cm) was 95,26 *+ 6,14 for Test 1 and 95,99 + 6,17 and 96,75 +
5,91 for Test 2 and 3 respectively (Figure 4.7). The mean waist/hip ratio of the
sample for Test 1, Test 2 and Test 3 was 0,76 + 0,65, 0,77 £ 0,07 and 0,77 + 0,06,
respectively (Figure 4.8).
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Figure 4.7: Descriptive statistics of the sample (waist circumference and hip
circumference)
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Figure 4.8: Descriptive statistics of the sample (waist/hip ratio)

There was a statistically significant difference in weight (kg) from Test 1 to Test 3 at
the 99% confidence level (p < 0,001). The mean weight for Test 1 was 64,88 +
12,02. This had increased to 68,3 + 12,52 by Test 3 (Figure 4.9).

The change in weight observed in this study supports research which has
documented that University students have a tendency to gain weight in their first
year of study (Wengreen & Moncur, 2009). This has been attributed to a lifestyle free
from parental influence (Stewart-Brown et al., 2000).
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Figure 4.9: Variables of the study sample (weight)

The majority of participants were classified in the healthy lifestyle category (Figure

4.10) with a normal BMI (Figure 4.11). This was similar to the sample used in the

study by Du Toit et al. (2011) where the mean BMI was also classified as “normal”.

There was little change through the year with regard to lifestyle category and BMI

results in the present study. There was a greater variation through the year with

regard to fat percentage (Figure 4.12).
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Figure 4.10: Variables of the study sample (health status)
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Statistically, there was no significant change in the health and lifestyle questionnaire

scores between the three tests.
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Figure 4.11: Variables of the study sample (BMI)

The change was not clinically significant (Figure 4.11). A significant increase (p <
0,001) in mean BMI (kg.m™) was observed between Test 1 (22,17 + 2,8) and Test 2
(22,89 + 2,83) and Test 1 and Test 3 (22,85 = 2,83). Despite the statistical

significance these changes cannot be seen as being clinically significant. Similar

studies tested participants on one occasion only, making comparisons with the

present study not possible.
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Figure 4.12: Variables of the study sample (percentage body fat)
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There was a statistically significant change in the fat percentage to the 95%
confidence level (p <0,05) but again this was interpreted not to be clinically
significant. The mean body fat percentage decreased significantly from 21,94 + 6,95
for Test 1 to 20,65 + 6,58 for Test 2 and 20,23 = 7,70 for Test 3. The increase in
weight and increase in BMI (Figures 4.9 and 4.11), and the decrease in body fat
percentage from the beginning of the year to the end of the year (Figure 4.12), could
indicate that participants had gained muscle mass. With a mean age of 18,93 years,
one could suspect that the changes in muscle mass could be related to growth,
development and hormones, particularly in the male participants. During
adolescence and early adulthood testosterone levels are at their highest.
Testosterone is a robust hormone that promotes muscle mass. A deficiency of
testosterone leads to a decrease in muscle mass and an increase in fat mass
(Severson & Barclay, 2015). Growth hormone could also explain the increase in
muscle mass and decrease in the percentage fat. Growth hormone increases fat
breakdown to provide energy for tissue growth. A deficiency in growth hormone in
children and adults is accompanied by an increase in adipose tissue (Bengtsson et
al., 1992). The BA (HMS) and B (SportSci) courses involve physical exercise
training. This could be an alternate reason for the observed increase in muscle mass

and decrease in the percentage body fat.
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Figure 4.13: Variables of the study sample (cardiovascular endurance)

98



y 58,9 [ ]
7.“ 53 20,2 - 51 56 T i 531{_.’
o ‘iﬁ 37 411 4044 39 46,4 45
=
@ ! ) %] ! ) @ 1 .
T s 2 = s = T 2
Z g = = = =g =
SE i o 5 g2 g
1Z 0 i1 5: 0 53 1Z 0 5k
g " £Z g~ £ £ 5 Z£
o 23 @ s B S
Test1 Test 2 Test 3

B Frequency @ Valid percentage

Figure 4.14: Variables of the study sample (flexibility)
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Figure 4.15: Variables of the study sample (muscle strength)

Despite the participants being enrolled for courses that require practical sessions of
physical exercise, there was no statistically significant change through the year in
their cardiovascular endurance (Figure 4.13), flexibility (Figure 4.14), and muscle
strength (Figure 4.15). Despite the proposed increase in muscle mass mentioned
before, muscle strength did not show any improvement. This could be owing to the
method of strength testing (by means of a hand grip dynamometer) that use different

muscle groups from the muscle groups used in their respective sports, e.g. soccer.
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Figure 4.16: Variables of the study sample (muscle endurance)
The one minute sit-up test (Figure 4.16) demonstrated a statistically significant
change through the year on the 99% confidence level (p < 0,001). The mean number
of sit-ups performed in Test 1 significantly increased from Test 1 (37,40 + 8,98, p <
0,001) to Test 2 (41,36 = 9,86, p < 0,001), and from Test 2 to Test 3 (42,20 + 10,47,
p < 0,001). A possible reason for the improvements may be that participants became

familiar with the test.

As stated previously, the present study tested participants on three separate
occasions whereas comparable studies tested participants on one occasion only.
Comparisons between this study and past studies can therefore not be made in
terms of the change in the components of physical fitness from the beginning of the

year to the end of the year.

4.4. Relationship between selected components of physical fithess
Physical fitness is an interrelated, individualised concept that consists of five
components. To investigate the effect of physical fithess on academic performance,

the association between these components was investigated (Table 4.1).
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Table 4.1. Correlation analysis between selected components of physical

fitness

FIeX|b!|ttr)é;]/;trr?uscle 0 =0,04 Fair (-0,22)

Muscle endurance vs 0 < 0,001 Moderate (0,42)
muscle strength
Cardiovascular

endurance vs muscle p < 0,001 Fair (0,34)

strength

Muscle endurance vs

cardiovascular p < 0,001 Moderate (0,54)
endurance

When comparing the components of physical fithess to one another, a statistically
significant negative relationship was seen between muscle strength and flexibility
(p = 0,04; r =-0,22). This confirms the statement of Heyward (2006) that the size and
strength of muscles could limit flexibility. A statistically significant positive relationship
was seen between muscle strength and muscle endurance (p < 0,001; r =0,42), and
between muscle strength and cardiovascular endurance (p < 0,001; r = 0,34) (Table
4.1). Any physical exercise training that improves muscle endurance will also
improve muscle strength, and vice versa (Baechle & Earle, 2008). Though
cardiovascular endurance training does not lead to an improvement in muscle
strength, anaerobic training programmes can lead to an increase in both muscle
strength and aerobic power, depending on the method of application (Baechle &
Earle, 2008). Muscle endurance had a moderately positive relationship with
cardiovascular endurance (p <0,001; r = 0,54) in the present study. Cardiovascular
endurance training can improve both cardiovascular endurance and muscle
endurance at a lower power output (Baechle & Earle, 2008). This study
demonstrates the reciprocity among the various components of physical fithess.
Comparable studies done in the past failed to compare the components of physical
fitness with one another. Comparisons between this study and past studies in terms
of the relationship among the components of physical fithess can therefore not be

made.
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4.5. The association between academic performance and measured

variables

A mean value for the three tests was determined for each of the measured variables

and correlated with academic performance (Table 4.2).

Table 4.2: Correlation analysis of academic performance with the mean of

measured variables

Acad(\a/rgl'gé) il(’:f(c)):renance p < 0,001 Moderate (0,55)
Academic performance .

VS healrt)h status PSS U7 (A8
Academic performance .

U hpeight p = 0,02 Fair (-0,25)
Acadercfv\?;gﬁ[ma”ce p < 0,001 Fair (-0,38)
Academic performance _ .

vs BMI p = 0,002 Fair (-0,33)
Academic performance _ .
vs waist circumference p=hee e (02
Academic performance _ .
vs hip circumference RO 7 (E025,
Academic performance - 003 Fair (-0,23)
vs muscle strength b=1 ’

When comparing academic performance to the AP score there was a moderately
strong positive relationship (p < 0,001; r = 0,55) (Table 4.2). When comparing
academic score to height (p = 0,02; r = -0,25), weight (p = < 0,001; r = -0,38), waist
circumference (p = 0,02; r = -0,25), hip circumference (p = 0,002; r = -0,33), and
muscle strength (p = 0,03; r = -0,23) there was a fairly negative relationship.
Statistically there was no significant relationship between AP score and any other
measured variable. The time difference from when the AP score was measured to
when the variables were measured was too great to be able to draw any significant

conclusions.
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To the researcher’s knowledge no other published studies have compared tertiary
academic performance to school AP scores. However, the positive association
between the AP score and academic performance in the present study could be
explained by Behr (1985) who stated that a student who performs well at school

tends to acquire a sound attitude towards work.

While the present study showed a fair negative relationship between height and
academic performance, Kim et al. (2003) found a weak but positive association
between height and academic performance in Grade 5 girls and Grade 8 boys. The
association was stronger at younger ages. Nutrition influences development and
growth (i.e. height) in children. Taller children may be indicative of better nutrition
and, as stated previously, nutrition affects cognitive performance, which in turn has a
positive effect on academic performance (Kim et al., 2003; Woodward, 2009). Owing
to the age group used in the present study, there is no explanation for the fairly
negative relationship between height and academic performance. Further studies
should be undertaken to investigate the association between these two components.

A number of studies suggest that overweight children have lower academic
achievement scores (Datar & Sturm, 2006; Castelli et al., 2007; Cottrell et al., 2007;
Welk et al., 2010) than children within the normal weight range. This corresponds to
the present study which shows an inverse relationship between weight and
academic results. Du Toit et al. (2011) had similar findings, but only among girls and
not among boys. Kim et al. (2003), however, reported no significant relationship
between body weight and academic performance. In contrast to this research,
Alonso-Alonso and Pascual-Leone (2007) and Li et al. (2008) observed a link
between overweight and cognitive factors, which in turn relates to academic
achievement. Comparisons between this study and other studies are confounded by
the difference in age groups.

According to Pathrudu (2015), there was no significant correlation between
academic performance and waist and hip circumference. The present study
however, observed a fairly negative relationship between waist circumference and
academic performance, and between hip circumference and academic performance.

This could be explained by the fact that a large waist circumference is associated
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with metabolic syndrome and increased morbidity (Pathrudu, 2015). Visceral adipose

tissue is negatively associated with verbal memory and attention (Isaac et al., 2011).

Limited research has been done on the association between muscle strength and
cognition. Du Toit et al. (2011) noted a positive correlation (p < 0,05) with medium
practical significance between muscle strength and academic performance. Dwyer et
al. (2001) and Van Dusen et al. (2011) also showed a positive association between
the two components, while Castelli et al. (2007) reported no significant association.
Muscle strength has been shown to be associated with overall health (Plowman &
Smith, 2014), and overall health has been shown to be associated with academic
performance (Table 4.2), however in the present study muscle strength does not
appear to independently affect academic performance (Table 4.7).

The relationship between academic performance and health status, and academic

performance and BMI is discussed in Section 4.6.

While some studies reported certain components of physical fitness to influence
academic performance (Dwyer et al., 2001; Castelli et al., 2007; Eveland-Sayers et
al., 2009; Keeley & Fox, 2009; Du Toit et al., 2011; Van Dusen et al., 2011), the
present study did not observe any significant correlation between academic
performance and the percentage body fat, waist/hip ratio, flexibility, muscle
endurance and cardiovascular endurance. A possible explanation for the difference
in results is the difference in age groups of the sample groups. Du Toit et al. (2011)
found that the percentage body fat did not influence academic performance. This
correlates with the present study. No studies which were consulted used the
waist/hip ratio, and therefore no comparisons can be drawn. Health is related to
academic performance (Table 4.2); however, those with a higher percentage of fat
are not necessarily unhealthy.

While studies have demonstrated a negative association between waist/hip ratio and
academic scores (Borse et al., 2014; Pathrudu, 2015), the current study found no
association. A higher waist/hip ratio may be owing to a lack of physical activity, which
could be responsible for a lower amount of mental processing and brain activity
(Borse et al., 2014).
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Evidence that relates flexibility to cognition is limited. Studies comparing flexibility to
academic performance have yielded mixed results. A significant correlation was
observed by Van Dusen et al. (2011) in respect of academic performance and
performance in the sit-and-reach test (p < 0,05). Castelli et al. (2007) however
observed flexibility to be unrelated to academic achievement, which is in line with the
present study. Flexibility exercises lead to a wide range of chemical and neural
adaptations in the brain, increasing one’s ability to think critically (Kramer et al.,

2006). This does not appear to be the case in this study.

Although some studies have reported a positive association between academic test
scores and muscle fitness (Dwyer et al., 2001; Eveland-Sayers et al., 2009), as well
as between health status and academic performance (Kim et al., 2003; Chomitz et
al., 2009), Castelli et al. (2007) reported no association between these components.
The present study agrees with the findings of Castelli et al. (2007) on muscle fitness
and academic performance, which show that muscle endurance does not appear to
have an independent effect on academic performance. Muscle endurance improves
health by reducing the risk of illness and chronic disease (Warburton et al., 2006). It
has a positive effect on metabolic health and cardiovascular risk factors (Plowman &
Smith, 2014) and has been shown to improve psychological well-being and overall
quality of life (Warburton et al., 2006; Plowman & Smith, 2014). While Du Toit et al.
(2011) observed a medium correlation between muscle endurance and academic
performance, Ruiz et al. (2010) saw no association between muscle endurance and

cognitive performance.

Van Dusen et al. (2011) observed a statistical significant association (p < 0,001)
between cardiovascular endurance and academic performance. Numerous studies
have also reported a positive association between cardiovascular endurance and
academic performance (McAuley et al., 1994; Dwyer et al., 2001; Castelli et al.,
2007; Sigfusdottir et al., 2007; Eveland-Sayers et al., 2009; Welk et al., 2010; Van
Dusen et al., 2011), as well as with cognitive abilities (Etnier et al., 1997; Colcombe
et al.,, 2003; Colcombe & Kramer, 2003). When examining which component(s) of
physical fithess had the strongest association with academic performance,
cardiovascular endurance and body composition were generally shown to have the

strongest link. These two components are associated with risk factors for chronic

105



disease, which could explain the positive association (Van Dusen et al., 2011). This
did not appear to be the case in this study. A possible reason for this difference
could be due to the method of testing used. Studies have shown that cardiovascular
endurance was strongly associated with academic performance when field tests
were used to measure cardiovascular endurance (Dwyer et al., 2001; Castelli et al.,
2007; Eveland-Sayers et al., 2009). Coe et al. (2006) stated that the level of physical
activity is important when examining the relationship between physical fithess and
academic performance. This correlates with the findings of Kwak et al. (2009) who
showed that vigorous physical activity was the only level of intensity that had a
significant association with academic achievement. This could be an alternate

reason for the lack of statistical significance in the present study.

4.6. Correlation between academic performance and measured variables
in Test 1, Test 2 and Test 3

The combined mean for the three tests in terms of health status showed a fairly

positive relationship (p = 0,007; r = 0,28) with academic performance (Table 4.2).

Table 4.3: Correlation between academic performance and health status

Healthy
lifestyle

49 | 68,12 +13,13* | 42 66,02 £ 12,72 | 47 | 68,86 + 13,89

Moderate
health 32 63,56 + 13,41 37 65,18 + 16,09 33 | 66,22 + 16,18
lifestyle

Poor health

: 9 52,84 £19,02* | 12 | 58,32 +15,23« | 11 | 58,24 £ 11,75
lifestyle

* Statistical significance found between healthy lifestyle and poor health lifestyle
category (Test 1)

» Statistical significance found between healthy lifestyle and poor health lifestyle
category (Test 2)

Test 1
There was a statistically significant relationship between academic performance and

overall health status in Test 1 (p = 0,01). When comparing academic performance
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and lifestyle categories (poor health lifestyle, moderately healthy lifestyle and healthy
lifestyle), there was a statistically significant difference between participants in the
healthy lifestyle category and those in the poor health lifestyle category (p = 0,02)
(Table 4.3).

Test 2

Statistically there was no significant relationship between academic performance and
total health status in Test 2. There was a significant positive correlation between
academic performance and the healthy lifestyle and poor health lifestyle categories
(p =0,02) (Table 4.3).

Test 3
Statistically there was no significant relationship between academic performance and
total health status, or between academic performance and the health status

categories in Test 3 (Table 4.3).

The results of this study correlate with the results from the studies by Kim et al.
(2003) and Chomitz et al. (2009), which showed academic success to be influenced
by health. Ansari & Stock (2010) reported that health complaints influence a
student’s capacity to perform adequately at university, possibly because ill students
tend to miss class, which has a negative effect on academic success (Jensen, 1998;
Keeley & Fox, 2009; Mujovié & Cubrilo, 2012).

When comparing the individual components of physical fithess with the health status
guestionnaire, there was no statistically significant relationship between the two.
According to Kim et al. (2003) and Chomitz et al. (2009) physical fitness is related to
health status, but in this study the individual components of physical fithess do not
seem to be related to health status.

The majority of the participants from the present study selected the healthy lifestyle
category, with most of the remainder choosing the moderately healthy lifestyle
category. Very few participants selected the poor health category. The majority of
subjects in the study by Ansari & Stock (2010) perceived their health to be good to

excellent. If more participants had selected the poor and moderately healthy status
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categories, stronger associations with academic performance may have been

observed.

Table 4.4: Correlation between academic performance and body mass index

Underweight 9 74,23 + 7,82* 4 70,87 + 9,34 5 67,54 + 7,39

Normal weight 68 | 65,74+13,84 | 63 | 67,24 +13,55+ | 60 | 66,95 + 14,66

Overweight 13| 56,41 +17,57* | 24 | 56,38 + 14,99+ | 20 | 58,72 + 16,08

*  Statistical significance between Test 1 underweight and Test 1 overweight category
» Statistical significance between Test 2 normal weight and Test 2 overweight
category

The mean BMI from the three tests in combination showed a fairly negative, yet

significant relationship to academic performance (p = 0,002; r = -0,33) (Table 4.2).

Test 1

There was a statistically significant relationship between academic performance and
the mean BMI with Test 1 (p = 0,02). When comparing the BMI categories
(underweight, normal weight and overweight) to academic performance, there was a
statistically significant difference (p = 0,006) between the participants who were

underweight and overweight (Table 4.4).

Test 2

A statistically significant relationship was seen between academic performance and
mean BMI with Test 2 (p = 0,003). The difference was statistically significant
between the normal weight and overweight participants (p = 0,001) in a comparison
of the BMI categories with academic performance (Table 4.4).

Test 3
Test 3 showed no significant difference with regard to BMI and academic

performance or with the BMI categories and academic performance (Table 4.4).
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Corresponding with the results from Test 1 and Test 2, Castelli et al. (2007) and
Cottrell et al. (2007) reported a significant and inverse relationship between BMI and
academic performance. Welk et al. (2010) noticed a positive association between
normal BMI scores and academic success. Van Dusen et al. (2011) stated that a
moderate BMI was better associated with academic achievement than low BMI
scores and high BMI scores, while Du Toit et al. (2011) demonstrated that an
overweight status had an adverse effect on academic performance in females but
not in males. Li et al. (2008) observed an association between BMI and cognitive
impairment. Those with a poorer BMI percentile performed poorer in cognitive tasks.
The association is partially explained by reverse causation. Obese children and
adults often choose a lifestyle with poor dietary habits, low physical activity levels
and much television viewing, which promotes weight gain and exacerbates risk
factors for cardiovascular disease such as diabetes mellitus. Hyperinsulinemia is
associated with disturbances in glucose metabolism that may affect several brain
regions involved in planning and organising. Another possible reason for the
association is that obesity is related to sleep apnea, which is related to cognitive
deficits. No significant relationship between BMI and academic scores was observed
by Eveland-Sayers et al. (2009) and Ruiz et al. (2010).

Table 4.5: Correlation between academic performance and body fat percentage

Good 13| 68,95+1297 |11 | 72,00+1251 |21 | 67,62+12,11
Average 19| 67,98+11,06 | 28 | 64,40+12,30 | 23 | 62,53+ 15,78
Poor 24 | 64,06+14,63 | 25| 66,13+16,55 | 15| 67,74 +16,40
Extremely bad 34| 63,14+16,63 | 27 | 60,59+14,90 | 26 | 63,63 +15,79

Table 4.6: Correlation between academic performance and flexibility

50th percentile
and under

37 | 62,72+1566 | 40 | 62,92+1535 | 39 | 63,61+ 15,66
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60th to 99th

percentile

53

67,00 + 13,55

Sill

65,85 + 13,95

45

66,62 + 14,60

Table 4.7: Correlation between academic performance and muscle strength

Excellent 11 | 59,60 + 14,95 9 65,66 + 10,05 13 63,45 + 14,61
Very good 16 | 61,96 +20,35 | 14 58,93 + 18,19 14 63,96 + 19,02
Good 13 | 63,21 +£1451 | 26 64,17 + 14,37 18 64,56 £+ 17,42
Fair 30 | 68,54+11,85 | 26 63,79 + 15,27 25 63,39+ 11,91
Needs
improvement 20 | 67,34 +12,01 | 16 71,32 + 10,91 15 70,90 + 13,06

Table 4.8: Correlation between academic performance and muscle endurance

S0th pirr‘:gg:"e and | 55 | 5,57+1251 | 38 | 63331495 | 31 | 64,28 +14,07
60thto 99th | 57 | 6513+17,18 | 51 | 656241413 | 49 | 6554+1594
percentile

Table 4.9: Correlation between academic performance and cardiovascular

endurance

Excellent 5 | 5930+2168 | 7 62,71 + 13,40 10 59,98 +17,28 1
High 29 | 6584+17,04 | 29 | 64,89 + 13,56 18 62,60 + 13,43
Good 13 | 67,27 +13,62 | 12 | 64,35+ 16,48 11 74,59 * 8,58 1%
Low 20 | 68,73+10,28 | 21 70,68 + 9,38 21 67,22 + 18,69 *
Poor 20 | 60,91+12,81 | 11 | 54,67 +19,28 13 61,38 + 13,01 *
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*  Statistical significance between poor and low cardiovascular endurance in Test 3

Statistical significance between poor and good cardiovascular endurance in Test 3

1 Statistical significance between excellent and good cardiovascular endurance in
Test 3

1 Statistical significance between high and good cardiovascular endurance in Test 3

No significant differences were seen between academic performance and the
following variables from Test 1, Test 2 and Test 3: body fat percentage (Table 4.5),

flexibility (Table 4.6), muscle strength (Table 4.7) and muscle endurance (Table 4.8).

A statistically significant difference was observed in Test 3 when academic
performance was compared to cardiovascular endurance (p = 0,02).

A possible explanation for the above results could be that many of the participants
who enrol in BA (HMS) and B (SportSci) have a strong interest in an athletic career.
This may lead to some students prioritising sports participation over academics

which may have skewed the results in a similar fashion as shown above.

When comparing the categories of cardiovascular endurance and academic
performance, there were statistically significant differences between the poor and
low categories (p = 0,04), poor and good categories (p = 0,007), excellent and good
categories (p = 0,02) and high to good categories (p = 0,01) (Table 4.9).
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CHAPTER 5: SUMMARY

Owing to the pressure on students to perform academically, there has been a
sharper focus on the role of physical activity in the academic environment. A
guantitative approach was used to determine the objectives of the study. The study
aimed to establish whether there was a strong and significant correlation (p < 0,05; r
= 0,61) between the five health-related components of physical fithess and health
status and academic performance. The secondary objective of the study was to
determine the strength of the correlation between the AP score obtained in matric
and the average academic score obtained in university. Understanding the
relationship between physical fitness and academic performance is important for
educators, policy makers and institutions in order to ensure that the right

combination of policies and programmes are implemented.

Participants were tested on three separate occasions. The procedures and protocols
are discussed in Chapter 3.

When determining whether significant differences (p < 0,05) existed between the

measured variables and academic performance, the study yielded the following

results:

> There was a strongly positive relationship (p <0,001;r=0,55) when
comparing academic performance to AP score;

> There was a fairly negative relationship (p = 0,02; r = -0,25) when
comparing academic performance to height;

> There was a fairly negative relationship (p = < 0,001; r = -0,38) when
comparing academic performance to weight;

> There was a fairly negative relationship (p = 0,02; r = -0,25) when
comparing academic performance to waist circumference;

> There was a fairly negative relationship (p = 0,002; r = -0,33) when
comparing academic performance to hip circumference,;

> There was a fairly negative relationship (p = 0,03; r = -0,23) when

comparing academic performance to muscle strength;
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> There was a fairly negative relationship (p = 0,002; r = -0,33) when
comparing academic performance to BMI;

> There was a fairly positive relationship (p = 0,007; r = 0,28) when
comparing academic performance to health status;

> A statistically significant difference was found in Test 3 when comparing
academic performance to cardiovascular endurance (p = 0,02); and

> When comparing the categories of cardiovascular endurance to academic
performance, there were statistically significant differences between the
poor and low categories (p = 0,04), poor and good categories (p = 0,007),
excellent and good categories (p =0,02) and high to good categories
(p=10,01)

No significant differences were found between academic performance and the mean

of the following variables: body fat percentage, waist/hip ratio, flexibility, muscle

strength and muscle endurance. There was no statistical significance between the

components of physical fithess and the health status questionnaire.

5.1. Limitations of present study

Certain limitations were present in this study. Firstly, to the researcher’'s knowledge,
no studies relating the components of physical fithess to academic performance
included adults in their sample group, which made it difficult to draw comparisons.

There was little variation in the level of mothers’ education, the health status
categories and the BMI scores of participants. With the majority of participants
having normal BMI scores and selecting the healthy lifestyle category, results may

have been skewed.

The mother's education did not appear to be an accurate reflection of SES.
Sigfusdottir et al. (2007) reported a significant positive association between family
structure and academic performance. Our findings could be more robust if

information on family background had been included.

A problem inherent in measuring academic performance is the number of factors that
could affect the results. Class attendance is a key measure of academic

performance (Strong et al., 2005; Benner & Graham, 2009) but was not included in
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data collection. Other factors that may have had an influence on academic
performance and were unaccounted for include classroom behaviour (Trudeau &
Shephard, 2008), the amount of time spent preparing for class, the amount of time
spent studying (Strydom & Mentz, 2010), television viewing (Borzekowski &
Robinson, 2005; Hancox et al., 2005; Shariff & Sargent, 2006) and nutrition (Kim et
al., 2003; Woodward, 2009). Thus, a complex web of environmental, financial and
social factors makes it difficult to determine independent associations between

fithess and academic achievement (Welk et al., 2010).

A further limitation is the use of convenience sampling as it may limit the extent to
which conclusions can be generalised across the population. The study sample was
relatively small, which made it difficult to apply results to the general student

population.

When comparing health status or academic performance to physical fitness, it is
difficult to define physical fitness. It is an individualised concept that may differ from

one person to the next.

5.2. Strengths of the research study

The components of physical fithness as well as academic performance were
measured objectively. This adds extra strength to the present study as subjective
measures can be biased and produce skewed results. Subjective measures make it
difficult to compare outcomes (Sallis et al., 1999; Van Dusen et al., 2011). The
present study controlled for SES which many studies failed to include. However,
other variables such as parental support can influence these outcomes

independently, so causality cannot be assumed.

5.3. Conclusions

Individual components of physical fitness do not appear to have a strong effect on
academic performance or on health status; rather, the overall improvement in health
status as a result of being physically fit is the determining factor. This is in agreement
with the finding of Tremblay et al. (2000) who stated that physical activity may be

indirectly related to enhanced academic performance by improving physical health
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and self-esteem. Chomitz et al. (2009) agrees that physical fithess may reflect better

health, and good health may contribute positively to academic performance.

Although improved cardiovascular endurance by itself will not improve academic
performance, physical and other activities that promote good health may improve
intellectual capacity. Universities should therefore incorporate comprehensive health
promotion programmes in the university setting as they have the potential to add to
population health and have a positive influence on educational achievement in
university students. University students have less predictable daily routines to which
regular exercise can be linked. To facilitate adherence to an exercise regime,
students should make it a part of their daily routine, for example by going for walks
with fellow students between classes. An effective way to change the health
behaviours of university students is to teach them how to incorporate physical

activity into their schedules.

5.4. Recommendations

The study aimed to establish the relationship between the components of physical
fithness and academic performance. Although there was no significant relationship
between academic performance and cardiovascular endurance, it is recommended
that individuals improve their cardiovascular endurance as it increases the size of
blood vessels, blood volume and cardiac dimensions. Cardiovascular endurance is
also associated with a healthy heart, which in turn is related to health and according

to this study health is related to academic performance.

Despite there being no significant relationship between academic performance and
muscle strength, muscle endurance, body composition and flexibility, it is
recommended that students participate in physical activity to improve the

abovementioned components, as they are associated with numerous health benefits.

The study also aimed to establish the relationship between health status and
academic performance. Owing to the positive association between these two
components, it is recommended that students follow a healthy lifestyle as it may
affect their academic performance positively and ultimately lead to securing

employment in the future.
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5.5. Recommendations for further research
Future studies should be conducted on university students to clarify the associations

between physical fithess variables and academic performance in this particular age
group.

Stronger associations with academic performance may be illustrated if more
participants are classified in the highest and lowest BMI categories and in the poor
and moderately healthy categories.

The accuracy of recording SES can be improved by using family structure,
household income, or the educational level of both parents rather than only the

mother’s education level.

To limit confounding factors, future studies should incorporate data on factors such

as time spent studying, time spent watching television, mental illness and nutrition.

It is recommended that a randomised sample be used in future. In respect of the
study programme(s) of subjects, it is recommended that the same variables be
investigated in other faculties and departments. BA (HMS) and B (SportSci) are very
similar in content and structure and other academic programmes may have yielded

different results.

It is recommended that a larger sample size be used in future studies.

As mentioned before, it is difficult to define physical fithess. Assigning a single score
from the five components of physical fithess could serve as a recommendation for

future studies.

Associations were found between physical fithess and academic scores in children
and in adolescents. In the case of university students the association did not appear
to be as strong. It can be recommended that future studies track the association
between academic performance and the components of physical fithess from
childhood to adulthood.

116



The majority of comparable studies are cross-sectional and correlational in design. It
is recommended that controlled intervention studies be undertaken in future to

isolate cause and effect.
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APPENDIX A: Informed consent form

“Does a relationship exist between physical fithess and academic performance
in university students?”

Dear participant
PURPOSE:

| am currently enrolled as a student at The University of Pretoria for the MA(HMS)
degree. | am conducting a research study on “Does a relationship exist between
physical fitness and academic performance in university students”. This research will
assist the University to provide an environment for students to maximise their
chances of academic achievement.

PROCEDURES:

Voluntary participants will be tested in order to gather research data. The testing will
take approximately an hour at a time during the first week of January, May and
October 2014. The participants must wear comfortable clothes for testing. Testing
will take place in a controlled environment. The five health-related components of
fithess will be measured using the following tests:

1. Cardiovascular endurance — Cardiovascular endurance is a physiological
aspect with the ability to carry out dynamic exercise at moderate to high intensity,
for prolonged periods at a time. Cardiovascular endurance will be measured
using the Harvard step test. The Harvard step test requires the individual to step
up and down a bench to the sound of a metronome. The metronome is set at a
rhythm of 30 steps per minute. Male students will make use of a 50 cm box
whereas female students will make use of a 40 cm box. After 5 minutes for males
and 4 minutes for females the participant sits down immediately. Heart rate is
recorded at the 1%, 2" and the 3" minute after the work has stopped.

2. Flexibility — Flexibility is the ability to move a joint through its complete range of
motion. Flexibility will be measured using the sit and reach test. The participant
sits with his/her back against the wall and his/her legs fully extended in front of
him/her. Arms are extended forward with the one hand on top of the other. The
participant leans as far forward as possible, keeping his/her legs flat on the floor
and holding that position for 2 seconds.

3. Muscular strength — Muscular strength refers to the external force that can be
generated by a specific muscle or a muscle group. Muscular strength will be
measured using the handgrip dynamometer. The participant stands upright with
the elbow bent at a 90 degree angle. The shoulder must be adducted and
neutrally rotated. The forearm is in a neutral position and the wrist extended from
0—30 degrees. The participant is required squeeze the dynamometer as hard as
possible. There will be three trials for each hand.

4. Muscular endurance — Muscular endurance is the ability of a muscle group to
execute repeated contractions over a period of time sufficient to cause muscular
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fatigue. Muscular endurance will be assessed using the minute sit-up test. The
participant lies on his/her back with his/her knees bent. The fingers must be
interlocked behind the neck with the hands touching the mat. Another person will
hold the participants ankles. The participant must perform as many sit-ups as
possible in a minute.

. Body composition — Body composition is used to describe the percentage of fat,
bone and muscle in human bodies. Body composition will be measured using the
Heath and Carter Somato-type method. A tape measure, skinfold calliper,
spreading calliper, a weighing scale, and a stadiometer is needed for the
measurements. The following measurements will be taken:

e Height — The participant stands with his/her heels, buttocks, and upper back
touching the stadiometer. The heels must be together, and the head should
be in the Frankfurt plane (orbitale and the tragion should be in the same
horizontal plane). When the participant is instructed to inhale, the recorder will
lower the head board firmly on the vertex. The measurement is taken before
the participant exhales.

e Weight — The participant stands on the centre of the scale with his/her feet
distributed evenly.

e Tricep skinfold measurement — The participant stands upright in the neutral
position, with the right arm relaxed. The measurement is taken between the
acromion and the radiale parallel to the long axis of the arm.

e Subscapular skinfold measurement — The skinfold measurement is taken
with the fold running laterally and obliquely downwards at a 45 degree angle.

e Bicep skinfold measurement — The skinfold measurement is taken on the
anterior surface of the arm at the level of the mid-acromiale-radiale landmark,
parallel to the long axis of the arm.

e Supra-iliac skinfold measurement — The measurement should be taken
with the participants arm placed across his/her chest and is measured
horizontally at the lliac crest skinfold site.

e Medial calf skinfold measurement — The participants right foot is placed on
a box, with the knee bent at a 90 degree angle. The skinfold measurement is
taken at the most medial part of the calf with the fold being parallel to the long
axis of the leg. The measurement will be taken at the level of the maximal
girth.

e Calf circumference measurement — The participant stands with his/her feet
shoulder width apart, weight evenly distributed. The tape measure is placed
around the maximal girth of the calf and recorded.

e Contracted arm circumference — The arm is flexed at a 90 degree angle
and is raised anteriorly to the horizontal. The tape measure is placed around
the largest part of the biceps brachii. The circumference measurement is
taken when the participant contracts his/her arm.

e Waist circumference — The participant stands with his/her arms folded
across the thorax, breathing normally. The measurement is recorded at the
end of expiration at the smallest circumference of the abdomen.

e Hip circumference — The participant assumes a relaxed standing position,
with the feet together, the gluteal muscles relaxed and the arms folded across
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the thorax. The measurement is recorded at the level of the greatest posterior
circumference of the buttocks.

e Humerus diameter measurement — The participant bends his/her elbow at a
90 degree angle. The measurement is taken at the most medial aspect of the
medial humeral epicondyle and the most lateral humeral epicondyle.

e Femur diameter measurement — The measurement is taken on the most
medial aspect of the medial femoral epicondyle and the most lateral aspect of
the lateral femoral condyle. This measurement is taken with the participants
right leg flexed at a 90 degree angle. The foot can be resting on the floor.

6. Semester marks — Academic performance will be measured by taking the
participant’s cumulative weighted average.

7. AP score — The researcher will make use of the participants matric Admission
Point Score.

8. Health status screening — The participant will complete Belloc and Breslow’s
Lifestyle questionnaire as it is considered a valid and an acceptable measure of
health status.

9. Socioeconomic status — The participant’'s mothers highest education achieved
will be used to represent the participants socioeconomic status.

RISKS AND DISCOMFORTS:

The risks involved in this study could include, but are not limited to, muscle pain,
muscle stiffness, fatigue, dizziness, and in rare instances heart attack, stroke or
death.

BENEFITS:

Through the tests the participant will be able to determine how each of their
components of fitness (including cardiovascular endurance, muscle endurance,
muscle strength, flexibility, and body composition rate).

CONFIDENTIALITY:

All information will be kept confidential thus ensuring that only the researcher, the
supervisor, the statistician and the university authorities will know how he/she has
performed. All test results will be destroyed should the participant decide that no
further participation is required. Only the University of Pretoria, the participant, and
the researcher will have access to the research data. The data will be stored for 15
years at the Institute for Sport Research and may be used for further research,
writing articles or presentations at conferences.

Take note that the participant’s participation is voluntary and that you are not being
forced to take part in this study. The choice of whether you participate or not, is
solely in your hands. However, it will be appreciated if you share your thoughts with
the researcher. Although you agree to participation, you retain the right to withdraw
from participation in the study at any time, without negative consequences.
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(full name of participant),

have read the above and have been informed of the procedures, requirements,
benefits and risks of participating in this research project.

| hereby also grant permission to participate in this research study, and that I will not
withhold any information that may be of importance to the researcher. | hereby also
grant the researcher permission to use my data of my participation in this study and
that my results may be used for publication and/or presentation purposes, with

anonymity ensured.

Signature of participant

Signature of witness

Signature of researcher

Date

Contact telephone number:

Email address:

Researcher’s contact details

Miss Danielle Steenkamp [1295004]
PO Box 32816

Waterkloof Glen X3

0010

Tel: 083 333 65 88

Fax: 012 420 6099

E-mail: danielle.steenkamp@up.ac.za
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APPENDIX B: Indemnity form

I, the undersigned, hereby declare and agree as follows towards the Institute for
Sport Research (hereinafter referred to as the ISR) at the University of Pretoria
(hereinafter referred to as the “UNIVERSITY?):

1. | wish to participate in this research project. | realize that my participation in
such a project involves risks of injury, including, but not limited to musculoskeletal
injury, abnormal blood pressure, fainting, irregular, fast, or slow heart rhythm, and in
rare instances, heart attack, stroke, or death. | realize that there are many other risks
of injury, including serious disabling injuries that may arise due to my participation in
such a project, and that it is not possible to specifically list each and every individual
injury risk. However, knowing the material risks and appreciating, knowing, and
reasonably anticipating the other injuries and even risk of death, which could occur
by reason of my participation in the project, | abide by and submit myself herewith to
the applicable conditions and regulations of the ISR at the UNIVERSITY, which shall
include but not be limited to the conditions and regulations pertaining to the ISR
and/or the UNIVERSITY’s facilities and services such as evaluation, and general use
of the ISR and/or the UNIVERSITY’s facilities and equipment

2. | herewith indemnify and hold harmless the UNIVERSITY against all claims
instituted by myself or my family, resulting from any loss, damage, injury or death,
which | may sustain as a result of the use of the ISR and/or the UNIVERSITY’s
facilities and/or participation in the project.

3. | understand that my participation in this research project at the ISR shall be
at my own risk and that this indemnity includes all employees and subcontractors of
ISR and the UNIVERSITY.

4. | have an opportunity to ask questions. Any questions | have asked have been
answered to my complete satisfaction. | subjectively understand the risks | voluntarily
choose to participate, assuming all risks of injury or even death due to my
participation.

5. The information that is obtained will be treated as confidential, and the ISR
has undertaken not to release or reveal such information to any person, except for

the researcher and research department, without my consent. The information
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obtained may be used for statistical analysis or scientific purposes with my right of
privacy being retained.

6. | hereby declare that all information regarding my health and which may
cause a health risk have been disclosed to the UNIVERSITY and accept the clause
regarding the use and archiving of my medical records.

7. | have read the abovementioned information before signing below and fully

understand the contents, meaning and impact thereof.

Name of prospective participant

Signature of prospective participant

Signed at on this day of 2014
Contact number: Email:
Witness:

Tel: +27 12 420 6033
Fax: +27 12 420 6099
www.up.ac.za
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APPENDIX C: Par-Q form

YES

NO

QUESTION

Has your doctor ever said that you have a heart condition and that you
should only do physical activity recommended by a doctor?

Do you feel pain in your chest when you do physical activity?

In the past month, have you had chest pain when you were not doing
physical activity?

Do you lose your balance because of dizziness or do you ever lose
consciousness?

Do you have a bone or joint problem (for example, back, knee, or hip) that
could be made worse by a change in your physical activity?

Is your doctor currently prescribing drugs (for example, water pills) for
blood pressure or a heart condition?

Do you know of any other reason why you should not do physical activity?

If you answered yes to one or more questions:

Talk with your doctor BEFORE you start becoming much more physically active, or before you have a

fitness appraisal. Tell your doctor about the PAR-Q and which questions you answered YES

If you answered no to one or more questions:

If you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can take

part in a fitness appraisal

“I have read, understood and completed this questionnaire. Any questions | had, were answered to

my full satisfaction”
NAME:
SIGNATURE:
DATE:

WITNESS:
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APPENDIX D: Belloc and Breslow Lifestyle Questionnaire

Please mark the following statements in the applicable space with an “X” that

indicates your current lifestyle habits

YES NO QUESTION

Do you eat three meals a day at regular times with no snacks in between?

Do you eat breakfast every day?

Do you participate in moderate exercise two or three times a week?

Do you get 7 to 8 hours sleep at night?

Are you a non-smoker?

Do you maintain a moderate body weight?

Do you consume little or no alcohol?
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APPENDIX E: Participant’s feedback report
GENERAL PHYSIOLOGICAL ASSESSMENT

Test Date: Researcher: Danielle Steenkamp
Name:
HEALTH SCREENING QUESTIONNAIRE
DATE TEST 1: JANUARY 2014 TEST 2: MAY 2014 TEST 3: OCTOBER 2014
LIFESTYLE | (Unhealthy / Moderate / (Unhealthy / Moderate / (Unhealthy / Moderate /
CATEGORY Healthy Lifestyle) Healthy Lifestyle) Healthy Lifestyle)

ANTHROPOMETRY AND BODY COMPOSITION

Anthropometry is the process of measuring physical dimensions of the human body. These
measurements provide indirect estimation of a person's body composition. Sheldon's morphological
classification includes the ectomorph, the mesomorph, and the endomorph. An ectomorph is a
slender person with a light frame, the legs and arms are slender long, and the muscle tissue has little
definition. A mesomorph is an athletic-looking individual with broad shoulders, narrow hips with
predominant muscle tissue. An endomorph is a thick individual; the arms and legs are short,
compared with the torso, while the chest and waist are about the same size. Of importance is that
excess body fat serves no useful function and represents only extra weight to be carried around.
Excess fat is associated with hypertension, Type 2 diabetes, stroke artery disease, and

hyperlipidemia. Body composition is thus an important aspect of fithess or physical activity

Jan-14 May-14 Oct-14
STATURE
(cm)
WEIGHT (kg)
BODY MASS INDEX
FAT PERCENTAGE % % %

BMl is the relationship between height and weight providing us with an indication of your body
composition. BMI can be improved through regular exercise and a controlled healthy eating planning.
This will result in a decrease in your weight.

Body fat percentage refers to the percentage of your body weight that is fat tissue. Your genetic
make-up and lifestyle largely determine your body fat and body composition. Excess body fat is

associated with many chronic diseases. A very low body fat, however, is not necessarily healthy.

NORMS - BODY MASS INDEX (BMI)
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity - | 30.0-34.9
] 35.0-39.9
1] >40
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NORMS - BODY FAT PERCENTAGE

PERCENTILE RATING MALES FEMALES
90 EXCELLENT 7.1 14.5
80 9.4 17.1
70 GOOD 11.8 19
60 14.1 20.6
50 AVERAGE 15.9 22.1
40 17.4 23.7
30 POOR 19.5 254
20 22.4 27.7
10 EXTREMELY 25.9 32.1

BAD

FLEXIBILITY: Sit-and-Reach Test

An important component of muscular performance is flexibility. Flexibility refers to the range of
movement of a joint or the range of movement of a group of joints. Flexibility is specific to each joint
which implies that being flexible in one joint does not indicate that there will be high flexibility in

another joint

DATE Measurement
Jan-14
May-14
Oct-14

NORMS - FLEXIBILITY

PERCENTILE MALES FEMALES
99 62.7 53.3
95 48 49
90 43.7 45.5
80 43.2 42.4
70 40.1 41.1
60 38.1 40.1
50 36.6 37.6
40 34.3 36.8
30 33 34.8
20 295 32
10 234 25.7
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MUSCLE STRENGTH: Handgrip DynanometerTest

Muscular strength refers to the force or tension that a muscle, or muscle group is able to exert in one

maximal contraction against a resistance

NORMS — MUSCLE STRENGTH

>/=115

104-114 63-69

95-103 58-62
84-94 52-59
</=83 </=51

MUSCLE ENDURANCE: One minute sit-ups

Muscular endurance is defined as the muscle or muscle groups ability to perform repeated

contractions for a lengthened period of time against a light load.

NORMS - MUSCLE ENDURANCE

>55 >51
52 49
47 44
45 41
42 38
40 35
38 32
35 30
33 27
30 23

<27 <18
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CARDIOVASCULAR ENDUARNCE: Harvard Step Test

One of the most important components of physical fitness is cardiovascular endurance (Heyward,

2006), also referred to as cardio-respiratory endurance (Plowman & Smith, 2014), aerobic power or
endurance fitness (U.S. Department of Health and Human Services, 1996). Cardiovascular
endurance is a physiological aspect (Lindwall et al., 2012) with the ability to carry out dynamic

exercise at a moderate intensity for prolonged periods at a time.

NORMS - CARDIOVASCULAR ENDURANCE

“Thank yow for faking the fume fo- parficeparte cin
s research study. | hope yow learndt something
valuable along the way. Good luck with your
Siture endeayvors’”
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