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Presented to the Australian National University College of Medicine, Biology and 

Environment 

 

 September 13, 2011. 

 

This Report presents the first outcomes from research carried out in Canberra, 

Australian Capital Territory, Australia between 2005 and 2009.  

 
 
 
This report addresses two basic issues. Firstly it investigates the relationships between physical 
activity, fitness and adiposity with a variety of physical and psychological characteristics that 
contribute to the development of primary school children. Secondly it compares the effect of 
physical education delivered by visiting specialist physical educators relative to current practice 
physical education delivered by classroom teachers. 
 
The report is presented as a series of stand-alone chapters in a format similar to that required 
for submission to international science and medical journals. It represents the sixth of eight 
stages of the LOOK research, following the design, approval, measurement, analyses, and 
interpretation stages. To follow is the journal submission and peer review, then finally 
dissemination through the public media. 
 
The authors present this report in good faith that public communication will only proceed 
following publication in peer-reviewed international journals. 
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Why LOOK? 

 

Quality of Life throughout Life: is early 
preparation necessary? 
 
We are into the second decade of the 21st century. We 
human beings are living longer as we learn more about the 
cause, diagnosis, spread and treatment of disease. Many 
of us retire at age 65, the life expectancy in developed 
countries of only 4 decades ago, but at 65 years nowadays 
we have more than two more decades to enjoy life.  
 
Quality of life is a well used term in reference to people in 
their last two decades. It requires health of mind and 
body; the clarity of mind and physical fitness to interact 
purposefully and happily with friends and family, and for 
many, the ability to continue to contribute to society. 
What characterizes quality of life certainly varies among 
individuals, but whatever it is, it will always fit nicely under 
the two subheadings of happiness and dignity. 
 
But the Lifestyle of our Kids Study, the LOOK study, is 
obviously a study of youngsters. Why then begin by 
discussing the last couple of decades of our lives? The 
answer is because it is the last couple of decades of human 
life that kicked off the idea for this study. Might quality of 
life in adulthood and old age be programmed to a large 
degree by what we do as kids? Might the way we move 
and think as a 75 year-old depend to a large degree on 
how we moved and thought when our body and mind 
were part of the rapid and intimate development that took 
place during the first decade of our lives? Might our fitness 
and happiness in our last decade be determined to some 
degree by how fit and happy we were in our first decade?   
 
If quality of life does “track” positively through life, we 
could conjure up potential mechanisms. We might refer to 
the plasticity of nerve and muscle in the developing child, 
these tissues growing and responding to early challenges 
and stresses imposed by our environment, with 
adaptations during this period carrying over to 
adolescence and adulthood. Moreover, activities which 
promote coordination of mind and body may well promote 
mutual benefits to their development; after all, nerve and 
muscle cells are constantly “talking to each other”,  looking 
to each other for guidance.   
 
The influence childhood experiences have on nerve and 
muscle are indicated by the indelible thoughts and semi-
automated movement patterns that become imprinted for 
life during our childhood; physical and cognitive processes 
once classified independently such as learning to crawl and 

learning to speak are now well known to be 
interdependent.  
 

Child-play: Does it really need to be 
active? 
 
Physical activity in the form of play is an important part of 
infantile mammalian development, and young human 
beings are no exception. Like puppies, our kids naturally 
seek out play. But times have changed. Play is different 
these days. A vast number of children these days wouldn’t 
know what it is like to play out in the street or the park 
until it gets dark until that inevitable moment when they 
are called in (repeatedly) for dinner. Children nowadays 
are more likely to settle down happily on their own to play 
their computer games before strolling over to have dinner 
in front of the TV news program.  
 
It’s not that modern children don’t want to play outside; 
it’s just that they are encouraged to play inside where their 
modern parents deem it safer.  Children possess an inbuilt 
desire to run, jump, hit, throw, catch, climb, swim and 
cycle. Part of this love of physical activity is the stimulation 
and enjoyment provided by the competition, 
collaboration, and teamwork that accompanies the 
physical activity. Just watch young children in a 
playground, exploring the apparatus, interacting with 
other children, sometimes competing, sometimes 
cooperating. It’s all part of learning about the world. But it 
may well be that the psychological stimulation is enough 
for many children.  If the opportunities aren’t there for 
physical activity, then despite an innate love of active play, 
might the mind-play involved in computer games, movies, 
and the internet satisfy and then displace the desire for 
physical activity? It well might. But there’s a problem. 
 

If evolution only had a crystal ball... 
 
We humans aren’t well-equipped to be inactive; 
maintaining our health and well-being is activity 
dependent. Use of our muscles is intimately linked in with 
our health, psychological as well as physical.  
 
One dramatic illustration of this is that to avoid an early 
grave we human beings need to maintain a blood sugar 
level within a certain range of concentration.  We have 
inherited a system of glucose supply to the blood stream 
that is almost failsafe with plenty of back-up insurance if 
part of the system breaks down.  A myriad of hormones 
from the thyroid, adrenal and pituitary glands, and 
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pancreas are all on the ready to stimulate increased blood 
glucose concentrations should this be under any threat. In 
any solid design where maintaining a certain range rather 
than a minimum level of anything is vital, one would 
expect that the backup and list of hormones reducing 
blood sugar concentration might be similar in number to 
the that increasing blood sugar. Unfortunately that isn’t 
the case and we have effectively just one; insulin is in 
effect the one hormone we are able to manufacture 
ourselves to correct life-threateningly high blood sugar 
levels. How did such a design blunder happen?  
 
The explanation is clear. All through the vast periods of 
human evolution, physical activity has been a given; a day 
to day occurrence. Physical activity for hundreds of 
thousands of years has been our fail-safe blood glucose 
clearance factor, keeping blood sugar under control 
through stimulating uptake into muscles, cooperating 
alongside insulin, modifying the activity of those hormones 
which increase blood glucose to maintain the narrow 
range compatible with health and life. Take away or 
severely reduce human physical activity and we are left 
with only insulin to supply the down-regulation aspect of 
blood glucose balance.  
 
Our creator was caught by surprise. It was never thought 
possible that one day physical activity might assume 
anything less than an integral aspect of human existence.  
In essence, we’ve got too smart for our own boots, so to 
speak. Inventing machines to do the physical work for us 
seems like a good idea, but without physical activity, 
insulin, like superman in the presence of Kryptonite, loses 
its power. Without physical activity we become less 
sensitive to insulin, so to remove a given quantity of 
glucose into the liver or to the muscles without the help of 
physical activity, we need more insulin. When muscles are 
chronically uncalled on, they feel unwanted, and get 
weaker. They also forget how to help insulin do its thing, 
and we become “insulin resistant”. Insulin resistance is a 
precursor to what is probably our greatest threat to quality 
of life in modern times and an underlying basis of organic 
dysfunction from our toes to our brains, Type 2 diabetes.   
 

Do growing children really need 
exercise to be healthy?  
 
The big question though is whether physical inactivity in 
childhood really does have any impact on the health of the 
child or on the health of that child in later life.  After all, 
Type 2 diabetes is still uncommon in children. Might the 
energy demand and processes involved in growth and 
development override the potentially negative impacts of 
physical inactivity? Might rapid growth and changing 
endocrine activity render children, who are now taller and 
heavier than ever before (with more muscle, bone and 
fat), immune to the effects of physical inactivity? Might 
any ill-effects of physical inactivity only emerge later in 
adult life? The answer to these questions is still not clear, 
but we are on a steep learning curve.  
 

Evidence 

To answer those questions we require longitudinal studies. 
We need to monitor the physical activity, health and 
development of children as they live their lives into 
adulthood and old age.  We need to study the impact of 
physical activity and the lack of it on maintenance of our 
structure, and physical and psychological function and 
therefore on quality of life in old age.  
 
The LOOK study is one such study of many large 
longitudinal projects being undertaken around the world 
that promise to add to our knowledge and provide solid 
evidence on which sound decisions can be based to 
improve quality of life throughout all our years on this 
planet. 
 
Hand in hand with childhood physical inactivity as a 
potential risk to health in later life are two other potential 
risks to health. One is poor quality nutrition; deficiencies of 
micronutrients are well known to lead to cellular 
dysfunction. The other is excess body fat and obesity. 
Much is said about obesity and the impact of overloaded 
fat cells on our health. Despite the extraordinary publicity 
accorded to fatness and obesity in children and adults 
alike, the independent mechanisms of being overweight 
are still not as readily explained as the impact of physical 
inactivity. Given that obesity goes hand in hand with a lack 
of fitness and physical inactivity this issue is largely 
academic.  
 
Any study investigating the impact of physical inactivity on 
human function needs to measure the impact of 
nutritional intake and body fat as well. Firstly, it is of great 
interest whether these factors are directly related to the 
physical and psychological health of children.  Secondly, if 
we are to explore the independent effect of physical 
activity, we need to account for any effect that adiposity  
or nutrition may impose, either or both of which may 
confound the relationships between physical activity and 
health. Of course, any study that purports to investigate 
the effects of obesity and which  fails to control 
experimentally or adjust statistically for the effects of 
physical inactivity, is potentially providing misinformation. 
Unfortunately there have been many. 
 
Another problem that has concerned our research team 
relates to the use of body mass index BMI, body weight 
(kg)/height (m) squared, as an index, or surrogate, of 
adiposity. The numerator, body weight obviously includes 
fat mass as well as lean mass, and whilst BMI might be 
roughly proportional to percentage of body fat (%BF) in 
adults and even across a sample of same aged children, it 
is simply not appropriate. As discussed elsewhere in this 
report, and reproduced here, between the ages of 8 to 10 
to 12 years old, BMI of both boys and girls increases 
linearly, but %BF between the ages of 10 and 12 flattens 
right off.  Clearly changes in body proportion of growing 
children are confounding the issue, BMI may be easy and 
convenient but its use in longitudinal studies may provide 
misinformation. 
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There are numerous studies involving repeated 
measurements in children being carried out in many 
countries around the world.  The very large scale 
population studies have the advantage of increased 
statistical power through weight of numbers, but the 
disadvantages of relying on subjective measures and a 
restricted range of measures. The older studies, those 
which were initiated many years ago have the advantage 
of being better able to report tracked changes, but do not 
have the advantage of recent developments in technology, 
such as pedometers and accelerometers to objectively 
measure physical activity.  Each study requires its own 
specific care in making inferences, but most studies have 
something to offer our understanding of the role of 
physical activity as a tool of preventative medicine. As the 
American College of Sports Medicine has described it 
“Exercise is Medicine”. It’s just that we haven’t really 
proved it well enough in our children as yet to convince 
policy makers; and we don’t really know enough about the 
dose. 

 
The LOOK study, initiated in 2005, is neither an “old’ study 
nor a particularly large one in that there are only about 
850 original participants. Its most unique characteristic is 
the great breadth of measurements. The multi-disciplinary 
approach in involving research teams in fields of 
cardiology, psychology, motor learning, skeletal health, 
exercise physiology, nutrition, pedagogy and social studies 
was two-fold. Firstly it was to promote a more balanced 
approach to measuring the health, well-being and 
development of the child and secondly it was to facilitate 
statistical “control” by being able to account for the effects 
of potentially confounding variables.  
 

Teamwork 
 
Of foremost importance to LOOK was our requirement to 
view a child’s health and development from as many 
angles as possible. The premise was that if we measured a 
variety of important physical and psychological 
characteristics we would be in a better position of overall 
experimental control and better able to explain each 
individual characteristic. For example, we would more 
likely do a better job of explaining why some children are 
more active than others if, along with measuring their 
physical activity as objectively as possible, we were able to 
measure their body composition, their fitness, and their 
attitude and parents’ attitude to physical activity.  
  
A multi-disciplinary approach was required and that 
required teamwork. Multidisciplinary longitudinal requires 
a concerted approach from similarly motivated groups and 
individuals, a willing cohort of typical Australian children; a 
collaborative partner in the government; and cooperation 
of school principals and teachers. We needed a team of 
researchers in a variety of areas all keen to share their 
work in an interdisciplinary approach; nurses, 
cardiologists, radiologists, psychologists, exercise 
scientists, educationists, nutritionists and the professional 
confidence that accompanies experienced staff in a 
hospital setting for some of our measures. And right from 
the start we needed a statistician right in the middle of our 
research team, not just as a consultant to help make sense 
of the numbers at the end of the study, but to assist with 
design, control and evaluation of the measurements. 
 

LOOK is a quasi-experimental study, not 
a survey 
 
There have been many comments to LOOK researchers 
about the nature of our “survey”. LOOK is not and was 
never intended to be a survey. This study was intended to 
be investigative; to provide evidence and insights into the 
interactions between lifestyle and health in childhood and 
beyond.  
 
However this was not enough in itself. Despite our study 
shaping up as one of the most comprehensive longitudinal 
studies of children, another factor needed particular 
attention. Over recent decades, during which children 
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were found to be less physically active and becoming 
fatter, specialist physical education in primary schools was 
in continuing decline. The current writer  recalls well that 
in the 60’s and 70’s specialist physical education was an 
important part of primary school education in most states 
of Australia, but now classroom teachers are tasked with 
providing daily physical education. With all the other 
curriculum challenges to overcome, and usually with very 
limited training in physical education, it is not surprising 
that classroom teachers found it difficult to provide the 
kind of physical education most educators believe should 
assume an important role in primary school. 
 
If our focus of attention on physical inactivity did turn out 
to play an important role in health and development in 21st 
century children, then we needed to investigate whether 
physical education delivered by specialists made any 
difference. 
 
This formed a primary focus of our attention and an aspect 
of LOOK that differentiates it from many other 
observational studies is the inclusion of what we might call 
an “intervention” of physical activity. In one way we might 
best refrain from referring to the Bluearth Physical Activity 
Program as an “intervention” as it is an alternative form of 
physical education with objectives that would sit nicely 
within any primary school curriculum. As you will see 
throughout this report we refer to the current practice of 
classroom teacher conducted physical education as the 
“control”. In LOOK we investigate the effects of the 
Bluearth Program as positive only if its effects exceed that 
of the current program. In one way that’s a bit unfair, 
because one might suggest that a lack of effect of the 
Bluearth program is a “failure” when in fact both the 
Bluearth and the classroom teacher programs may have 
been successful. Nevertheless, the Bluearth Foundation, to 
their credit was prepared to “put their money where their 
mouth was”; they provided the program and the teachers 
free of charge for the LOOK project.   
 

Introduction to the Bluearth Program 
 
Some years ago, I received a phone call from Malcolm 
Freake, a successful Australian businessman now operating 
out of London. Malcolm was interested in helping others 
to get the same benefit from sport and physical activity as 
had helped him do so well in the business world. Our 
conversation was the genesis of the Bluearth Foundation, 
Malcolm Freake has been the patron of this not for profit 
organization for more than a decade.  
 
Given the relative demise of physical education in schools, 
the Bluearth Foundation set its sights on a program that 
could be delivered into schools where, in theory, no child 
would be left out.  A physical activity based program was 
developed over several years by a team of human 
movement and physical education specialists led by 
exercise scientist Mark McGrath and sports psychologist 
Jeff Symons, both experienced not only with physical 
education but also in international sport through the 
Australian Institute of Sport and Tennis Australia (Mark) 

and Athletics Australia (Jeff). The emphasis of the physical 
activity program was on enjoyment and inclusion for all 
children, irrespective of size, fitness or coordination; with a 
de-emphasis on direct competition and traditional sport. 
The hope was that a positive experience in primary school 
would flow on to adolescence and adulthood to set up a 
lifestyle where physical activity becomes a fundamental 
component of everyday life. 
 
Potential LOOK researchers benefitted because Bluearth 
was keen to supply the project with an intervention; with a 
view to the program evolving further with the help of 
research findings of strengths and weaknesses. Three full 
time Bluearth “coaches” (as Bluearth refers to their team 
of physical educators) were required by the project and 
provided. Each coach was a trained physical education 
specialist with further training in Bluearth philosophy and 
practice.  
 
We were also extremely fortunate that an organization in 
the United Kingdom shared the research team and 
Bluearth’s enthusiasm to discover more about the role of 
physical activity in child development. The Commonwealth 
Institute (now Commonwealth Education Trust) had been 
set up in the 19th century to enhance educational 
opportunities for children in Commonwealth countries. 
This organization recognized the diminished role of 
physical education in the primary school setting as a 
potential hindrance to the overall education process 
applied to children in many Commonwealth countries and 
viewed an analysis of physical education through the 
Bluearth Foundation as a project well worthy of support. 
 

The Lifestyle of our Kids (LOOK) study 
 
The Research Director was appointed, and a submission of 
a research plan called The Lifestyle of our Kids (LOOK) 
study was approved. Canberra was considered a most 
appropriate city in which to conduct the research, given its 
ease of commuting between schools. Furthermore there 
was great interest in the study from staff at the ANU, 
particularly from the Professor of Psychology Don Byrne, 
and Associate Professor Marc Budge, then Director of 
Geriatric Medicine at The Canberra Hospital, the teaching 
hospital of the newly formed Medical School at the 
Australian National University. A third person was also a 
keen driver of the early stages,  statistician and Adjunct 
Professor Ross Cunningham with whom I had enjoyed a 
close working research relationship during my days at the 
Australian Institute of Sport. Other early and helpful advice 
came from several sources, including Dr Ken Tallis, then 
acting Director of the Australian Institute of Health and 
Welfare in Canberra, Dr Jonathan Shaw of the 
International Diabetes Institute in Melbourne and Drs 
David Pyne and Philo Saunders at the Australian Institute 
of Sport. Then CEO of the Australian Sports Commission, 
Mr. Mark Peters was also an enthusiastic supporter of the 
project and recognized the potential benefits of its 
outcomes to sport as well as physical education. 
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Ethics Approval 
 
The study was approved by the ACT Department of 
Education and Training, the Australian Institute of Sport 
Ethics Committee and the ACT Health Committee for Ethics 
in Human Research.  All but one of 31 invited principals in 
primary schools accepted the invitations and in the final 
school term of 2005 the baseline measurements got 
underway. 
 

This document reports on the outcomes after four years, 
the primary school phase of LOOK. 
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THE LOOK INTERNATIONAL ADVISORY COMMITTEE 

 
The Research Director was asked to nominate a panel of 
eminent researchers as a group that would be able to 
provide advice on the scientific method and administration 
of the LOOK project.   
 
The initial Committee comprised Professor Donald 
McIntyre (Cambridge University, UK), Professor Timothy 
Noakes, (Cape Town University, South Africa), Associate 
Professor Heather Mackay (University of Vancouver, 
Vancouver, Canada), Mr. Mark Peters (Australian Sports 
Commission, Bruce ACT, Australia), Professor Steven Blair 
(University of South Carolina, USA), and Mr. Malcolm 
Freake (Bluearth Institute, Melbourne Vic, Australia). The 
Research Director also acknowledges the willing support  
 

 
 
offered by Professor Terry Dwyer (Murdoch Institute, 
Melbourne, Victoria). We were also privileged to have 
Professor Chris Riddoch (School for Health, University of 
Bath) and Professor Gordon McLeod (then Aga Khan 
University) joined the team over the latter two years of 
measurement.  
 
We sadly report the passing away of Professor McIntyre 
midway through the LOOK project. In the early days I had 
the great privilege and pleasure of many enjoyable 
discussions at Cambridge University as to how LOOK 
research should proceed, as well as some delightful 
discussions of his love of golf. Donald was a very fine 
scholar with a most fertile and creative mind. We miss 
Donald and trust that he might have approved the 
published studies to date and the current Report. 
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METHODOLOGY 

 
 
The primary aim of the Lifestyle of our Kids (LOOK) study is 
to investigate relationships between (a) physical activity in 
general, and (b) an externally provided specialist physical 
education program in schools, on physiological and 
psychological health and development in young children. 
Importantly, this controlled longitudinal and multi-
dimensional study will provide a high level of scientific 
evidence upon which sound conclusions may be drawn 
with regard to optimizing the health and development of 
Australian children.  

THE LOOK STUDY IS BASED AROUND TWO 

HYPOTHESES:  

 
(a) The quantity and quality of physical activity over four 
years in a cohort of children initially aged 7-8 years will 
influence psycho-physical health and development; and 
 
(b)  Compared with existing practices in primary schools, a 
physical education program administered by visiting 
specialist staff will enhance psycho-physical health and 
development, and lead to a more positive perception of, 
and participation in physical activity.  

BASIC STRATEGY, DESIGN AND MEASUREMENTS 

 
The LOOK study in its entirety is a multidisciplinary study 
involving several institutions. Our investigations include 
cardiovascular structure and function, blood risk factors 
for degenerative disease, physical fitness, bone mass and 
structure, body composition including body fat, family 
influences and medical history, motor control, and 
nutritional intake (Figure 1). We will also investigate 
relationships between physical activity on academic 
performance. While this longitudinal study, ending in 
2009, at age 11-12 years of age, is complete in itself, the 
current project sets up an opportunity for ongoing 
monitoring into later life. 
 
Children (n=853) aged 7-8 were recruited from primary 
schools in Canberra, which were selected from outer 
suburbs with average household income approximating 
the mean for Australian city dwellers. The location of 
schools is shown in figure 2 
 
In relation to hypothesis (a) we will examine longitudinal 
data that will allow us to develop relationships between 
physical activity and the health and development variables 
from all children. In relation to hypothesis (b) we randomly 

divided 30 schools into control (n=400 children) and 
intervention groups (n=430 children), the latter number 
being higher to account for potential losses of intervention 
data if children transfer to non-intervention schools. The 
intervention group receives the externally administered 
physical education program (Bluearth), two classes of 50 
minutes being provided as part, not in addition to weekly 
physical education. The control schools continue with their 
normal physical education, taken by the class-room 
teachers. The timing of LOOK measurements are shown on 
page 17.  
 

 

 
 

Figure 1 LOOK Study Components 

 

THE MEASUREMENTS 

 
(1) Cardiovascular structure and function 

Endothelial dysfunction is an early event that predisposes 
individuals to formation of atherogenic plaques and 
increased stiffness of the carotid artery, and has already 
been found in children. Two sets of measures will be 
undertaken to characterize the vascular structure and 
function of the children using cardiac and carotid echo 
measures, as well as pulse wave analysis measures.  
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Cardiac parameters are then measured off-line according 
to the American Society of Echocardiography guidelines1 2.  
 
Pulse wave analysis is employed to capture the radial and 
carotid pulse wave forms and derive measures of aortic 
stiffness (e.g. augmentation index) and left ventricular 
function. Methods are modifications of those previously 
outlined3. 
 

(2) Blood markers of degenerative diseases 

Indicators of risk of cardiovascular disease and type 2 
diabetes are assessed from blood samples taken from a 
forearm vein in a standardized sitting posture, following 
overnight fasting. Phlebotomy is performed at the school 
by nurses experienced with blood collection from children. 
Standard blood markers being measured include plasma 
glucose, glycated haemoglobin and serum concentrations 
of HDL and LDL cholesterol, triglycerides, and insulin. We 
are also measuring plasma concentrations of C-reactive 
protein, homocysteine, and uric acid. In addition blood is 
being stored for future measurements. All measures are 
performed in the Pathology Department Laboratories at 
The Canberra Hospital.  
 

(3)  Psychological Influences on Lifestyle and Health  

We are investigating (a) the influence of psychological 
factors on children’s engagement in a structured 
movement education program, (b) the effect of that 
program on mood and the development of a positive body 
image, and (c) the interactive effect of both psychological 
factors and engagement in structured physical activities on 
the overall development of health facilitative or health risk 
behaviors and attitudes. 
 
Various instruments are involved in the assessment and 
include The Children’s Stress Questionnaire – CSQ and The 
Children’s Body Image Scale – CBIS (both developed for the 
LOOK Study by co-author Byrne), The Positive and 
Negative Affect Schedule (PANAS modified for children by 
Byrne), The Children’s Depression Inventory – CDI4, and 
The Self-Description Questionnaire (SDQ) for self-esteem – 
short version5. 
 
Two additional tests are applied in the second round of 
testing, with a further assessment of self-esteem (using 
the SDQ 1), an assessment of attitudes to and perceived 
salience of health facilitating behaviors (using a children’s 
modification of The Perkins Adolescent Risk Screen6. 
Repeat administrations of the CSQ, the CBIS and the 
PANAS will occur after the first year, in order to help 
establish the psychometric properties of newly developed 
instruments. 
 

(4)  Motor Control    

Characterization of perceptual style is carried out using a 
computer version of the rod and frame test. Children look 
through a viewing tube and attempt to align a computer 

generated rod, surrounded by a tilted frame, to the 
vertical position; a test of field dependence/ 
independence7. 
 
Balance control is determined by children holding five 
different postures on a large rocker board, of similar shape 
and size to a surf board. The amount of board deviation is 
detected by a fine wire sensor and is stored in a laptop 
computer. Children who have poor balance skills show a 
higher level of deviation from zero compared to more 
skilled balance exponents8. Fine motor control is assessed 
using the nut and bolt test9. Handedness and eye 
dominance are also noted during this procedure.  Hand-
eye coordination was measured with an indoor throw-
catch procedure developed for this study.  
 

(5)  Anthropometry and Body Composition. 

Total body and regional body composition is measured 
using dual energy x-ray absorptiometry (DXA). DXA 
provides data in relation to three body compartments; 
bone (mineral content and density), lean tissue mass and 
fat mass10, and we can compute percent body fat.  
 

(6)  Bone Strength  

Total body and regional areal bone mineral density (aBMD) 
is measured using dual energy x-ray absorptiometry, as 
described above. Bone geometry and volumetric BMD was 
assessed at the tibia and radius using peripheral 
quantitative computed tomography (pQCT), Stratec XCT 
3000 scanner (Stratec Medical, Pforzheim, Germany). In 
contrast to DXA,  
 

(7)   Fitness Assessment  

The results of any fitness testing have to be carefully 
administered and interpreted in children whose fitness 
test performances are more likely to be influenced by 
external factors11, including their peers. The 20 m shuttle 
run is used to estimate the aerobic fitness of the children, 
a well established as a field test and used with children in 
many studies12. Single effort lower body power is 
measured by a vertical jump, and trunk (core) strength is 
measured using the duration the child can hold a self-
supported prone position, in preference to the commonly 
used “sit-up” test.   
 

(8) Measurement of physical activity 

Accurately measuring physical activity is a challenging task, 
particularly in a large group of children. To assist in our 
estimation of physical activity, all children will undergo 7-
day pedometer assessments every year, sometimes twice 
yearly, using pedometers with proven validity in children13.  
To estimate vigorous physical activity, questionnaires are 
administered to the parents to gauge the extent of family 
and community based sporting and active recreation 
pursuits, and in the final two years where children are less 
likely to lose instrumentation, (more expensive) 
accelerometers are used. Questionnaires also seek 
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information on sedentary activities such as television 
watching and computer game playing.  
 

(9) Family Involvement and Medical History 

A questionnaire for parents has been devised to gather 
information on child and family medical history, ethnicity, 
weight and height at birth, breast and bottle feeding 
history, health of mother during pregnancy. We also 
provide questions relating to parents’ involvement and 
attitudes toward physical activity, sport and active leisure 
pursuits for both themselves and children. A series of 
questions aims to estimate the amount of television and 
video game involvement, the family meal patterns, 
beverage consumption and sleep patterns of the child.  
 

(10) Nutritional Intake 

The methodology used in the WA CAPANS Survey 200314 

was modified and used to measure food and nutrient 
intake in a sample of children 7-8 years old. The survey 
methodology incorporated a 24-hour dietary record and its 
strengths and limitations has been described previously15. 
Values of energy, macronutrients and micronutrients will 
be used in the statistical analyses as set out in the Data 
Analyses section below.  
 

(11)  Academic Achievement   

There is some concern that physical education in primary 
schools may jeopardize academic progression. We will 
address this concern in relation to literacy and numeracy. 
Assessment of each student’s literacy and numeracy is 
ideally carried out using the national administered literacy 
and numeracy test. The Commonwealth requires schools 
in Canberra to apply such testing in grades 3, 5, 7 and 9 
and we are seeking permission to use the results in 
confidential and secure manner. 
 

(12) Pubertal Assessment  

Physical maturation will be self-assessed using standard 
forms previously reported16, using the 5 stage standards 
developed by Tanner17. Skeletal age will be assessed using 
the standard wrist X-ray technique18. 

THE MOVEMENT EDUCATION PROGRAM AND 

PEDAGOGY 

The externally administered physical education program is 
administered by coaches supplied by the Bluearth Institute 
(Melbourne, Victoria). It is taught in conjunction with the 
primary school general classroom teachers who take 
intervention classes over the four years, and who take part 
in a participation-based professional development 
program. Two 50 minute sessions of Bluearth Discovery 
are included within the intervention schools as part of 
their weekly physical education program, with the control 
schools continuing with their normal program.  
 

Direct observation of physical education classes, using the 
“System of Observing Fitness Instruction Time” (SOFIT)19  
to characterize the key processes and products evident in 
primary physical education classes. We are also 
questioning teachers from both intervention and control 
schools to establish their attitudes and self efficacy around 
teaching PE and the factors that potentially influence their 
practice20.  

DATA ANALYSES 

 
A variety of statistical models will be employed 
appropriate to each thematic sub-study including (a) 
classic and generalized linear modeling, (b) general linear 
mixed modeling to account for structure in the data arising 
from the multilevel design, and (c) time dependent 
modeling exploiting the longitudinal nature of the data as 
well as accounting for possible serial dependencies arising 
from repeat measures on the same subjects.  
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LOCATION OF SCHOOLS 

 
 

Children (n=853) aged 7-8 were recruited from 30 primary schools in Canberra, which were selected from outer 
suburbs with average household income approximating the mean for Australian city dwellers.  
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TIMELINE OF MEASUREMENTS 

 

 
 

 

 
 

There were three major data collection periods in the LOOK study: 2005 (Grade 2), 2007 (Grade 4) and 2009 (Grade 6). Physical activity and fitness measures were collected in all 
years. 
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DEMOGRAPHIC INFORMATION 
 
 

RELATIONSHIP OF CHILD TO PARENT 

 
Of the 853 children participating in the LOOK study, 564 
parents of these children answered a questionnaire on 
demographic information, (65 males and 499 females). 
99.5% of participating parents were biological parents and 
the remaining participants were either an adoptive parent, 
a step parent or parental status was not specified.  

MARITAL STATUS 

 
The majority of the fathers were aged between 40-49 
years, and half of the mothers were aged between 30-39 
years. Of these parents 72% were married and 10% were 
in a defacto relationship. A further 12% were divorced or 
separated and approximately 4% were single or never 
married. 

EMPLOYMENT 

 
In most households, fathers worked full-time (87%) more 
often than mothers (32%), the majority of who were 
employed in a part-time capacity (44%). A much larger 
proportion of women (20%) reported home duties as their 
employment compared to men (2%).  

EDUCATION 

 
Among fathers, 43% reported having a tertiary 
qualification, 20% a TAFE or trade qualification and a 
further 20% had completed year 11 or 12 as their highest 
level of education. Mothers’ level of education was similar 
to fathers with 33% completing a tertiary qualification, 
23.5% a TAFE or trade qualification and 24% completing 
grade 11 or 12. A larger proportion of mothers were only 
educated up to grade 10 or below (14%) compared to 
fathers (6%). 

COUNTRY AND ORIGIN OF BIRTH 

 
From the 564 parents completing the questionnaire, 93% 
reported that their child was born in Australia. In terms of 
parents birth place, 77% of biological mothers and 69.5% 
of biological fathers were born in Australia. The majority of 
parents were Anglo Saxon (73% of mothers and 73% of  

fathers), followed by other ethnic groups not listed (13% of 
mothers and 13% of fathers) and South East Asian (4.8% of 
mothers and 5% of fathers). A summary of parent origin is 
depicted in Table 1. 
 
Table 1 Frequency and proportion of biological parents’ 
origin.  
 
Origin Mother 

(N=543) 
Father 
(N=541) 

 f % f % 

     
Anglo Saxon 413 76.1 410 75.8 

Aboriginal and/or Torres 
Straight Island 

13 2.3 13 2.3 

Polynesian- 
Marori/Tongan/Somoan 

3 .6 4 .7 

Indian/Sri 
Lankan/Pakistani/Afghan 

6 1.1 8 1.5 

South East Asian 26 4.8 25 4.6 

Other ethnic group 72 13.3 70 12.9 

Not known 10 1.8 11 2.0 

 

 ORDER OF BIRTH  

 
In 2006, the majority of families comprised two children 
(46%), followed by three children (25%). In terms of birth 
order, most of the participating children were either the 
first (41%) or second (39%) born in their family.  

SOCIO-ECONOMIC STATUS 

The Australian Bureau of Statistics Index of Relative Socio-
economic Advantage and Disadvantage (SEIFA) was 
employed in the LOOK study. This value is a continuum of 
advantage (high values) and disadvantage (low values) 
derived from government Census variables such as 
income, educational attainment, and employment. The 
territory in which the schools were situated is relatively 
homogeneous in this regard, and the average SES index of 
the suburbs in our study (1085 ± SD 40 and range 982-
1160) was higher than the average index of all towns and 
cities throughout Australia (980 ± 84, 598-1251). 
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THE BLUEARTH INTERVENTION 
 

BLUEARTH  

 
Of the 30 schools participating in the LOOK study, 13 of these were randomly assigned to the Bluearth intervention 
or specialist-led PE (SPE) group and received 90 minutes of the mandatory 150 minutes per week of physical 
education from a visiting Bluearth specialist.  In addition to receiving SPE, teacher training was built in to the 
intervention program, whereby classroom teachers received professional development (PDP) utilizing the Bluearth 
method.  The controls schools continued with their normal PE, taken by the class-room teachers (CP). 
 
The Bluearth intervention program utilized the guided discovery method of teaching. The objective of this method 
is for teachers to present the underlying structure and content of the lesson in a way that allows children to make 
individual decisions about how to move. This approach encourages students to discover the answers to a range of 
physical movement problems and game strategies themselves, through experimentation and self-discovery. 
Teachers enhance this process by asking key questions during individual and small group discussions, to guide the 
conceptual, strategic, tactical and technical requirements of the activities presented. Coordination and agility drills, 
skill activities, movement challenges and games, dynamic movement and core control activities were all utilized in 
each class and involved multi-directional and multi-planar (forward, backwards, sideways, diagonal) activities, and 
comprised different movements (run, jump, skip, crawl, climb) and different ways of manipulating objects (push, 
pull, throw, catch, kick). 
 
The last three years of the intervention were delivered by one of three coaches (two males and one female). During 
the first year of the intervention, a different female coach, and for half of the year a different male coach, were 
involved in delivering the program. 
 
The Bluearth coaches delivered approximately 4000 classes over four years. This amounted to around 3500 hours 
of face to face instruction. 

Further information on the Bluearth program can be found at: www.bluearth.org  
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ADMININSTRATION AND POINTS OF INTEREST 
 

PEOPLE INVOLVED  

• At least 85  people worked on and contributed to the 
LOOK study 

• 12 Institutions / Organizations contributed to the study 
including:  

• Commonwealth Institute (Australia), The Canberra 
Hospital, Australian National University, University of 
Canberra, Australian Institute of Sport, International 
Diabetes Institute, University of Sydney, Deakin 
University, Victoria University, Australian Catholic 
University, University of Ballarat, ACT Department of 
Education, CSIRO. 

• 15 full LOOK staff meetings and in recent years CI(A) 
meetings were held over 5 years 

• more than 500 small group or individual  meetings 
were conducted with researchers 

SCHOOLS 

• 30 Schools participated in the study in 2005 
• During the study 4 schools closed as a result of a 

government restructure 
• Due to participants moving schools, children from 38 

schools took part in 2009 testing 

PARTICIPANTS 

• 853 Children gave consent to take part in the Study in 
2005 

• 450 children were part of the Bluearth Intervention 
• 580 children took part in the 2009 testing 
• 140 children moved schools during the course of the 

study 
• 20 children withdrew from the program 
• 110 children were unable to be tracked (most due to 

moving interstate) 
 
 
 
 
 
 
 
 
 
 
 
 

ADMINISTRATION 

• The LOOK study worked with approximately 500 
teachers, Principals and office staff 

• Over 13,000 notes were sent home to parents 
• Approximately 2600 reports were sent out to parents 

detailing participant results 
• 3200 balls, 750 wrist bands, 750 drink bottles, 600 

radios, 600 key rings and 700 paper tattoos were given 
to children to acknowledge their participation over the 
course of the study 

• 2100 children were taken to the Canberra Hospital in 
the LOOK van. The van clocked approximately 130,000 
kilometers during the course of the study.  

• The shortest route to drive to all schools to deliver 
notices/ reports is approximately 180kms. Emailing and 
sending information through the postal service were 
found to be ineffective in communicating with schools. 

• 1900 children received breakfast after fasting for the 
blood test – that is  over 2000 boxes of cereal, 2000 
fruit juices, around 1500 pieces of fruit and 150 loaves 
of raisin toast 

 

ABNORMALITIES 

• 12 children were diagnosed with a serious abnormality 
from LOOK testing procedures 

• 2 children had heart surgery as a result of 
abnormalities found by a heart scan 

• 1 child was diagnosed with Leukemia and commenced 
treatment the day after diagnosis 
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PEDAGOGY & THE SPECIALIZED PHYSICAL EDUCATION INTERVENTION 

 

Bluearth and Current Practice Physical Education in 

public primary schools:  some observations 

 
Principal Authors: Lisa Olive and Richard Telford  
 
Collaborative Team: Rohan Telford, Ross Cunningham, 
Robert Fitzgerald, Darryl Stuckey and Celia Peck 
 
 
 

ABSTRACT 

Background:  Physical education in government funded 
primary school is usually conducted by classroom teachers. 
With increasing demands on curriculum time, classroom 
teachers, who often lack specific training in physical 
education, may not be in a position to allocate sufficient 
time and energy to teaching physical education. The 
Bluearth Foundation recognizes this and has developed an 
alternative program whereby visiting teachers conduct PE 
and at the same time offer a professional development 
program for the classroom teachers.  
 
Objective: To compare the Bluearth program and 
classroom teacher conducted PE in terms of class-time 
physical activity, teacher behavior, PE-class content, 
students’ attitudes toward PE; student physical activity; 
fitness, and self-esteem. We also sought to determine 
whether different Bluearth specialist teachers (referred to 
by Bluearth Foundation as coaches) had any variance in 
effects on student physical and psychological outcomes. 
And finally, to determine how effective the professional 
development program was in terms of increasing physical 
activity and the opinions held by classroom teacher 
regarding the Bluearth program.   
 
Participants: 720 (363 boys, 357 girls) initially grade 2 
children ranging from 7 to 9 years at intake from 29 
schools in the ACT. 
 
Setting:  The Australian LOOK Longitudinal Study. 
 
Intervention: All children usually received 150 minutes 
per week of physical education from general classroom 
teachers. In 13 schools, 100 minutes per week was 
replaced by with the Bluearth intervention delivered by 
specialist physical educators. The remaining 16 schools 
formed the control group. 
 
Main outcome measures: The System of Observing 
Fitness Instruction Time (SOFIT) was used to characterize 

student activity levels, lesson content and teacher 
behavior during PE lessons; the Physical Education 
Attitudes of Kids (PEAK) Questionnaire was utilized to 
assess children’s attitudes toward PE; the 20 meter 
multistage shuttle test was used as a measure of cardio-
respiratory fitness (CRF); and a seven day pedometer 
assessment was used to measure physical activity. In 
addition, teacher opinions on the impact of the 
intervention were assessed via the Bluearth Foundation 
Teacher Feedback form.  
 
Results: Students receiving Bluearth spent significantly 
more minutes in moderate and vigorous (MVPA) physical 
activity during PE-class time than students receiving 
current practice classroom taught PE or PE taught by 
teachers who had received Bluearth professional 
development. Teacher style varied considerably, Bluearth 
coaches but not classroom teachers, being actively 
involved in PE lessons. Children receiving the Bluearth 
program from a male coach were found to have higher 
levels of CRF than children receiving the Bluearth program 
from a female coach. Children receiving Bluearth PE held 
less positive attitudes toward their own PE competence 
over time compared with the control group children but 
classroom teachers observed improvements in student 
self-perception, academic benefits and increased social 
cohesion among students receiving Bluearth.   
 
Conclusions: Specialist PE in the form of the Bluearth 
program was effective in improving the amount, but not 
proportion of lesson time spent in MVPA during PE in 
comparison with control practice PE  or classroom teacher 
PE following professional development. However, student 
MVPA levels during both Bluearth and classroom teacher 
conducted PE were low compared to proposed targets 
(that students should participate in MVPA for 50% of class-
time). Despite an absence of any evidence of positive 
effects of the Bluearth program on student attitudes 
toward PE, teachers observed a number of self-perception, 
academic and social benefits among students receiving 
Bluearth.  

INTRODUCTION 

 
Physical education (PE) has been increasingly identified as 
a key setting for health promotion1. With the potential for 
increasing health-related physical activity, achievement in 
PE may be measured in relation to increases in class 
participation, particularly in moderate and vigorous 
physical activity (MVPA), acquisition of motor skills, the 
development of positive attitudes toward health 
promoting behavior, social, cognitive and moral 
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development; and through the manifestation of regular 
physical activity outside of school.  So while the purpose of 
a physical education class goes far beyond that of enabling 
students to participate in MVPA, it remains an important 
and achievable goal that fits comfortably with the broad 
ranging objectives of the physical education curriculum. 
 

Number of measurements 

   Intervention Control 

  
Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 
Self-esteem 
Body Image 
Physical activity 
Fitness 
 %BF 

228 217 187 189 

       

Grade 3 
(2006) 

 
SOFIT observations 
PE Attitudes 
Body image 
Physical activity 
Fitness 

208 197 172 175 

       

Grade 4 
(2007) 

 
SOFIT observations 
Physical activity, 
Fitness 
 %BF 

172 163 159 148 

 
 

     

Grade 6 
(2009) 

 
SOFIT observations 
PE Attitudes 
Self Esteem 
Body image 
Physical activity 
Fitness 

141 133 125 122 

       

 
 
Several quasi-experimental studies investigating the 
effectiveness of PE interventions to promote physical 
activity have demonstrated success on a number of PE 
curriculum objectives. Increases have been reported in 
both the proportion of lesson time and minutes spent in 
MVPA during PE2-5, in overall physical activity (PA) both 
during school hours6  and daily activity2, and in fitness4 6 
and reductions have been reported in adiposity6. 
Interventions under investigation made a number of 
modifications to PE programs, such as enhanced content 
developed by PE specialists, additional training for 
classroom teachers and in some cases scheduling 
additional PE lessons.  One study involved two intervention 
groups in addition to a control group, whereby a trained 
PE specialist led one intervention and a classroom teacher 
receiving specialist training led the other4. Comparisons of 
the three groups indicated that students receiving PE from 
a PE specialist participated in twice as many minutes in 
MVPA as the control group students. In addition, students 
of the teacher-trained group participated in a significantly 
greater amount of MVPA than the control group but less 
than the specialist-led group, indicating that with 

appropriate training, classroom teachers are able to 
improve the physical activity levels of their PE programs.  
 
The majority of published studies have been carried out in 
the US and the quality of PE currently being delivered in 
Australian primary schools is still not well understood. One 
Australian study7 failed to achieve the desired target of a 
10% increase in overall PA during intervention PE lessons; 
however there was some evidence of an increase in 
proportion of lesson time spent in MVPA in intervention 
schools compared to control schools. In addition, the 
decline that was reported in vigorous physical activity 
(VPA) over time was attenuated in the intervention group, 
who reported a 3% increase in VPA in comparison to the 
control group at follow up.  
 
The above-mentioned Australian study raised concerns 
regarding the ability of non-specialist PE teachers, who 
often have little training in PE to meet the health-related 
and other goals expected of PE. A positive experience in PE 
is something that should be a benefit to all children should 
benefit from but with increasing pressures of an already 
“crowded curriculum”, together with the frequent lack of 
PE training, many teachers may be unable to provide 
quality PE learning experiences that will also promote 
positive attitudes and behavior. 
 
The assumption that PE has the potential to promote 
regular physical activity8-9 seems more feasible if a positive 
attitude toward PE prevails, given the evidence that 
attitude predicts behavioral intentions10-11.  Conversely an 
unfavorable attitude toward PE may result in avoidance of 
regular physical activity. In addition to increasing MVPA, 
previous research has established that, through the 
provision of well-designed programs and the influence of 
the PE teacher and class environment12, it is possible for 
students to develop positive attitudes and elevated 
perceived competence toward physical activity13-15. Such 
attributes can lead to increased participation in physical 
activity outside of school12 16-18.  
 
Therefore, the aim of this section of the LOOK study was to 
determine how the Bluearth intervention program differed 
from current physical education practices in public primary 
schools; and to assess the success of the professional 
development program (PDP). Teachers (Bluearth teachers, 
Bluearth-trained teachers and classroom teachers) were 
compared on the following outcomes: (a) the activity 
levels of students during PE lessons; (b) PE lesson content, 
particularly the proportion of fitness activity, skill and 
coordination work; (c) teacher interaction and style; and 
(d) student attitudes toward each program. Further to this, 
evaluations of the Bluearth program by school staff were 
investigated, as well as the effect of the Bluearth teachers’ 
gender and teaching style on physical and psycho-social 
outcomes. This approach provided a multi-perspective 
comparison of the Bluearth program to current practice 
PE. 
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METHODS 

 

Participants 

Work reported here involved analyses of both individual 
LOOK participants and class groups. Participants were 720 
(363 males, 357 females) initially grade 2 children ranging 
from 7 to 9 years and finishing in grade 6. Observations of 
PE lessons were taken on class groups from 29 schools, 
where 244 lessons where observed from 54 teachers.  
 

Measures 

PE lesson observation 

The System for Observing Fitness Instruction Time (SOFIT) 
was used to assess student activity levels and record 
lesson context and teacher behavior during PE19, being a 
well-established and reliable field-test among children19-20. 
Detailed instructions outlining SOFIT protocols are 
reported elsewhere19 and a brief description is provided 
here. Four students were selected at random prior to each 
lesson. These students were observed on a rotational basis 
using momentary time sampling of 20 second intervals (10 
seconds observe, 10 seconds record). Student one was 
observed for 12 intervals.  At the end of each interval, a 
record was taken of student activity (lying, sitting, 
standing, walking, very active), lesson context 
(management, general knowledge, physical fitness know-
ledge, fitness activity, skill practice, game play, or other) 
and teacher behavior (promotes fitness, demonstrates 
fitness, general instruction, manages, observes or other 
task) and a description of these categories can be found in 
McKenzie et al. 19 Once the 12 observations were recorded 
for student one, the second student was observed 
followed by the third and fourth student. If lesson time 
remained after the fourth child had been observed, the 
first child was observed again. This cycle continued until 
the lesson was complete. With regards to student activity 
levels, the code very active represented VPA and activity 
coded walking and very active were combined to form a 
measure of MVPA.  
 
Observer Training: Observer training consisted of an initial 
period of studying and learning the SOFIT code protocols, 
which was followed by videotape assessment and field 
practice. In accordance with recommendations from 
previous studies21-22, interval-by-interval intra-observer 
agreements in excess of 85% were achieved on pre-
recorded lessons before observers were permitted to 
collect data in LOOK study schools. Six observers 
completed all SOFIT observations over the four year 
period. 
 
Observer Rating Reliability: Inter-observer reliability was 
assessed throughout the study. Through the use of a y-
adaptor, two observers independently coded the same 
students during the same lesson, paced by the same tape 

recording. Percent inter-observer agreement (IOA) was 
calculated and met the required standards19.  
 

Physical activity and fitness 

To measure PA, children wore pedometers on their hip for 
seven consecutive days and a PA index calculated as 
previously described23. The 20 meter multistage shuttle 
test (MSST) was used as a measure of cardio-respiratory 
fitness (CRF) and has been well-established as a reliable 
felid-test among children24. To avoid confusion, it should 
be noted that the measure of CRF described here, which is 
a performance measure, differs from the SOFIT Lesson 
Content category “fitness”, which describes PE content 
and includes activities that not only alter ones physical 
state in terms of cardiovascular endurance, but also 
encompasses strength and flexibility activities19.  

Bluearth teacher logs 

Bluearth coaches maintained a record of each Bluearth 
lesson delivered during the four years of the LOOK study, 
outlining lesson content and the proportion of lesson time 
allocated to each activity.  Teacher Logs were submitted to 
LOOK researchers at the end of each school year. To 
ensure a systematic understanding of activity classifi-
cations, Bluearth teachers categorized lesson activities 
according to the five main areas of a Bluearth lesson as set 
out in the Bluearth training manual. More specifically, 
these areas were: Coordination and Agility; Skill Activities; 
Movements Challenges and Games; Dynamic Movement 
and; Core Movement. In order to systemize measures for 
data analysis, lesson plans were coded by research staff in 
accordance with SOFIT Lesson context categories. This 
resulted in the following reclassifications: Coordination 
and Agility, Dynamic Movement and Core Movement 
where coded together as Fitness Activity; Skill activity was 
coded as Skill Practice and; Movements Challenges and 
Games were coded as Game Play. A summary of the time 
allocated to each category and the proportion of lesson 
time was calculated for each term, year and overall.  

PE attitudes 

Attitude has been conceptualized as a two-component 
construct involving both affective (emotional response or 
feeling toward an attitude object) and a cognitive 
component (beliefs and expectancies relating to an 
attitude object)25-26. The Physical Education Attitudes of 
Kids (PEAK) Questionnaire is a self-report questionnaire 
and was developed to assess a two-component 
perspective (affective and cognitive) of student attitudes 
toward PE. Based on a review of the physical activity and 
sports psychology literature, an inventory of questions 
assessing student attitudes toward PE was developed by a 
panel of sports pedagogy specialists. This process 
generated a list of potential items, which were then 
assessed independently by a panel of primary school 
teachers and PE teachers for both redundancies and the 
content and age-appropriateness of the items for children. 
The revised item list was referred for consideration and 
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comment to a small reference group of students aged 7 to 
10 years and wording was modified where necessary.  
 
This resulted in an inventory of 15 items, A five-point Likert 
scale was applied to each item to assess the direction and 
strength of PE Attitudes (1=Strongly disagree; 2=Disagree; 
3=Not sure; 4=Agree; and 5=Strongly Agree). Three items 
were reverse scored (It is easy to get bored in PE, I get 
embarrassed doing PE, and I sometimes get teased during 
PE classes) to allow consistency in the direction of scoring. 
Item scores spanned the range of 1 to 5, which resulted in 
a full scale score ranging from 15 to 75 with higher scores 
indicating a more positive attitude toward PE. The internal 
structure of the PEAK questionnaire was subjected to a 
principal components analysis (PCA) followed by an 
orthogonal (Varimax) rotation. From the PCA three themes 
of children’s attitude toward PE were revealed, comprising 
an affective component (1) Enjoyment, and two cognitive 
components; (2) Perceived Relevance and (3) Perceived 
Competence and these subscales are summarized in Table 
1.  
 

Table 1 Factor structure of the PE Attitudes of Kids (PEAK) and 
associated scale item loadings 

 Item 
loading 

Scale 1 – Enjoyment   

I look forward to doing PE  .731 

I always get my turn in PE  .642 

I always feel safe in PE  .637 

The games we play in PE are fun  .636 

I get embarrassed doing PE  .568 

PE helps make me healthy  .563 

My teacher always makes it clear what                                    
we are meant to be doing in PE  

.554 

It is easy to get bored in PE  .492 

I get teased during PE classes  -.430 

Alpha = .776  
  

Scale 2 – Perceived Competence  

My teacher thinks I am good at PE  .792 

I am good at PE  .776 

Alpha = .629  
  

Scale 3 – Perceived Relevance  

My teacher thinks PE is important  .676 

My friends think PE is important  .637 

The skills we learn in PE are useful                            
outside school  

.505 

My parents think PE is important  .446 

Alpha = .547  

 

Teacher feedback form  

Teacher opinions on the benefits of the intervention 
program were obtained via the Bluearth Evaluation 
Teacher Feedback Form developed and administered by 
the Bluearth Institute. Teachers responded to the 
following question: 
 

“Be Active Australia” reports that there are benefits to 
being active other than improved health. These include 
social benefits, academic benefits and behavioral 
benefits. Are you aware of any observed differences in 
student behaviors in any of these areas that could be 
attributed to their involvement in the Bluearth 
program? 

 
Teachers were first required to report whether they had 
observed any differences in student behavior in the areas 
of self-perception benefits, academic benefits and social 
and behavioral benefits by selecting either the Yes or No 
option. Subsequent to this, teachers who selected yes 
were asked to provide comment describing the observed 
differences in student behavior for each area.  

Intervention Impact  

The impact of the intervention was also assessed using the 
teacher feedback form. Teachers were asked to rate on a 
scale ranging from 0=no difference, 1=met expectations 
and 2=exceeded expectations, what impact they felt the 
intervention had on the school, the students and 
themselves the classroom teacher. From this an impact 
scale was derived by summing across items, resulting in a 
scale that ranged from 0 to 14, with a score of zero 
indicating no impact and higher score indicating greater 
impact.  
 

The Bluearth intervention program 

Of the 30 schools participating in the LOOK study, 13 of 
these were randomly assigned to the Bluearth intervention 
or specialist-led PE (SPE) group and received 90 minutes of 
the mandatory 150 minutes per week of physical 
education from a visiting Bluearth specialist.  In addition to 
receiving SPE, teacher training was built in to the 
intervention program, whereby classroom teachers 
received a professional development program (PDP) 
utilizing the Bluearth method. The controls schools 
continued with their normal PE, taken by the class-room 
teachers (CP). 
 
The Bluearth intervention program utilized the guided 
discovery method of teaching27-28. The objective of this 
method is for teachers to present the underlying structure 
and content of the lesson in a way that allows children to 
make individual decisions about how to move. This 
approach encourages students to discover the answers to 
a range of physical movement problems and game 
strategies themselves, through experimentation and self-
discovery28. Teachers enhance this process by asking key 
questions during individual and small group discussions, to 
guide the conceptual, strategic, tactical and technical 
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requirements of the activities presented. Coordination and 
agility drills, skill activities, movement challenges and 
games, dynamic movement and core control activities 
were all utilized in each class and involved multi-
directional and multi-planar (forward, backwards, side-
ways, diagonal) activities, and comprised different 
movements (run, jump, skip, crawl, climb) and different 
ways of manipulating objects (push, pull, throw, catch, 
kick). 
 
The last three years of the intervention were delivered by 
one of three coaches (two males and one female). During 
the first year of the intervention, a different female coach, 
and for half of the year a different male coach, were 
involved in delivering the program. 
 

Procedure  

SOFIT observations on PE lessons commenced at the 
beginning of 2006 and were ongoing for the remainder of 
the study, with the final observations completed in 
November, 2009. Observations were undertaken through-
out the year, encompassing all seasons to eliminate 
seasonal bias.  
 
The PEAK questionnaire was administered in late 2006 and 
again in late 2009 in conjunction with the psychology 
measures of the LOOK study. Data was collected in 
participant classrooms with whole class groups of between 
10 and 25 children. Each individual questionnaire item was 
projected as a PowerPoint slide and simultaneously read 
out to participants to enhance understanding among 
children of varying reading abilities. Children made 
response choices on individual hand-held key-pads.  The 
response device presented the letters A through F, which 
matched the response options presented on the 
PowerPoint slide. Responses were relayed by a wireless 
link back to a lap-top computer and data were 
automatically placed in a data file. The questionnaire 
presentation and response collection was facilitated 
through a KEEpad System using TurningPoint® software. All 
data collection sessions were run by two researchers with 
qualifications in psychology and education, who could 
answer children’s questions regarding item meaning. In 
addition, many classes were supervised by a class teacher.  
 
Physical measures (PA and CRF) were collected in a 
separate session by a sports science specialist who 
collected all physical data from grade two through to grade 
six. Similarly, physical testing took place in whole class 
groups where the 20m multistage shuttle test was 
administered and pedometers were handed out with 
instructions on how they should be worn. Approval for this 
part of the LOOK study was obtained from the ACT 
Department of Education, the Human Research Ethics 
Committee (HREC) of the University of Canberra and the 
Ethics Committee of the Australian Sports Commission (for 
the entire LOOK Study). All parents gave informed and 
written consent for their children to participate in the 
LOOK study. The children also gave written consent (a 

condition required by the HREC of the University of 
Canberra). 
 
Bluearth coaches maintained class logs for the entire LOOK 
study from 2006 through to 2009. Coaches completed logs 
at the end of each day, which were then submitted to 
LOOK researchers at the end of each school year. 
Additionally, Bluearth Teacher Training Evaluations were 
administered by Bluearth coaches at the end of each 
school year from 2006 to 2009.  

RESULTS 

Characterizing current practice PE and Bluearth PE  

Lesson length 

The lesson length of PE classes run by a Bluearth coach 
(M=44.06, SD=10.57) were consistently longer than lessons 
run by PDP teachers (M=33.22, SD =9.73) and CP teachers 
(M=28.60, SD=8.40). However, significant differences 
(p=0.007) in lesson length were only found between 
lessons run by a Bluearth coach and lessons run by CP 
classroom teachers. 

Student activity 

Due to the non-parametric nature of the data gathered 
through the SOFIT method, a series of Kruskal-Wallis 
analyses were conducted to investigate the impact of the 
SPE program on student activity, lesson context and 
teacher behavior compared to PDP and CP. Where 
significant results were found between the three groups, 
follow-up tests were conducted using Mann Whitney’s U 
test.  
 
Student activity was examined in terms of (a) the 
proportion of lesson time and (b) the number of minutes 
spent in varying intensities of physical activity and a 
summary of both measures are depicted in Table 2.  Firstly, 
significant differences between the three programs were 
found for the proportion of class-time spent in sitting 
activity (p=0.006), walking activity (p=0.004) and VPA 
(p=0.006). Follow-up tests indicated that students 
receiving CP spent a significantly lower proportion of time 
sitting than students receiving SPE (Median CP 12.3% v SPE 
19.7%) and a significantly lower proportion of lesson time 
walking than both the SPE and PDP (Median CP 15.5% v 
SPE 20.6% v PDP 17%). Students receiving CP also spent a 
significantly greater proportion of lesson time engaged in 
VPA than students of the SPE and PDP groups (Median CP 
21.5% v SPE 14.6% v PDP 15.3%). No differences were 
found between students of SPE and PDP groups on any of 
the various intensities of physical activity and no significant 
differences were found between the three groups for 
MVPA.  
 
In terms of the minutes students spent in physical activity, 
significant program differences were found in the minutes 
spent in all types of physical activity with the exception of 
lying activity, and these are summarized in Table 2. In both 
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Table 2 Median values and percentiles for the proportion of lesson time and number of minutes students spent in varying 
activity levels  
 
SOFIT 
variable 

Control (N=97) Intervention (N=97) Teacher Trained 

 Mdn 25% 75% Mdn 25% 75% Mdn 25% 75% 
Lying 
% 0 0 0 0 0 0 0 0 0 
mins 0 0 0 0 0 0 0 0 0 

Sitting 
% 12.33 2.73 44.10 19.70 11.47 29.28 24.26 9.67 33.68 
mins 3.30 0.33 8.97 7.94 4.35 12.04 8.03 3.27 10.60 

Standing 
% 44.44 32.08 56.67 43.66 31.72 52.21 39.25 33.33 48.32 
mins 11.33 7.79 16.17 18.85 12.70 24.15 12.42 9.54 16.10 

Walking 
% 15.49 8.50 22.22 20.61 14.33 25.10 16.95 12.64 23.32 

Mins  4.29 2.36 6.63 9.17 5.72 12.51 4.80 3.65 8.56 

Very Active 
% 21.52 10.16 33.85 14.63 10.65 20.18 15.33 10.11 20.50 
mins 5.55 2.36 6.63 6.41 4.67 9.13 4.67 3.56 6.34 

MVPA 
% 40.58 26.77 49.18 35.42 28.14 43.20 32.93 25.95 40.68 
mins 10.18 7.77 12.78 16.87 11.57 20.17 9.63 8.07 13.47 
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 Figure 1 Median values for minutes per lesson students spent in 
the different activity levels for SPE, CP and PDP groups 

 
instances, students of SPE spent more minutes in VPA 
(Median SPE 6.4 min v CP 5.6 min v PDP 4.7 min), MVPA 
(Median SPE 16.7 min v CP 10.2 min v PDP 9.6 min) and 
walking (Median SPE 9.2 min v CP 4.3 min v PDP 4.8 min) 
activity than students of both CP and PDP. In addition, 
students of SPE spent significantly more time in sedentary 
type activities than student of CP (sitting Median SPE 7.9 
min v CP 3.3 min; standing Median SPE 18.9 min v CP 11.3 
min). No significant differences were found on minutes 

spent in VPA or MVPA between students of the CP and 
PDP groups; however, students of PDP spent significantly 
more minutes in both sitting and walking activities than 
students of CP.  A summary of the minutes spent in each 
type of activity can be seen in Figure 1. 

Lesson content 

A summary of the proportion of time spent on different 
lesson content for each group can be seen in Table 3.  
Significant differences between the three programs were 
found for the proportion of lesson time spent on 
management content (p=0.009); general knowledge 
content (p<0.001); physical fitness knowledge (p< 0.001); 
and on fitness activity content (p< 0.001). Follow-up tests 
indicated that both SPE and PDP lessons dedicated a 
significantly greater proportion of lesson time to general 
knowledge (median SPE 17% v CP 5.3% v PDP 20.9%) and 
management content (median SPE 17.8% v CP 15.8% v PDP 
23.2%) than CP and further significant differences were 
also found for management content between SPE and 
PDP. In addition, SPE allocated a significantly greater 
proportion of time to fitness activity than both CP and 
PDP, and PDP a significantly greater proportion than CP 
(median SPE 17.6% v CP 2.1% v PDP 5.9%). No significant 
differences were found between the three groups on the 
proportion of time allocated to game play or skill practice 
activities.  
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In terms of the minutes spent on different lesson content, 
significant differences were found between the groups for 
fitness activity (p<0.001); management (p<0.001); and 
physical fitness knowledge (p<0.001), and some evidence 
for game play (p=0.052). Follow-up tests indicated that SPE 
lessons allocated significantly more minutes to fitness 
activity (median SPE 7.45mins v CP 0.67mins v PDP 
1.68mins) and management (median SPE 8.40mins v CP 
4.11mins v PDP 7.92mins) than both CP and PDP lessons. 
Further differences were found indicating that SPE spent 
more minutes in general knowledge than CP (median SPE 
8.38mins v CP 1.01mins). There was also some evidence 
that SPE spent more minutes in game play than CP 
(median SPE 11.19mins v CP 3.06mins). In addition, PDP 
spent significantly more minutes in management and 
general knowledge (median PDP 6.59mins) than CP, whilst  
CP spent significantly more minutes in physical fitness 
knowledge than PDP (median CP 0.34 v PDP 0mins). Group 
differences for minutes spent on different lesson content 
are summarized in Table 3. 

Teacher behavior 

A summary of teacher behavior for each group can be seen 
in Table 4. Significant differences between the three 
programs were found for demonstrates fitness (p< 0.001); 
manages (p< 0.001); and observes (p< 0.001). Follow-up 
tests indicated that SPE teachers spent a significantly 

greater proportion of lesson time demonstrating fitness 
(median SPE 25.7% v CP 6.3% v PDP 8.2%) and significantly 
less time observing (median SPE 2.6% v CP 5.7% v PDP 
8.7%) compared to CP and PDP teachers. In addition, PDP 
teachers spent a significantly greater proportion of lesson 
time managing than SPE teachers (median SPE 19.6% v 
PDP 28%). No significant differences were found between 
the behaviors of PDP and CP teachers.  
 
In terms of minutes of lesson time, significant differences 
in teacher behavior were found between the three 
programs with regards to demonstrating fitness (p<0.001); 
general instruction (p<0.001); managing (p=0.015) and 
observing (p=0.042). Follow-up tests indicated that the SPE 
coach spent significantly more minutes demonstrating 
fitness than both the CP and PDP teachers (median SPE 
11.66mins v CP 2mins v PDP 2.03mins). Furthermore, both 
the SPE coach and PDP teachers spent significantly more 
minutes giving general instructions (median SPE 17mins v 
CP 10.33mins v PDP 15.04mins) and managing (median SPE 
8.77mins v CP 5.92mins v PDP 8.67mins) than the CP 
teacher. The PDP teacher differed significantly in behavior 
from the SPE coach in minutes spent observing, which 
were higher among PDP teachers (median SPE 1.01mins v 
PDP 2.37mins). A summary of these differences can be 
seen in Table 4. 
 

Table 3 Median values for the proportion of lesson time and minutes per lesson spent on differing lesson content  

SOFIT variable Control (N=97)  Intervention (N=97)  Teacher Trained 

 Mdn 25% 75%  Mdn 25% 75%  Mdn 25% 75% 

Management 
% 15.79 9.71 25.57 

 

17.80 12.69 24.69 

 

23.21 14.70 30.02 
mins 4.11 2.32 7.62  8.40 5.46 11.21  7.92 4.65 9.74 

General Knowledge 
% 5.26 0 16.45 

 

17.02 6.25 25.95 

 

20.88 9.57 30.77 
mins 1.01 0 4.18  8.38 2.18 12.17  6.59 2.27 10.39 

Physical Fitness 
Knowledge 
% 

2.21 0 8.90 

 

0 0 4.49 

 

0 0 0 
mins 0.34 0 2.36  0 0 1.68  0 0 0 

Fitness Activity 
% 2.08 0 20.38 

 

17.56 8.99 26.57 

 

5.88 0 18.54 
mins 0.67 0 5.30  7.45 4.05 11.33  1.68 0 6.01 

Skill Practice 
% 10.60 0 38.46 

 
12.09 0 25.22 

 
10.42 0 23.12 

mins 3.04 0 11.65  4.10 0 10.83  3.68 0 8.29 

Game 
% 

16.33 0 56.82 

 

26.19 0 34.97 

 

27.52 8.91 41.53 
mins 3.06 0 14.97  11.19 0 17.36  9.85 2.58 15.61 

Other 
% 

0 0 0 

 

0 0 0 

 

0 0 0 
mins 0 0 0  0 0 0  0 0 0 
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Table 4 Median values and percentiles for the proportion of lesson time and minutes per lesson for teacher behavior 
 

SOFIT variable Control (N=97)  Intervention (N=97)  Teacher Trained 

 Mdn 25% 75%  Mdn 25% 75%  Mdn 25% 75% 

Promotes Fitness 
% 1.72 0 12.60 

 
2.75 0.58 6.32 

 
3.20 0 7.41 

mins 0.34 0 3.70  1.33 0.33 2.66  1.17 0 2.43 

Demonstrates Fitness 
% 6.32 0.45 15.42 

 
25.69 17.70 37.90 

 
8.21 2.30 13.86 

mins 2.00 0.16 4.07  11.66 7.36 17.75  2.03 0.67 4.71 

General Instruction 
% 41.30 26.22 60.60 

 
38.10 25.97 50.39 

 
48.39 35.92 62.45 

mins 10.33 6.38 17.74  17 10.12 24.00  15.04 8.75 21.14 

Manages 
% 22.41 12.25 38.42 

 
27.96 14.35 26.72 

 
27.96 18.78 37.55 

mins 5.92 3.38 10.83  8.77 5.73 12.12  8.67 5.00 13.16 

Observes 
% 5.71 2.20 16.99 

 

8.68 0.95 7.51 

 

8.67 2.93 14.02 
mins 1.67 0.50 4.42  1.01 0.34 3.19  2.37 0.91 5.00 

Other Task 
% 1.14 0 3.15 

 

0 0 2.93 

 

0 0 2.36 

mins 0.33 0 1.00  0 0 1.35  0 0 0.67 

 

The Intervention program (Bluearth) 

Intervention coach lesson plans 

Specialist-led PE lesson plans submitted by SPE teachers 
indicated that lesson content varied slightly over time. As 
shown in Figure 2, time allocated to skill practice declined 
after the first year, whereas the proportion of lesson time 
spent in game activities and core movement increased. 
The proportion of lesson time spent in fitness activity 
remained relatively the same between 2006 and 2009.  
 

 

Figure 2 Changes in SPE lesson content over time 

 

Significant differences were found in lesson content 
delivered by male coaches compared to female coaches, as 
depicted in Figure 3. There was some evidence that male 
coaches allocated more time to fitness content (p=0.054). 
In addition, Male coaches spent a greater proportion of 
class-time in skill practice (p<0.001) and core movement 
(p<0.001) than female coaches. In contrast, female 
coaches spent a greater proportion of class-time in game 
activities (p<0.001).  
 

 
Figure 3 Proportion of lesson time allocated to difference lesson 
content for male and female Bluearth teachers 
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Effect of Bluearth teacher and teacher gender on 

physical and psychological outcomes 

Differences between Bluearth teachers on children’s 

physical and psychological outcomes 

For the most part, no significant differences were found 
between different coaches on physical activity and well-
being outcomes (body image and self-esteem). However, 
significant differences were found in the development of 
CRF (as measured by the MSST) between students of 
different Bluearth coaches, with students of one coach 
recording higher mean CRF than students of the remaining 
coaches (p<0.001).  
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 Figure 4 Changes in CRF over time for students receiving 
Bluearth from a male or female teacher  

 

Differences between male and female coaches on 

children’s physical and psychological outcomes 

 
Significant differences over time were found between 
students of male and female coaches for CRF (p<0.001). 
Although improvements in CRF were observed in students 
of both male and female coaches between grades two and 
six, this increase was significantly greater among students 
who received the intervention from a male coach, as 
shown in Figure 4. For self-esteem, the student gender by 
coach gender interaction was found to be significant 
(p=0.037). As shown in Figure 5, this interaction indicated 
that children had more positive self-esteem if they 
received the intervention from a coach of the opposite 
gender.  Therefore boys had greater self-esteem if they 
received the intervention from a female coach and 
conversely, girls had higher self-esteem if they received 
the intervention from a male coach. 
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 Figure 5 Illustration of the effect of coach gender on Global Self-
esteem scores for girls and boys. The lines of course do not 
represent any sort of gradient but the cross-over is used to 
illustrate opposite gender effect of the coach on self-esteem of 
students.   

 

Bluearth program evaluation  

Teacher Feedback  

Information gained from the teacher feedback 
questionnaire indicated that the majority of teachers 
observed positive changes in students’ behavior in the 
areas of self-perception beliefs (93.6% of teachers), 
academic benefits (61.7% of teachers) and social and 
behavioral benefits (91.5% of teachers). From the teachers 
who reported changes in student behavior, content 
analyses revealed that the main themes observed in self-
belief benefits represented improved self-esteem (26.3%); 
increased confidence and willingness to try challenging or 
new tasks (26.3%); and increased participation in physical 
activity (21.1%). A summary of all themes observed in self-
belief benefits for students are present in Table 5. 
 
Considering the academic benefits to students, teachers 
indicated that students had improved concentration and 
focus (70.8%); Improved engagement and co-operation in 
classroom (12.5%); and challenge themselves more 
academically (12.5%). A summary of all the themes on 
academic benefits reported by teachers can be seen in 
Table 5.   
 
In terms of the social and behavioral benefits to students, 
teachers reported improved social interaction (42.6%) and 
increased co-operation and teamwork (34%) as the 
greatest areas of benefit. A full summary of the reported 
themes on social and behavioral benefits can be seen in 
Table 5. 
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Table 5 Teacher feedback on the interventions self-perception, 
academic and social/behavioral benefits to students 

Intervention benefits f % 

 
Self-perception benefits (N=30) 

  

Improved self-esteem 10 26.3 

More confidence and willingness to try 
challenging or new tasks 

10 26.3 

Increased belief in own abilities to achieve 5 13.2 

Improve attitude to PA/PE 2 5.3 

More participation in PA 8 21.1 

Increased body awareness 1 2.6 

Increased self-awareness and self-reflection 2 5.3 

Academic benefits (N=20)   

Improved concentration and focus 17 70.8 

Better communication (both verbal and 
written) 

1 4.2 

Challenge themselves academically  3 12.5 

Improved engagement and co-operation in 
classroom  

3 12.5 

Social / Behavioral benefits (N=31)   

Less competitive 4 8.5 

Increased cooperation and teamwork 16 34.0 

Improved self discipline and control 5 10.6 

Improved problem solving 2 4.3 

Improved social interaction 20 42.6 

Impact of the intervention 

Of the 60 teachers surveyed about the impact of SPE, 
91.8% reported that the intervention had at least met their 
expectations in all areas, with regards to its impact on the 
school community, participating students and themselves, 
the classroom teacher. In addition, 36.7% of these 
teachers rated the program as having exceeded 
expectation in all areas.  The average impact rating of the 
intervention program was M=11.25 (SD=3.13) out of a 
possible range of 0-14, with observed scores ranging from 
4-14, as summarized in Figure 6.   
 

Student attitudes toward PE   

Effect of the intervention of PE attitudes 

Although children of the intervention group held 
significantly more positive attitudes toward PE 
competence overall than the control group (p=0.005), our 
data indicated that these positive attitudes decreased over 
time. As shown in Figure 7, the intervention group 
decreased significantly in perceptions about their 
competence in PE from grade 3 to grade 6 compared to 
the control group (p=0.009), who showed an increase. No 
significant differences were found between the 
intervention and control group for attitudes toward PE 
Enjoyment or PE Relevance. 
 

Significant changes in PE attitudes over time were found 
among the overall sample of children, indicating that PE 
was more enjoyable in grade six compared to grade three 
(p<0.001). In contrast, children’s attitudes about the 
relevance of PE declined significantly from grade three to 
grade six (p<0.001). In addition, males had significantly 
more positive PE attitudes than girls on beliefs about 
perceived competence in PE (p<0.001), enjoyment 
(p<0.001) and relevance (p<0.001). 
 
 

 
Figure 6 Teacher ratings on the impact of the intervention 
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 Figure 7 Changes on PE Attitude-Competence subscale over 
time for the intervention and control groups  

Effect of PA and CRF on PE Attitudes 

 
Significant and positive associations were found between 
physical activity and PE attitudes for PE competence 
(β=0.02, p=0.004), PE enjoyment (β=0.04, p=0.020) and PE 
relevance (β=0.02, p=0.017), indicating that children who 
participated in more physical activity held a more positive 
attitude toward PE. Similar associations were found for 
CRF and PE attitudes for PE competence (β=1.49, p<0.001), 
PE enjoyment (β=2.73, p<0.001) and PE relevance (β=0.66, 
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p=0.006), which were significant and positive, indicating 
that children who were fitter held more positive attitudes 
toward PE. A summary of these relationships are depicted 
in Table 6. 
 

Table 6 Table of effects for relationships of PE Attitude scores 
with key explanatory variables physical activity (PA) and fitness 
(sqrtCRF)  

 PA sqrtCRF 

 β SE p β SE p 

PE 
Competence 

0.02 0.01 <0.001 1.49 0.16 <0.001 

PE Enjoyment 0.04 0.02 0.020 2.73 0.50 <0.001 

PE Relevance 0.02 0.01 0.017 0.66 0.24 0.006 

DISCUSSION 

General observations  

General observation and review of program outlines, as 
well as discussions with coaches and teachers revealed 
quite different approaches to physical education by the 
specialist and generalist teachers. The Bluearth program 
focused on an exploratory approach to movement, 
challenging the children verbally and with physical tasks 
characterized by whole body balance work and use of 
small apparatus and minor games. There was no 
involvement of traditional sport or competition, with the 
aim of maximizing a child’s engagement throughout the 
lesson. Bluearth coaches participated in almost every 
activity, encouraging and challenging children throughout 
the lesson.  In contrast, the classroom teachers focused 
more on fundamental motor skills involving practices for 
catching, throwing, hitting, kicking, running and jumping, 
with more traditional forms of fitness work such as running 
and greater involvement of traditional ball sports in a less 
interactive approach. 
 
There were more and less positive aspects of both 
programs.  For example, the   specialist taught Bluearth 
program (SPE) provided a greater amount of VPA and 
MVPA than either the CP (classroom teacher) or PDP 
(Bluearth-trained classroom teacher) program. However 
this was due to the greater length of the SPE classes, not 
the proportion of class-time spent in VPA, which tended to 
be greater in the CP classes.  
 
A generally less favorable finding was that neither program 
met the recommended PA targets for PE, that students 
should be engaged in MVPA for at least 50% of class 
time.29 However, many have argued that these targets are 
unrealistic and ambitious30-31 due to the diverse aims of PE 
that also emphasize skill practice and social, cognitive and 
moral development, which are usually at odds with the 
goal of increasing MVPA. 
 
 

A most positive finding was the solid support for the 
Bluearth program that arose from the classroom teachers 
whose pupils took part in SPE.  There was almost total 
agreement from these teachers that they felt the SPE 
program produced favorable psychosocial learning 
outcomes, including improvements in self-perception, 
academic and social benefits.  
 
On the other hand, there was evidence that the SPE 
program was unable to elicit any improvement in student 
attitudes concerning beliefs about how “good” they 
perceived themselves to be at PE in comparison to CP 
students.  Instead, attitudes toward PE competence 
declined in the SPE group relative to the CP group from 
grades 3 to 6, which presents as a concern if a major 
objective of PE is to develop positive attitudes to physical 
activity during the primary school years.   
 

Specific observations  

Physical activity levels during PE lessons  

In considering PE’s contribution to daily physical activity, 
on average students of SPE, CP and PDP groups spent 
35.4%, 40.6% and 32.9% of lesson time in MVPA 
respectively. These findings were similar to those of 
previous studies7 31-33 and equated to 16.9, 10.2 and 9.6 
minutes of MVPA per lesson for SPE, CP and PDP 
respectively. When considering the daily recom-
mendations, that children participate in 60 minutes of 
MVPA, SPE provided 28.2% of daily physical activity 
requirements for children compared with CP and PDP, 
which provided 17% and 16% respectively. These findings 
mainly reflect the variation in lesson length among the 
three groups, with SPE lessons (median=44 minutes) 
lasting on average 15 minutes longer than CP (median=29 
minutes) and over 10 minutes longer than PDP 
(median=33 minutes). 
 
Despite SPE students accruing significantly more minutes 
of MVPA during class time than CP and PDP students, the 
majority of the MVPA activity among the SPE group was 
attributed to walking activity (approximately 9 minutes out 
of 17 minutes spent in MVPA were attributed to walking 
activity). Even so, SPE students accumulated more minutes 
of VPA than CP students in the order of 5 minutes per 
lesson, and accumulated approximately 4.5 more minutes 
of VPA than when lessons were taught by a PDP classroom 
teacher.  
 
This may reflect an important characteristic differentiating 
the Bluearth intervention and control programs and may 
offer some explanation for the intervention effects that 
have been found throughout the LOOK study.  
 

Social and other learning benefits  

Providing sufficient amounts of MVPA and VPA is only one 
objective of PE, and it is important that this objective is not 
achieved at the detriment of other learning outcomes. 
Traditional games and fitness activities that were 
characteristic of CP have on occasion been associated with 
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a number of negative outcomes, such as alienating 
students who are less skilful and providing a 
depersonalized learning environment34, which may fail to 
facilitate ongoing PA participation. 
 
One of the dominant themes that emerged from teacher 
feedback related to social inclusion. Previous research has 
demonstrated that both sport and PE can influence 
inclusion by building social cohesion and social capital 
among young people35-37. The observed improvements in 
social and behavioral benefits among SPE students may 
relate to differences in lesson content and the way this 
content was presented to children. As previously 
explained, the Bluearth program focused on a more 
exploratory approach to movement compared to the more 
traditional methods utilized by CP classroom teachers. 
Other important characteristics that differentiated SPE and 
PDP from CP was the SPE teachers, and to some extent 
PDP teachers, emphasis on group discussions of game and 
skill development strategies, as well as encouraging 
periods of reflection and mindful self-awareness.  In 
addition, SPE teachers actively participated in lessons, 
encouraging children through this interaction to remain 
physically active and thereby posing as an important role 
model for such behaviour38-39. This was not characteristic 
of CP or for the majority of PDP lessons. The SPE program 
also dedicated more class minutes to fitness activity than 
the CP program. Overall, SPE teachers were able to deliver 
a more consistent program than CP teachers, evident in 
the large standard deviations found for CP.  
 

Teacher opinions 

Bluearth-trained teachers observed a number of benefits 
to students as a result of participating in the SPE program. 
These included improvements in social interaction and 
increased co-operation and teamwork and are exemplified 
by the following teacher comments: 
 

“Students now work better as a group; they are more 
co-operative and encouraging of each other. Team 
spirit has greatly improved, plus they now work both 
inside and outside the classroom with other classmates 
they would not necessarily choose to work with before” 
 
“Co-operation and respect of others was developed 
throughout the Bluearth sessions” 

 
One possible explanation for these findings may be that 
SPE not only focused on the technical development of 
movement skills, but also on the development of the 
individual as a whole and in relation to the group. Teacher 
facilitated discussion around movement challenges and 
game strategies was one method that emphasized whole 
person learning and it may be through these supported 
discussions that students were able to interact with their 
peers in a way that assisted positive peer relationships40-42.  
 
Support for such a premise has been previously 
demonstrated, where suitably trained teachers where able 
to promote the development of appropriate social skills 
through question and answer type discussions around 

situations that arose naturally during PE, and by modeling 
appropriate responses through their own behaviour43. In 
addition to social cohesion, teachers also reported several 
academic and self-perception benefits to students, which 
related to improved concentration and communication 
skills and increased confidence in undertaking challenging 
or new tasks. The following comments were typical of 
those reported by classroom teachers. 
 

“Reluctant and non-athletic students are positive and 
keen to participate in the sessions. They see the 
activities and skills as a challenge to improve self and 
not in comparison to others.” 
 
“The children are more focused and lively after 
Bluearth. They challenge themselves academically too.”  

 
Specialist-led PE emphasized personal mastery rather than 
competition, which has been shown to enhance learning44, 
and offered equal opportunities for participation 
regardless of ability, something that was not always 
present in observations of control practice PE. These 
findings are promising and sit comfortably with the 
objectives of discovery learning28 and the Bluearth 
program, to develop skills of investigation, communication 
and taking action45. In addition, they characterize SPE 
students as more active learners and highlight the 
potential for more profound positive behavior change into 
the future. 
 

Student attitudes toward PE 

Although children of SPE held more positive attitudes 
overall regarding their competence in PE compared to CP 
students, these positive attitudes declined from grade 
three to grade six.  
 
This was in contrast to control students, who showed 
increases in their attitudes toward competency in PE. In 
addition, no differences were found between the two 
groups’ attitudes relating to level of enjoyment in PE, with 
children of all groups increasing in perceived enjoyment 
from grade three to six. One possible explanation of these 
findings, and a disadvantage that has been associated with 
the guided discovery approach to learning27-28 is that 
children may have suffered from cognitive overload when 
trying to perform a skill. Students may have struggled with 
decisions about appropriate movement responses, 
particularly students of lesser ability, which may have 
limited their success in performing the activities 
presented.  
 
Although there are also many advantages to this guided 
learning and exploratory approach, such as the 
development of independence and problem solving skills, 
children may sometimes benefit from the enforcement of 
limitations on activities that narrow the child’s choices and 
hence limit the range of possible movement responses.  
Alternatively, children may not have felt sufficiently 
challenged by lesson content. An observation of the 
author, although anecdotal, was the limited differentiation 
through task in SPE, which resulted in some children not 
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being challenged at all. This may go some way in explaining 
the reduction in SPE student’s perceptions of competence 
over time.  
 
Another worrying trend was that student attitudes toward 
PE relevance declined over time for children of all groups. 
This attitude may be a reflection of the current culture in 
primary schools46. With the introduction of national testing 
for numeracy and literacy and the subsequent pressure for 
students to perform well, PE in general may be taking a 
back seat in curriculum priorities; perhaps reflected by the 
shorter PE lesson duration characteristic of the classroom 
teachers. If this is the case, our results indicate that 
students may also be inadvertently adopting the 
concerning attitude that PE is of limited relevance.  

 

Professional development program 

In considering the effectiveness of the professional 
development program, teachers receiving specialist 
training were unable to provide lessons that engaged 
students in adequate VPA or MVPA. On average, students 
receiving PDP spent a greater proportion of the lesson and 
significantly more minutes in sedentary activity than CP. 
This difference in student activity may reflect the stages of 
the learning process that teachers were undertaking, and 
the organization and management skills required to learn 
and deliver new games and activities may have influenced 
the PDP teacher’s capacity to deliver a sufficiently active 
lesson.  
 
This interpretation was supported by SOFIT findings, which 
indicated that PDP dedicated a significantly larger 
proportion of lesson time than both SPE and CP and more 
minutes than CP to management activities, providing 
further support that PDP teachers may have found it 
difficult to implement and transition between intervention 
activities effectively. By spending extensive periods of class 
time in transition or setting up activities, teachers are 
limiting opportunities for students to be physically active33. 
It is possible that teachers not trained in PE may lack the 
organizational and group management skills and strategies 
that are required when teaching outside of the classroom 
environment and this is an area that may benefit from 
extra training.  
 
Another indication that the professional development 
program may have had limited impact is the finding that 
PDP teachers behavior was not significantly different from 
CP teachers. For the majority of observed lessons, it was 
uncommon for PDP teachers to actively participate in PE 
lessons, missing the opportunity to provide a positive role 
model for students38-39.  Furthermore, although not 
presented in this chapter, there was some evidence that 
daily physical activity increased among children receiving 
SPE on days the SPE teacher was present compared to the 
days they were not. This may be an indication that PDP 
teachers are relying on SPE teachers to provide the 
majority of physical activity and the promotion of an active 
lifestyle among students. Alternatively, these findings may 
indicate that SPE teachers represent more of a role model 

for physical activity among students than classroom 
teachers, and that the presence of SPE teachers in schools 
may prompt a response in children that positively 
influences student physical activity. This finding is 
discussed in more detail in the physical activity section of 
this report. 
 

Individual influences of SPE teacher  

In contrast to CP, much less variation was found among 
SPE lessons, where a more consistent program was 
delivered. In addition, physical and psycho-social outcomes 
of SPE students were similar across SPE teachers and for 
teachers of each gender, with the exception of CRF. There 
was some evidence that the students of one coach had 
higher levels of CRF but this appears to have been 
explained by the socio-economic status of the schools 
allocated to that teacher. In addition, significant 
differences were found between coaches of different 
genders on student CRF (as measured by the MSST), with 
greater improvements found over time for students 
receiving the intervention from a male coach. Bearing in 
mind that we only had two male teachers and two female 
teachers (one of whom only taught for one year) to 
compare, caution is warranted in the interpretation of 
these findings They may reflect the differences in lesson 
content observed for male and female coaches, with male 
teachers allocating more time to fitness content and core 
movement, and female teachers allocating more time to 
game play. Conversely, these findings may just reflect the 
varying rate of development among children from 
different classes. In any case these preliminary findings 
warrant further attention. 

Observations that may require attention from 

Bluearth program planners 

 
One of the strengths of SPE was the level of the teacher’s 
physical participation; however, issues did arise due to the 
nature of this involvement. When an SPE teacher partners 
a child or joins a group, this prevented the teacher 
concerned from giving feedback to other students and 
sometimes leading to group management issues. These 
types of problems in guided-discovery styles of teaching 
represent an area that may benefit from further 
attention27-28.  
 
In addition, some aspects of the SPE and CP program alike 
may not be adequately evolving with the development and 
maturation of the children. Games that children benefited 
from and enjoyed in grade two may be seen as childish or 
not challenging enough in grade six. Under these 
circumstances, SOFIT observers noted instances where 
children would change the task themselves, which tended 
to be in a negative way; by either not participating at all, or 
by participating in unrelated tasks for their own 
enjoyment. This then impacted onto other children who 
appeared to interpret this non-verbal message in a sense 
that the activities were “babyish” or “uncool”. One 
previous study47 has indicated that participants can grow 
bored with the lack of variety and challenge if presented 
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with the same activities every year; a situation which may 
be avoided through increasing the degree of differ-
rentiation in lesson tasks to accommodate and challenge 
children of all abilities. It is re-emphasized that these 
observations applied similarly to both SPE and CP 
programs.  
 

The Professional development program 

Transition time and management activities were 
consistently high among PDP teachers, which may have 
been due to the novel content of Bluearth activities and 
games. Extra practice implementing games and activities 
prior to teaching in lessons may prove helpful, although 
may not be realistically possible due to time constraints.  
 
Training classroom teachers to minimize transition time 
(explanations, organization time) and to develop strategies 
that facilitate greater proportion of lesson time as physical 
activity is an area warranting particular attention.  
 

Classroom teacher conducted PE 

A lack of consistency in the quality of PE lessons delivered 
was evident among CP teachers. Observations of 
inappropriate teaching points associated with fundamental 
motor skills were frequently observed, reflecting a 
widespread lack of physical education competency among 
classroom teachers. From these observations, it is evident 
that classroom teachers should derive benefit from the 
support of a visiting PE specialist with regards to content 
development, lesson delivery and general support in 
organizing appropriate equipment. However, it is also 
evident that the classroom teacher must be motivated to 
teach PE in the same way that she or he is motivated to 
teach literacy and numeracy. Whether this is possible for 
the average teacher who is typically relatively inactive and 
in her mid-fifties is another matter. Confidence in best 
practice PE delivered by classroom teachers is not inspired 
by our regular observation of teachers taking PE in 
inappropriate footwear and attire, but in these teachers’ 
defense the huge variety of demands and multitasking 
requirements of the modern day primary school teacher 
often makes this sort of thing unavoidable. 
 

Potential sample bias 

Another consideration in comparing the SPE and CP groups 
is the influence of a sample bias among control teachers. 
The majority of CP teachers observed were self-selected 
and it is likely that teachers who felt confident in teaching 
PE or had some experience with physical activity were over 
represented in this sample. In addition, there were some 
instances where CP was delivered by a PE specialist who 
had been employed by the school.  It is therefore likely 
that the description of CP presented in the current study 
represents the higher end of PE available in primary 
schools in the ACT. Moreover, the difficulty encountered in 
recruiting CP teachers into the study gives some indication 
that classroom teachers did not feel comfortable having 
their PE lessons observed and may signify a lack of self-
confidence with teaching PE. Further investigation into CP 

with a more representative sample is required to better 
understand the quality of CP.  
 

Meeting curriculum requirements 

Increasing the duration of PE lessons is one approach that 
can successfully improve PA levels among children and 
something that was carried out successfully by SPE without 
detracting from other academic learning objectives. The 
variation in PE lesson duration between the three groups 
in the current study provides some indication that 
classroom teachers (both CP and PDP) may often be 
distracted by other commitments and be unable to deliver 
the 150mins of PE per week as suggested.  
 

CONCLUSIONS 

The intent of the Bluearth program to foster interest in 
physical activity is commendable and observation of the 
enjoyment displayed by children in many of the classes, 
paired with increases in perceived enjoyment during PE 
suggests that this was achieved to a certain extent. However 
from our longer term and more objective observations of 
attitudes to PE and levels of physical activity in class, it was 
evident that this opportunity could be better exploited by 
both specialist and generalist teachers.  In particular, 
student physical activity levels were low in all programs, in 
part suggesting that group and behavior management 
specific to PE may need attention. An encouraging feature of 
the Bluearth program was its recognition by classroom 
teachers as a positive influence on social cohesion among 
the students by increasing teamwork and cooperation. 
However, little benefit appeared to be gained from the 
professional development program delivered to classroom 
teachers. 

 
 
 

 

What is known on this topic 

•  There is concern that physical education in primary 
schools, usually taught by non-specialists, may not be 
achieving the desired outcomes of developing positive 
attitudes toward physical activity and increasing physical 
activity. 
 

• Physical education programs that are well-designed can 
increase MVPA during PE lesson time and have the 
potential to increase overall physical activity among 
children 

 
• Specialist PE teachers can influence student attitudes 

through their own behavior and by creating an 
environment that promotes successful participation.  
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What this study adds 

• Physical activity levels of children during current practice 
PE delivered in primary schools in the ACT are low, both 
in duration and intensity and do not meet recom-
mendations that students should participate in MVPA for 
at least 50% of class time. 
 

• SPE was able to increase the number of minutes students 
spent in MVPA and VPA compared to CP and PDP by 
increasing the lesson duration but still did not satisfy the 
requirement of MVPA for 50% of class time.  

 
• SPE teachers were actively involved in PE lessons, 

something that was not characteristic of CP or PDP 
lessons, reflecting the younger age and physical 
capabilities of visiting PE teachers. 

 
• Physical education provided by specialists using the 

Bluearth method afforded a number of psycho-social 
benefits to participating students, including improve-
ments in social and behavioral skills, academic skills and 
self-perception beliefs.  

 
• SPE was unable to improve student attitudes relating to 

enjoyment or relevance of PE above those found for CP 
students; students receiving SPE showed a decline in 
their attitude toward PE competence from grades three 
to six compared to control students. 

 
• Classroom teachers receiving Bluearth professional 

development, in the form that it was administered 
during the LOOK study, showed little differences in 
teaching behavior or in participating student levels of 
MVPA or VPA compared to CP teachers.  

 
• Many classroom teachers may benefit from developing 

behavior management strategies that are unique to 
teaching PE and to teaching outside of a classroom 
environment, as demonstrated by large amounts of 
lesson time spent in management and transition 
activities. 

 
• Bearing in mind that there were only two male and two 

female Bluearth teachers, there was some evidence of 
individual teacher variation in regard to student 
outcomes; students receiving the Bluearth program from 
male teachers showed greater improvements in CRF than 
those taught by females; and greater improvements in 
self-esteem were found for children taught by a teacher 
of the opposite gender.  
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ABSTRACT 

Background: In this section we determined whether 
physical education (PE) taught by specialists contributed to 
academic development and prevention of obesity in 
elementary school children. 
 
Methods:  During the LOOK project we conducted a 2-year 
longitudinal study involved 620 initially grade 3 boys and 
girls in Australia, all receiving 150 minutes per week of PE. 
One group (specialist-taught PE; n=312) included 90 
minutes per week of PE from visiting specialists; the other 
(common-practice PE; n=308) received all PE from 
generalist classroom teachers. Measurements included 
percentage of body fat (measured by dual-emission x-ray 
absorptiometry) and writing, numeracy, and reading 
proficiency (by government tests).  
 
Results: Compared with common-practice PE, specialist-
taught PE resulted in smaller age-related increases in 
percentage of body fat (p=0.005) and greater 
improvements in numeracy scores (p<0.03). A trend in the 
same direction, of similar magnitude, was measured for 
writing (p=0.13), with no evidence of a reading effect. 
 
Conclusion: The attenuated age-related increases in 
percentage of body fat and enhanced numeracy 
development among elementary school children receiving 
PE from specialists provides support for the role of PE in 
both preventive medicine and academic development.  
 
 
 
 
 

INTRODUCTION 

The education and health of children are prominent 
considerations in the 21st century. Although schools have 
had a traditional focus on increasing literacy and numeracy 
proficiency in children, they are increasingly being tasked 
with preventing obesity. Regular physical activity is directly 
implicated in the prevention of childhood obesity; there is 
evidence, however, that it may also benefit cognitive 
development.1,2   

 
Physical education (PE) in schools is an ideal vehicle by 
which to promote physical activity in children because it is 
available to all children, and teachers have the opportunity 
to integrate it into the overall education process. In 
government elementary (primary) schools in Australia, 
however, it is usual for PE to be conducted by generalist 
classroom teachers, many of whom have little PE teacher 
training, thereby diminishing its potential impact. In the 
United States, there is evidence of a decline in the time 
allocated to PE3–5, which may be related to the recent 
introduction of national literacy and numeracy 
assessments.6 Data indicating changes in the time 
allocated to PE in Australia over recent decades are not 
available; however, the Australian government has also 
recently introduced national assessments of literacy and 
numeracy. 
 
Two recent publications summarizing the literature 
provide education authorities with little incentive to pay 
more attention to PE, either on academic grounds or in 
relation to prevention of childhood obesity. First, a 
comprehensive review,7 although supportive of PE in 
general, could only conclude that allocating time to PE did 
not hinder classroom-based learning, a finding supported 
by a subsequent study incorporating a very large sample 
size.8 Second, researchers conducting a meta-analysis 
found little evidence to support the claim that school-
based physical activity programs were effective in 
combating childhood obesity.9 

 
We believe, however, that more positive conclusions may 
have emerged had more studies involved in the review and 
meta-analysis met certain conditions. For example, 
successful PE requires trained and motivated teachers with 
well-designed programs10, a feature lacking in some 
studies. Moreover, cross-sectional studies were frequently 
employed, which are susceptible to confounding factors 
such as socioeconomic status.11 On the other hand, there 
were 7 quasi-experimental studies considered in the 
review conducted by Trudeau and Shephard,7 from which 
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they concluded that time spent on PE did not have any 
negative impact on academic achievement. There might 
have been stronger effects on academic achievement and 
body composition had all of the following conditions been 
met within the one study: (1) involvement of specialist PE 
teachers; (2) provision of sufficient intervention time and 
numbers of participants; (3) reliable and valid academic 
assessments; (4) reliable assessment of body fat; (5) 
appropriate control for age-related development. 
 
Complying with these conditions, we investigated whether 
PE delivered by visiting specialist PE teachers in 
elementary schools influenced the academic performance 
and body composition of mid-elementary school children. 

METHODS 

We used a multilevel randomized quasi-experimental 
design involving an intervention conducted by visiting 
specialist teachers (specialist-taught PE) and a control 
group where classroom teachers continued with 
commonly practiced PE programs (common-practice PE). 
As a control group without PE is neither practically nor 
ethically acceptable, we calculated the effect of specialist-
taught PE in reference to the effect of common-practice 
PE. 
 
We recruited schools from an Australian education 
jurisdiction through invitations to the principals in 2005. Of 
31 schools invited, 30 schools accepted, and we randomly 
assigned 13 schools (32 classes) to the specialist-taught PE 
group and 16 schools (36 classes) to the common-practice 
PE group after ensuring that the following conditions were 
satisfied. Firstly, to match schools as well as possible in 
terms of the socioeconomic status of their suburbs, their 
facilities, general administration, and teaching methods, 
we chose government-funded schools in outer-city 
suburbs of similar average family income as indicated by 
data supplied by the Australian Government Bureau of 
Statistics. Secondly, we ensured that specialist-taught and 
common-practice schools were geographically far enough 
apart to minimize any chance of a specialist-taught PE 
influence on common-practice PE programs. 

 

Statistical methods  

Our measurements have a multilevel structure, involving 
variation between schools, between children within 
schools, and within children. We chose to analyze changes 
in the literacy and numeracy scores (from grade 3 to grade 
5) as the response variables, thus eliminating statistical 
complication arising from dependencies associated with 
the repeated-measures nature of these data. However, we 
included “school” as a random factor to allow for the 
possibility of a school (cluster) effect on the changes in the 
literacy and numeracy scores. We used linear mixed 
modeling to quantify and assess the effects of specialist-
taught PE on the differences between grade 5 and grade 3 
literacy and numeracy scores and percentage of body fat, 
these models including adjustment for any effect of 

variation in the initial (grade 3) measurements on these 
differences. Other concomitant variables such as gender, 
physical activity, cardiorespiratory fitness and percentage 
of body fat were considered and assessed as possible 
confounders of group effects and variables physical activity 
and CRF were scaled by square roots to better meet 
linearity assumptions. For statistical computation, we used 
the statistical package GenStat for Windows (VSN 
International Ltd, Oxford UK). 
 
As part of the characterization and comparison of the 
specialist-taught and common-practice programs, we 
compared data obtained from observations of specialist-
taught and common-practice classes using a linear mixed 
model analysis of the empirical logits of percentage values, 
adjusted for random school effects. 
 

Participants 

The 620 participants were part of the Lifestyle of Our Kids 
(LOOK) study, as previously described12. Initially, they were 
in grade 3 of elementary school. Children’s ethnic descent 
(1 or both parents) was as follows: White, 86%; Asian, 8%; 
Australian Aboriginal or Torres Strait Islander, 3%; 
Polynesian, 1%; data missing, 2%. 
 

Specialist-taught and common-practice groups 

Responding to a questionnaire, teachers from all schools 
(both specialist-taught and common-practice groups) 
reported that children received an average of 150 minutes 
per week of PE, including sport, over the 2 school years, 
thereby satisfying local curriculum requirements. In all of 
our schools, all PE was conducted within school hours. The 
specialist-taught intervention was conducted in 13 schools 
by one of three visiting PE teaching specialists and involved 
2 classes of 45 to 50 minutes per week for 75 of the 80 
weeks of school over the 2-year period. The general 
classroom teachers associated with the specialist-taught 
group conducted the remaining 50 to 60 minutes of PE in 2 
or 3 extra sessions per week. All 3 visiting specialist 
teachers were trained physical educators and received 
further training through the Bluearth Foundation, a 
registered charitable organization with the aim of 
improving health through physical activity.13 The PE in the 
common-practice group was conducted only by general 
classroom teachers. 
 

Factors differentiating the specialist-taught and 

common-practice programs 

We derived pertinent differentiating characteristics from 
class observations involving the SOFIT method14 (6 
observers were involved, and observer agreement met the 
required standards), from questionnaires to teachers, and 
from curriculum framework manuals from both the 
Bluearth Foundation and the local education authority. 
 
The SOFIT data are shown in Table 1. There was a 
significant difference in the median percentage of class 
time devoted to vigorous physical activity, which 
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represents an intensity of physical activity greater than 
that of normal walking (14.6% for specialist-taught PE vs 
21.5% for common-practice PE (P<0.001) and some 
indication (P=0.06) of a difference in median percentage of 
lesson time devoted to moderate and vigorous physical 
activity (35.4% for specialist-taught PE vs 40.6% for 
common-practice PE). However, the specialist-taught PE 
lessons devoted a significantly (P<0.001) larger median 
percentage of lesson time to activities related to fitness, 
including strength, flexibility, and static and dynamic 
postural activities (17.6% for specialist-taught PE vs 2.1% 
for common-practice PE). Common-practice fitness work 
was mainly through walking and running activities, 
whereas specialist-taught PE emphasized strength, 
balance, and postural control. There was little evidence 
(P=0.11) of any difference in the percentage of time spent 
on skill-related activities between the groups. The 
specialist teachers spent a greater median percentage 
(P<0.001) of the lesson personally demonstrating and 
participating in fitness-related activities than the common-
practice teachers (25.7% for specialist teachers vs 6.3% for 
common-practice teachers). SOFIT observers also reported 
less variation in content and structure of the specialist-
taught program, suggesting a more consistent approach to 
lesson planning and delivery by the specialist teachers. 
 
We obtained further understanding of the differences in 
the specialist-taught and common-practice programs over 
the 2 years through our regular observations of lessons, 
discussions with the teachers, and reference to the 
respective teaching manuals. Differences included the 
following: (1) in providing moderate and vigorous physical 
activity, common-practice PE classes predominantly used 
walks, runs, and traditional games, whereas specialist 
teachers employed minor games and group activities; (2) 
in teaching skills, the common-practice method was to 
introduce the skills (e.g., catching, throwing, hitting, and 
kicking) through structured practices in groups typical of 
traditional practices for sports such as football or 
basketball, whereas the specialist teachers developed skill 
through a less structured exploratory approach involving 
individual, partner, and small-group practices with balls, 
beanbags, hoops, and Frisbees; (3) the specialist teachers, 
but not the common-practice teachers, emphasized 
development of posture, balance, and breathing control 
through a variety of yoga-like static and dynamic activities, 
which often required muscular strength; (4) the specialist 
teachers always participated in activities, whereas 
common-practice teachers usually did not; (5) the 
specialist teachers, but not the common-practice teachers, 
consistently encouraged individual and group discussions 
of game and skill development strategies and introduced 
quiet periods of reflection at the end of the lesson. Finally, 
and of interest to educational authorities, the 
sustainability and economic viability of the specialist-
taught PE program was enhanced by an ongoing course of 
professional development for the classroom teachers 
provided by the visiting specialists.13 

 

 

TABLE 1 Median Percentages of Class Time spent on various 
activities in Specialist-Taught and Common-Practice Physical 
Education as Determined by SOFIT14 Observations: Australia, 
Canberra, ACT. 

 SOFIT14 
Characteristica 

Specialist-
Taught PE, % 

Common-
Practice PE, % 

Pb 

Moderate or vigorous 
physical activityc  

35.4 40.6 .06 

Vigorous physical 
activityd  

14.6 21.5 <0.001 

Fitness activitye  17.6 2.1 <0.001 

Skills practicesf  12.1 10.6 0.11 

Activity 
demonstrationg  

25.7 6.3 <0.001 

         
Note. aThere were 97 SOFIT14 observations of specialist-taught physical 
education classes and 97 observations of common-practice physical 
education classes . SOFIT is a system where the activities of four 
randomly selected children and the teacher are observed on a rotational 
basis. The duration of each unit of observation is 10 seconds followed by 
10 seconds of recording and this is continued for the entirety of the class. 
bP values apply to differences between mean logit percentage values 
following a formal linear mixed-model analysis adjusting for random 
school effects. cModerate or vigorous physical activity denotes activity in 
which the energy required for normal walking (or more) is expended.  
dVigorous physical activity denotes activity in which more energy than 
that required for walking is expended. eComprised cardiovascular 
endurance, strength, or flexibility activity. fComprised ball or movement 
skill activities. gTeacher demonstrated or participated in class activities.  

 

Measurements 

We measured the children’s heights using a portable 
stadiometer to the nearest 0.001 m and body weight with 
portable electronic scales to the nearest 0.05 kg. Our 
measurement of body composition was by dual-energy x-
ray absorptiometry (DXA; Hologic Discovery QDR Series, 
Hologic Inc, Bedford, MA), and QDR Hologic Software 
Version 12.4:7 from which we calculated the percentage of 
body fat. We employed the 20-m multistage run to 
estimate cardiorespiratory fitness, this being a well 
established as a field test for children.15 To measure 
physical activity, children wore pedometers on their hip for 
7 consecutive days, and a we calculated a physical activity 
index as previously described.16 The same technician was 
involved for every DXA measurement in both grade 3 and 
grade 5, and the same scientist was involved in every 
physical activity and fitness measurement, supervising a 
small team of technicians. 

Literacy and numeracy measures 

The classroom teachers administered the literacy and 
numeracy tests in grade 3 and grade 5 (2006 and 2008). In 
grade 3, the tests were designed and assessed by the local 
government education authority; in grade 5, the tests 
were the responsibility of the Australian Curriculum, 
Assessment and Reporting Authority in conjunction with 
the local jurisdiction.17 The latter body was responsible for 
the scaling of the data. All children undertook the same 
pairs of tests in grade 3 and grade 5. 
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Timing of measurements 

Children undertook the PA, fitness and body composition 
assessments in the same order and in the same months in 
grades 3 and 5, in 2006 and 2008 respectively, and were 
finished 3 weeks prior to the start of the specialist-taught 
PE intervention, which began in April 2006. Because this 
study was part of a multidisciplinary study involving 
several areas of investigation, it was necessary to 
introduce the intervention 2 months before the first 
literacy and numeracy assessments in grade 3. The 
intervention continued through all of the second 
assessments in grade 5. 

RESULTS 

 
Table 2 summarizes raw data describing the participants’ 
characteristics, together with summaries of the raw values 
of physical activity, cardiorespiratory fitness, percentage of 
body fat, and literacy and numeracy scores measured in 
grades 3 and 5, cross-classified by gender, year, and group. 
Effects of Specialist-Taught Physical Education on Perce-
ntage of Body Fat, Physical Activity, and Cardiorespiratory 
Fitness. 
 

Percentage of body fat 

As shown in Figure 1, the mean increase in percentage of 
body fat in the specialist-taught group was 0.66 perc-
entage points less than in the common-practice group 
(p=0.02), with little evidence (p=0.10) of any gender-by-
intervention interaction. Adjustment for potential 
confounders, in this case for physical activity and CRF, did 
not account for the intervention effect. For purposes 
outlined in Discussion, we also analyzed the effect of the 
specialist-taught program on the surrogate of adiposity, 
body mass index (BMI); defined as weight in kilograms 
divided by height in meters squared, but there was little 
evidence of any effect (p>0.2). 
 

Physical activity and fitness 

There was little evidence of any differences between 
specialist-taught and common-practice PE in changes in 
physical activity or cardiorespiratory fitness during the 
period of investigation (p>0.1 in both cases). 

 

Effects of Specialist-Taught PE in relation to 

Common-Practice PE 

Numeracy 

As shown in Figure 2, the average improvement in 
numeracy score over the 2 years was 10.9 points greater in 
the specialist-taught group than in the common-practice 
group (p<0.03), with no significant interaction between 
gender and intervention (p=0.73). This difference  
 
 

 
 
 
represented 2.2% of the overall average final numeracy 
score.  

Writing 

The average improvement in writing score was 10.1 points 
greater in the specialist-taught group than in the common-
practice group, but it was not statistically significant 
(p=0.13) and there was no interaction between gender and 
intervention (p=0.52).  

Reading 

The average improvement in reading score was 5.8 points 
greater in the specialist-taught group than in the common-
practice group, but it was not statistically significant 
(p=0.41) and there was no interaction between gender and 
intervention (p=0.88). 
 
We also analyzed the relationships between the academic 
results and each of physical activity, cardiorespiratory 
fitness and percentage of body fat. However when we 
combined all data or analyzed data by group or gender, we 
detected no significant relationships (all p>0.1). 
 
 

 
 

Figure 1 Graphical representation of the changes (means and 
standard errors) in percentage of body fat over 2 years, from 
grades 3 to 5 (2006 to 2008), for the specialist-taught and the 
common-practice physical education groups, boys and girls 
combined, with adjustment for initial value. Note. The effect is 
the value by which the specialist-taught group improved more 
than the common-practice group, and its significance is shown. 
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TABLE 2 Physical and Performance Characteristics of Participants, With Raw Data Cross-Classified by Gender, School Grade, 
and Physical Education (PE) Group: Australia, Canberra, ACT. 
 
 
 Grade 3, 2006 Grade 5, 2008 

 Specialist-Taught PE Common-Practice PE Specialist-Taught PE Common-Practice PE 

Height, cm     
Males 132.0 131.2 141.9 141.5 
Females 130.1 130.5 140.6 141.0 

Weight, kg     
Males 29.8 29.6 36.5 36.7 
Females 29.4 29.9 36.7 36.9 

Body fat, %     
Males 23.0 22.6 24.1 24.8 
Females 28.0 28.0 28.8 28.8 

BMI, kg/m2     
Males 17.0 17.1 18.0 18.2 
Females 17.2 17.4 18.4 18.4 

PA (square root  
of steps/day      

Males 108.6 107.7 102.7 103.1 
Females 97.4 98.4 93.1 94.7 

CRF (square root of 
run stages reached)      

Males 2.01 2.01 2.35 2.33 
Females 1.81 1.86 2.06 2.07 

Numeracy score 
    

Males 418.6 425.3 499.7 489.9 
Females 414.5 419.6 482.6 473.8 

Writing score     
Males 408.0 402.1 482.3 466.2 
Females 439.6 427.0 505.5 492.9 

Reading score     
Males 415.2 406.9 498.0 486.3 
Females 439.6 429.4 521.1 505.2 

 
Note. BMI=body mass index; PA=physical activity; CFR= cardiorespiratory fitness 
For males, n=158 and 159 for specialist-taught and common-practice PE, respectively; for females, n=154 and 149 for specialist-
taught and common-practice PE, respectively; this number of repeated measures varied slightly in each measure. There were no 
significant differences between the specialist-taught and common-practice groups in any of the baseline measures (P>.05). 
Information on the methods of scaling of the literacy and numeracy scores is available from the Australian National Assessment 
Program website.17 
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Figure 2  Graphical representation of the changes (means and 
standard errors) in the numeracy score over 2 years, from 
grades 3 to 5 (2006-2008), for the specialist-taught and the 
common-practice physical education groups, boys and girls 
combined, with adjustment for initial values: Australia, 
Canberra, ACT. Note. The effect is the value by which the 
specialist-taught group improved more than the common-
practice group, and its significance is shown.  

 
 

DISCUSSION 

 
Our data indicate that an appropriately designed and 
administered PE program can produce benefits to 
elementary school children, not only by attenuating 
increases in percentage of body fat typical of children in 
this age group but also by enhancing numeracy 
development. 
 
It is possible for an analysis of an intervention to 
demonstrate statistically significant effects even though 
the magnitudes of the changes raise doubt as to their 
practical effect in the community. The practical 
significance of the 10.9-point greater improvement in 
numeracy score in the specialist-taught group was 
illustrated by an announcement from the local 
jurisdiction’s minister for education that specialist literacy 
and numeracy teachers were to be employed with the aim 
of improving overall scores by 9 points. 
 
Body fat increased 0.66% less in the specialist-taught 
group than in the common-practice group. The practical 
significance of this finding is illustrated when we convert 
the percentage to the absolute amount of fat: 
approximately 0.24 kg in both genders. With the average 
increases in fat mass over the 2 years being very close to 
2.2 kg for both boys and girls, the specialist-taught effect 
of 0.24 kg was a reduction in fat mass increase (relative to 
common-practice group) of about 11% in both genders. 
 

Our data do not support the conclusion of the meta-
analysis9 that school-based physical activity interventions 
are ineffective at improving body composition. However, 
our findings relating to body composition are consistent 
with a more recent study conducted over 1 year with Swiss 
children18 that was not considered in the meta-analysis. 
The Swiss researchers, who also employed a PE 
intervention conducted by PE specialists and control 
groups in which PE was taught only by classroom teachers, 
reported lower age-related increases in skinfold sum and 
BMI in the intervention group. 
 
Notwithstanding the BMI attenuation observed in the 
Swiss study, a factor that may have confounded the 
conclusions of the previously cited meta-analysis9 was the 
common use of BMI to represent change in body 
composition in the studies considered. BMI measures do 
not distinguish between changes in fat mass and lean body 
mass. Consequently, when BMI is used, any reduction in 
fat mass induced by an intervention may be masked by a 
simultaneous increase in lean mass. Moreover, BMI may 
pose further problems when used as a surrogate of 
adiposity in children,19 as illustrated by its failure to detect 
any specialist-taught PE effect in our current work, despite 
a clear specialist-taught PE effect on percentage of body 
fat as shown by DXA. 
 
Irrespective of the quasi-experimental design of our study, 
we acknowledge the need to exercise caution regarding 
any assertions of causality. Nevertheless, our data do 
promote certain insights that may encourage collegial 
debate, and we offer the following comments. 
 
Evidence derived from cross-sectional relationships has 
stimulated interest in physical activity,20 cardiorespiratory 
fitness,6 and adiposity21 as potential influences on literacy 
and numeracy, and evidence from animal and human 
neuroimaging1 has linked physical activity and CRF with 
cognitive function. Indeed, a consensus view of prominent 
researchers in the field of neurobiology and exercise 
science was that voluntary physical activity and exercise 
training can favorably influence brain plasticity by 
facilitating neurogenerative, neuroadaptive and neuro-
protective processes .22 

 
In the current study, however, we found little evidence of 
any relationships between changes in the literacy and 
numeracy scores and changes in physical activity, 
cardiorespiratory fitness, or percentage of body fat. Our 
longitudinal data therefore cannot be used to support any 
argument that physical activity, cardiorespiratory fitness, 
or percentage of body fat has a direct causal effect on 
literacy and numeracy development. We therefore suggest 
another possibility. 
 
In recent decades, there has been considerable 
neuropsychological and imaging evidence of cerebro-
cerebellar interaction, implicating cerebellar function with 
cognitive function such as executive control, memory, and 
learning.23,24 Balance and postural challenges were 
prominent features of specialist-taught PE but not 



 
 

44 
 

common-practice PE, and the role of the cerebellum in 
balance and postural control is well established. This in 
turn provides a foundation for the suggestion that the 
influence of the specialist-taught PE on academic 
achievement may have been mediated, at least in part, 
through cerebellar function. This suggestion is supported 
by a study of adolescents that found that just 10 minutes 
of specific coordination activity, compared with 10 
minutes of general physical activity, improved attention 
and concentration.25 If improved concentration was a 
mediator of the effect of specialist-taught PE on academic 
development, then improved concentration may have 
resulted from the demands made on concentration 
powers associated with attempting to master complex 
balance challenges. Interestingly, several classroom 
teachers did make unsolicited comments that the 
specialist-taught PE program seemed to be improving 
concentration in class.  
 
Another distinct program variation with potential influence 
was the specialist teachers’ regular interaction with the 
children in analyzing and discussing movement challenges 
and game strategies. Observations have been made that 
successful PE requires motivated, well-trained teachers,10 
and that learning is likely to be enhanced when school 
settings emphasize mastery and understanding of skills.26 
Given the plasticity of developing brain, nerve, and muscle, 
together with the interaction of these organs, the 
specialist-taught PE program, in linking analytical thought 
with movement tasks, provides another possible avenue 
by which specialist-taught PE may have influenced the 
numeracy scores. 
 
In any case, our study provides further supporting 
evidence for the suggestion that exercise may prove to be 
a simple, yet important, method of enhancing those 
aspects of children’s mental functioning central to 
cognitive development. 27  

 
Regarding the mechanisms behind the percentage of body 
fat attenuation, we did not detect any change in physical 
activity between the groups. However, the 7-day 
pedometer records measure only walking and running 
activity and may not have been sufficiently specific or 
sensitive to detect any small average increase in weekly 
energy output of the specialist-taught vs common-practice 
group capable of influencing percentage of body fat over 2 
years. On the other hand, any specialist-taught PE 
attenuation effect on percentage of body fat implies a 
corresponding augmentation of percentage of lean mass. 
We therefore suggest that the specialist-taught PE 
program may have influenced percentage of body fat 
through its effect on lean mass, induced via its emphasis 
on strength-related activities. 
 
Strengths of our study included the relative homogeneity 
of the schools and the statistical model, which included 
adjustments for potentially confounding issues including 
socioeconomic status; the objectivity of physical activity, 
cardiorespiratory fitness, and percentage of body fat 
measurements and the continuity of measurement 

personnel; the administration of identical teacher-
independent literacy and numeracy tests to all children; 
and the objective measures applied in differentiating the 
specialist-taught and common-practice PE programs.  
 
The main limitations included our inability to incorporate a 
true control group that had no PE, the reliance on 
classroom teachers’ reports of allocated time, and the 
possible inability of 7-day pedometer measures to detect 
small variations in energy output. Moreover, the 
intervention effects may have been more significant had 
the specialist teachers taught all lessons each week. 
However, the collaboration between the specialist and 
classroom teachers was considered a more economically 
realistic and sustainable proposition in terms of attracting 
government funding in elementary schools. Finally, in any 
longitudinal work, a note on loss of data or attrition is 
relevant. Apart from the 620 children measured in both 
grades 3 and 5, we obtained some measures on a further 
130 children in grade 3. Absences from school during 
measurement periods, either initially or in grade 5, 
precluded the use of their data in our analyses. However, 
there is no reason to suspect that the reduction in our data 
set influenced the nature of any of our findings. 
 
In summary, our data provide evidence that PE 
administered over 2 years by specialist teachers (assisted 
by the classroom teachers) can contribute to body 
composition control and academic achievement in 21st-
century elementary schools. 
 

What we already know 

• Physical activity and fitness have been associated with 
cognitive performance 

• Physical education in schools has not been shown to 
increase academic performance but adding physical 
education to the curriculum does not impede academic 
performance 

• Physical education in schools has generally made little 
impact on body fat levels, although one recent study 
provided evidence to the contrary. 

 

What this study adds 

• Children who participated in the Bluearth specialized 
physical education improved performance in the 
NAPLAN national numeracy tests when compared with 
children who undertook usual physical education 
conducted by classroom teachers. 

• Children who participated in the Bluearth program 
during this period benefitted by an attenuation in their  
age-related increases in percent body fat  

• Well-designed physical education can concurrently 
contribute to both academic progress and preventative 
medicine. 

 
 
 
 



 
 

45 
 

REFERENCES 

 
1. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart: 

exercise effects on brain and cognition. Nat Rev Neurosci. 
2008;9(1):58–65. 

2. Strong WB, Malina RM, Blimkie CJ, et al. Evidence based physical 
activity for school-age youth. J Pediatr. 2005;146(6):732–737. 

3. Coe DP, Pivarnik JM, Womack CJ, Reeves MJ, Malina RM. Effect of 
physical education and activity levels on academic achievement in 
children. Med Sci Sports Exerc. 2006;38(8):1515–1519. 

4. Rentner DS, Scott C, Kober N, et al. From the Capital to the Classroom: 
Year 4 of the No Child Left Behind Act. Washington, DC: Center on 
Education Policy, 2006. 

5. Thomas KT. Riding to the rescue while holding on by a thread: physical 
activity in the schools. Quest. 2004;56:150–170. 

6. Chomitz VR, Slining MM, McGowan RJ, Mitchell SE, Dawson GF, Hacker 
KA. Is there a relationship between physical fitness and academic 
achievement? Positive results from public school children in the 
northeastern United States. J Sch Health. 2009;79(1):30–37. 

7. Trudeau F, Shephard RJ. Physical education, school physical activity, 
school sports and academic performance. Int J Behav Nutr Phys Act. 
2008;5:10. 

8. Carlson SA, Fulton JE, Lee SM, et al. Physical education and academic 
achievement in elementary school: data from the early childhood 
longitudinal study. Am J Public Health. 2008;98(4):721–727. 

9. Harris KC, Kuramoto LK, Schulzer M, Retallack JE. Effect of school-based 
physical activity interventions on body mass index in children: a 
meta-analysis. CMAJ. 2009;180(7):719–726. 

10. Bailey R. Physical education and sport in schools: a review of benefits 
and outcomes. J Sch Health. 2006;76(8):397–401. 

11. Lindner K. The physical activity participation-academic performance 
relationship revisited: perceived and actual performance and the 
effect of banding (academic tracking). Pediatr Exerc Sci. 
2002;14(2):155–169. 

12. Telford RD, Bass SL, Budge MM, et al. The lifestyle of our kids (LOOK) 
project: outline of methods. J Sci Med Sport. 2009;12(1):156–163. 

13. Bluearth Foundation. Bluearth approach. Available at: 
www.bluearth.org. Accessed November 28, 2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

14. McKenzie TL, Sallis JF, Nader PR. SOFIT: System for Observing Fitness 
Instruction Time. J Teach Phys Educ. 1991;11(2):195–205. 

15. Tomkinson GR, Leger LA, Olds TS, Cazorla G. Secular trends in the 
performance of children and adolescents (1980–2000): an analysis of 
55 studies of the 20m shuttle run test in 11 countries. Sports Med. 
2003;33(4):285–300. 

16. Telford RD, Cunningham RB, Telford RM. Day-dependent step-count 
patterns and their persistence over 3 years in 8-10-year-old children: 
the LOOK project. Ann Hum Biol. 2009;36(6):669–679. 

17. Australian Curriculum Assessment and Reporting Authority. National 
Assessment Program: Literacy and Numeracy. Available at: 
www.naplan.edu.au. Accessed November 27, 2010. 

18. Kriemler S, Zahner L, Schindler C, et al. Effect of school based physical 
activity programme (KISS) on fitness and adiposity in primary 
schoolchildren: cluster randomized controlled trial. BMJ. 
2010;340:c785. 

19. Telford RD, Cunningham RB. Reformulation of BMI and percent body 
fat to remove the height bias in 8-year-olds. Obesity (Silver Spring). 
2008;16(9):2175–2181. 

20. Taras H. Physical activity and student performance at school. J Sch 
Health. 2005;75(6):214–218. 

21. Judge S, Jahns L. Association of overweight with academic 
performance and social and behavioral problems: an update from the 
early childhood longitudinal study. J Sch Health. 2007;77(10):672–
678. 

22. Dishman RK, Berthoud HR, Booth FW, et al. Neurobiology of exercise. 
Obesity (Silver Spring). 2006;14(3):345–356. 

23. Steinlin M. Cerebellar disorders in childhood: cognitive problems. 
Cerebellum. 2008;7(4):607–610. 

24. Strick PL, Dum RP, Fiez JA. Cerebellum and nonmotor function. Annu 
Rev Neurosci. 2009;32:413–434. 

25. Budde H, Voelcker-Rehage C, Pietrabyk-Kendziorra S, Ribeiro P, Tidow 
G. Acute coordinative exercise improves attentional performance in 
adolescents. Neurosci Lett. 2008;441(2):219–223. 

26. Meece JL, Anderman EM, Anderman LH. Classroom goal structure, 
student motivation, and academic achievement. Annu Rev Psychol. 
2006;57:487–503. 

27. Tomporowski PD, Davis CL, Miller PH, Naglieri JA. Exercise and 
children’s intelligence, cognition, and academic achievement. Educ 
Psychol Rev. 2008;20(2):111–131. 



 
 

46 
 

ACADEMIC PERFORMANCE AND THE SCHOOL CULTURE 

 

 

Academic Achievement, Physical Activity, Fitness, 

Adiposity and The School 

 
Principal Authors: Richard D. Telford, Ross B 
Cunningham, and Rohan M. Telford  
 
 

ABSTRACT 

 
Background:   Physical activity and fitness have been 
associated with cognitive ability in children with evidence 
that children who are fitter and more active may be in a 
better position to learn in the school environment.   
 
Objective: To throw some light on the question as to 
whether the relationships between fitness and physical 
activity with scholastic learning in children may be 
mediated at least in part by the school environment.  
 
Setting:  The Australian LOOK longitudinal study 
 
Methods: Relationships of academic achievement 
(government literacy and numeracy tests) with physical 
fitness (multi-stage run), physical activity (pedometers) 
and percent body fat (dual emission X-ray absorptiometry) 
were examined at both the aggregate school level and the 
individual child level using data collected from 757 children 
in 29 elementary schools. Statistical adjustments included 
gender, grade and socioeconomic status.  
 
Main outcomes: Between-school relationships of the 
academic scores with fitness and physical activity were 
strong and positive, with some evidence of (negative) 
relationships with percent body fat.  The between-child 
relationships were weaker, and non-existent with percent 
body fat.  
 
Conclusion:  Stronger between-school than between-child 
relationships favor the argument that variation in school 
cultures, characterized by concurrent attention to fitness 
and academic achievement, might play a more dominant 
role in explaining these relationships than any direct effect 
of fitness on academic achievement.   
 
 
 
 
 

 

Numbers of Observations 

  
Measurements Boys Girls 

     

Grade 2 
(2005) 

 

Academic Results 
Fitness 
Physical Activity 
Body composition 

389 368 

     

Grade 4 
(2007) 

 

Academic Results 
Fitness 
Physical Activity 
Body composition 

352 333 

     

INTRODUCTION 

As in other parts of the world, academic standards of 
schools in Australia are under public scrutiny through 
recent introduction of national literacy and numeracy 
testing.  At the same time teachers are aware that many 
children are overweight and insufficiently active. Teachers 
are therefore faced with making decisions as to how much 
curriculum time should be committed to physical activity 
pursuits, given these take time away from classroom 
teaching of literacy and numeracy. 
 
Consequently there is considerable interest in the 
relationships between academic achievement, physical 
activity (PA) and cardio-respiratory fitness (CRF).  A recent 
review considered the weight of cross-sectional evidence 
to conclude that physically fitter children perform 
cognitive tasks more rapidly, and that relatively short and 
specific aerobic exercise training interventions improve 
executive function, a form of mental processing involving 
strategically-based decision making 1. Cross-sectional 
studies also indicate positive associations between 
academic achievement and PA or CRF, but longitudinal 
investigations of PA programs in schools are less decisive, 
reviews concluding they exert neither a positive nor 
negative impact 1-5.  
 
One of the more recent reports 6 involved a cross-sectional 
investigation of 259 grade 3 and grade 5 students in four 
schools. This study supported previous findings of 
significant relationships between academic achievement 
and CRF 7-9, and made reference to a comment in a 
previous report 10 that the relationship between academic 
achievement and PA might be explained, at least in part, 
by positive student and teacher attitudes to both academic 
achievement and PA. These workers went on to suggest 
that further research should target the mechanisms 
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behind the relationships, recommending that socio-
economic status (SES) should be included in any such 
investigation.  
 
In order to throw some light on mechanisms, these 
relationships were explored not only at the between-child 
level but also at the between-school (cluster) level. Little 
attention has been given to investigations of the 
relationships between academic achievement and PA and 
CRF at the school level.  One study that did address 
relationships in this way was carried out in Hong Kong, 
where schools are “banded” 1-5 according to the academic 
standard of its pupils; band 1 accepting the highest 
achievers and band 5 the lowest 11. Schools achieving 
better academic results tended to have higher levels of PA, 
but interpretation of these findings is clouded in that 
higher banded schools generally had better facilities and 
greater access to sports programs as well as higher fees, so 
relationships may have reflected a bias in family and/or 
school district socioeconomic status (SES). 
 
Our primary objective was to determine the relationships 
between academic achievement and CRF, PA and percent 
body fat (%BF) at the school (or cluster) level as well as the 
child level, and to make use of the relative strength of 
these relationships to provide insights into underlying 
mechanisms. In accordance with the above-mentioned 
recommendations 6 an appropriate index of SES was 
introduced. Also incorporated was a more appropriate 
method of measuring %BF than use of its surrogate BMI, 
and statistical power was increased by involving both more 
participants and schools. 

METHODS 

 

Participants 

This study was part of the Lifestyle of our Kids (LOOK) 
longitudinal study involving 30 elementary (primary) 
schools in an Australian education jurisdiction as 
previously described 12 and the characteristics of the 
sample of 757 participants are set out in Table 1. 
Approximately 86% of the children had one or both 
parents of Caucasian descent, 8% of Asian descent, 3% 
Australian Aboriginal or Torres Strait Islander or 1% 
Polynesian, and we had no data on 2% of the families.  
 
Schools involved in this study were from the outer suburbs 
of the territory where the socioeconomic characteristics 
were similar as indicated by the relatively confined range 
of 178 units on the Australian Bureau of Statistics 
advantage-disadvantage scale (2006), compared with the 
range of Australian suburbs overall of 653. The relative 
homogeneity of the schools in our study was also indicated 
in that all schools were part of a local jurisdiction public 
education system, receiving similar funding with teachers 
and principals all drawn from the same overall pool.  

 

 

Measurements 

Anthropometry  

Height was measured by a portable stadiometer to the 
nearest 0.001 m and body mass by portable electronic 
scales to the nearest 0.05 kg. Body composition was 
measured using dual energy x-ray absorptiometry (DXA, 
Hologic Discovery QDR Series, Hologic Inc., Bedford, MA, 
USA) and QDR Hologic Software Version 12.4:7 was used 
to generate fat mass from which %BF was calculated. For 
the DXA measurements, the same technician was involved 
for every measurement in both grades 3 and 5. 

Fitness and physical activity 

The 20-meter multistage run was used to estimate CRF, 
being well-established as a field test with children 13. To 
measure PA, children wore pedometers on their hip for 
seven consecutive days and a PA index calculated as 
previously described 12. The same scientist was involved in 
every PA and fitness measurement, supervising a small 
team of technicians.  

Literacy and numeracy   

The literacy and numeracy tests were administered in 
grade 3 and grade 5 (in 2006 and 2008) by the classroom 
teachers. In grade 3 the tests were designed and assessed 
by the local government education authority and in grade 
5 all the tests, including the scaling of results, became a 
national responsibility 14. It is recognized that whilst 
literacy and numeracy are important components of 
academic achievement, they do not represent a child’s 
academic achievement in its entirety. Reference to 
academic achievement in the context of this study is 
limited to that represented by the government literacy and 
numeracy test scores. 

Socio-economic status (SES) 

The Australian Bureau of Statistics Index of Relative Socio-
economic Advantage and Disadvantage (SEIFA) was 
employed 15. This value is a continuum of advantage (high 
values) and disadvantage (low values) derived from 
government Census variables such as income, educational 
attainment, and employment. The territory in which the 
schools were situated is relatively homogeneous in this 
regard, and the average SES index of the suburbs in our 
study (1085 ± SD 40 and range 982-1160) was higher than 
the average index of all towns and cities throughout 
Australia (980 ± 84, 598-1251).  
 

Procedure 

Government designed literacy and numeracy tests were 
administered on two occasions, first in grade 3 of 
elementary school when the average ages of the boys and 
girls were both 8.5 (SD=0.3) years and again in grade 5 at 
the same time of the year. All other assessments were 
performed in the same order and in the same months prior 
to the literacy and numeracy tests administered in grades 
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3 and 5. The DXA %BF tests, the 7-day pedometer tests, 
and the CRF tests were completed two months prior to 
each of the two literacy and numeracy assessments. 
This study was approved by the ACT Health and 
Community Care Human Research Ethics Committee and 
the Ethics Committee at The Australian Institute of Sport. 
Parental and child consent was obtained for all measures 
in this study.   
 

Design 

The study design features each school as the semi-
randomized unit of measurement, facilitating exploration 
of relationships between academic achievement, PA, CRF 
and %BF at the level of the school, as well as investigating 
relationships at the between-child level. Given potential 
relationships of each of these variables with each other as 
well as with SES it was important to apply statistical 
adjustment and an appropriate statistical model.  
 

Statistical methods 

The following description is of a statistical model designed 
to determine relationships at the between-child and 
between-school levels as well as at the within-child 
(longitudinal) level. The current study reports on the 
between-child and between-school relationships, but 
because another aspect of the LOOK study involved a 
physical education intervention over successive years, 16 it 
was important to account for any potential effect of this 
on the between-child and between-school analyses. 
Consequently, details of the model are presented in its full 
form. 
 
The data are multi-level and the response variables 
representing academic achievement vary at three levels; 
between-school, between-child (within a school), and 
within-child. The same applies to the candidate 
explanatory variables representing PA, CRF and %BF. Other 
candidate explanatory variables, such the measure of SES, 
vary only at the school level.   
 
It is recognized that children within the same school share 
common experiences, which may make their academic 
results more homogeneous than those of a random 
sample of children drawn across schools. Similarly, at the 
next level, repeat observations on the same child share the 
same genetic, family and environmental influences, so 
repeat observations within a child are likely to be more 
homogeneous than observations between children. It is 
important that the statistical model reflects the sampling 
design and so it is necessary to account for the above 
dependence structure. This suggests that variables School 
and Child (within a school) should each be regarded as 
random effects in our model.    
 
A feature of this study is the multi-level data, which allow 
inferences to be segregated pertaining to regression 
relationships at different levels. The difference in academic 
achievement can be estimated across schools within 
suburbs which differ by one unit in SES score or in the 

mean of any given explanatory variable (PA, CRF or %BF), 
and these estimates can be distinguished from effects of 
explanatory variables on academic achievement for 
individuals.  
 

The statistical model 

To distinguish effects at the different levels and to take 
account of the dependence structure, the statistical model 
has the form set out in the following example using the 
Writing Score as an example of a literacy and numeracy 
response variable and PA as an example of the explanatory 
variable. 
 
The design structure involves three levels, the School, the 
Child within school, and the repeat observations (i.e. 
longitudinal observations) on a child.  
 
Writing Score = constant + Group effect+ SES effect + PAs 

+ 
school random effect + Sex effect + Sex.Group interaction 
+ PAc + child random effect + Year effect + Sex.Year effect 
+ Group.Year effect + PAw + possible interactions between 
fixed effects + within-child random error 
 
where PAs 

denotes the vector of PA means for each school 
which varies only at the school level; Pac is the vector of 
differences between the PA mean of each child and the 
school mean, which varies only at the child level; and PAw 
is the vector of differences between repeat observations 
and the relevant child PA mean, which varies only at the 
observation level.   
 
 PAw 

+ PAc 
+ PAs represents the totality of components of 

the original vector of PA.  
 
Similar models apply when PA is replaced by the other 
explanatory variables CRF and %BF. This mean or fixed 
effect model can be readily extended and interpreted 
within this framework.  Using PA as the example variable 
again, the current paper is concerned directly with PAc and 
PAs, the relationships at the child and the school level. 
The above model fits within the general framework of 
general linear mixed models 17. Restricted maximum 
likelihood is used to estimate variance components and 
weighted least squares for estimating fixed effects. 
Statistical significance of effects was assessed by 
calculating adjusted Wald statistics 18. Explanatory 
variables PA and CRF were scaled by square roots to better 
meet linearity assumptions. General model checking 
procedures were routinely used to identify aberrant data 
and to check the model assumptions. 

RESULTS 

Table 1 presents summary data for each relevant variable 
for the boys and girls in grades 3 and 5. The number of 
observations for different characteristics varies slightly, as 
some children were absent from school on some of the 
assessment days or did not return parental consent forms 
on time.  Statistical analyses are not included in Table 1, as 
the values included are raw, not adjusted values.  
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Table 1   Descriptive statistics (raw, unadjusted measurements) for boys and girls in Grade 2 and Grade 4. Numbers in cells 
are means and standard deviation, in brackets.  
 
 Boys Grade 2 

N*=389 
Boys Grade 4 

N=352 
Girls Grade 2 

N=368 
Girls Grade 4 

N=333 
Age (yr) 8.5 (0.3) 10.5 8.5 (0.3) 10.5 

Height (cm) 130.2 (5.5) 141.6 (6.3) 128.7 (5.4) 140.6 (6.1) 

Weight (kg) 27.7 (5.3) 36.5 (7.2) 28.6 (5.7) 36.8(8.3) 

% body fat 22.7 (5.9) 24.5 (6.6) 27.9 (6.3) 29.0 (6.6) 

Physical Activity Index** (steps) 108 (11) 102(11) 97(10) 94(9.5) 

√CRF*** (stages) 2.1(1.2) 2.3(1.3) 1.9 (1.1) 2.1(1.2) 

Writing 403(70) 471 (75) 429 (70) 497 (66) 

Reading 410 (89) 490 (74) 428(87) 510 (80) 

Numeracy 417 (78) 555 (75) 410 (74) 477 (68) 
*N varies slightly amongst the variables due to students being absent for some assessments;**the PA index is approximately the square root 
of the steps per day;***square root of the number of stages reached in the multistage run 
 
 
Table 2 Table of effects (β, (SE), and p values) for between-school and between-child relationships of the literacy and 
numeracy scores with the key explanatory variables physical activity index (PA), cardio-respiratory fitness (square root of 
CRF) and percent body fat (%BF). Relationships were adjusted for these and design variables as well as SES.   
 

Effect Writing Score Reading Score Numeracy Score 

PAs
 

2.1 (1.5) p=0.17 4.7(1.7) p=0.01 4.11(1.7) p=0.02 

PAc 0.62 (0.23) p=0.007 -0.07 (0.29) p=0.80 0.43(0.25) p=0.09 

√CRFs
 

145 (29) p<0.001 143 (35) p<0.001 142 (37) p<0.001 

√CRFc
 

14.9 (7.0) p=0.03 2.0 (8.7) p=0.82 17.3 (7.7) p=0.03 

%BFs
 

-3.0 (2.4) p=0.23 -5.5 (2.7) p=0.05 -6.5 (2.6) p=0.02 

%BFc
 -0.47 (0.36) p=0.19 0.23 (0.47) p=0.62 -0.21 (0.41) p=0.61 

The subscript ‘s’ refers to the effect at the school level. The subscript ‘c’ refers to the effect at the child level. 
 
 
 
 
The statistical relationships between the response 
variables, Numeracy, Reading and Writing with each of the 
explanatory variables, both at the between-school and 
between-child levels are shown in Table 2.  The 
relationships between each of the response variables and 
explanatory variables PA, the square root of CRF, and %BF 
were adjusted for each other, as well as for SES and 
gender. Whilst it had little impact on our results, 
exploration of these data revealed evidence of a random 
school by year interaction effect (variation between 
schools in the changes in literacy and numeracy scores) so 
this was incorporated as an additional term in the 
statistical model.   
 

 

Between-school relationships  

School reading scores were significantly and positively 
associated with both the school CRF (p<0.001) and PA 
(p=0.01) and there was evidence (p=0.05) that reading 
score was negatively related to %BF at the school level. 
School numeracy scores were also significantly and 
positively associated with school CRF levels (p<0.001) and 
PA (p=0.02) and associated negatively with %BF (p=0.02). 
School writing scores were associated with the school CRF 
(p<0.001) with little evidence of any association with PA 
(p=0.17) or %BF (p=0.23). 
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Between-child relationships   

Child reading scores were not associated with CRF, PA or 
%BF (p=0.82, 0.80, 0.62 respectively).  
Child numeracy scores were associated with CRF (p=0.03) 
with weak evidence of an association with PA (p=0.09) and 
no evidence of any relationship with %BF (p=0.61).  
Child writing scores were related to their CRF (p=0.03) with 
strong evidence of a relationship with PA (p=0.007), but 
there was no evidence of any relationship with %BF 
(p=0.19).  
 
Consideration of SES was important, but when we 
excluded SES in the model there was no impact of any 
consequence on the inferential status (statistical 
significance or non-significance) of any relationship.  

DISCUSSION 

The most important and novel finding of this study was the 
strong evidence of positive relationships at the school level 
between the literacy and numeracy scores and cardio-
respiratory fitness. Further evidence of the between-
school association of academic achievement with the 
physical measures was provided by the positive 
relationships between PA and the reading and numeracy 
scores together with their negative relationships with %BF.  
On considering why schools with fitter children achieved 
better literacy and numeracy scores, it is acknowledged 
that neither between-school (nor between-child) 
associations per se permit unequivocal claims of causality. 
However support for such a premise does arise from 
previous literature linking CRF and PA with cognitive 
processes and brain function in children. For example, 
aerobically fitter children perform better in tasks 
associated with cognitive function19 and neuro-electrical 
studies provide supporting evidence of the influence of 
fitness on cognition20. A review of the literature 1 
prompted these authors to write that “exercise training 
programs may prove to be simple, yet important, methods 
of enhancing aspects of children’s mental functioning”.  
The current findings would seem to provide support for 
the premise that increasing a child’s fitness may improve 
his or her academic performance. On the other hand, it is 
possible that schools better able to develop children 
physically are coincidentally and independently better at 
developing them academically. Extending the suggestion 
that child and/or teacher attitudes may explain, at least in 
part, the relationships between academic and physical 
measures 10, the suggestion is made that schools may vary 
in what might be described as “school culture”, a set of 
attitudes and behavior transcending both classroom and 
playground.  
 
Should the relationships between academic achievement 
and CRF (or PA) be stronger between schools than 
between children within a school, this would lend more 
support for the school cultural explanation than for any 
direct effect of exercise or fitness on brain function. As 
shown in Table 2, associations were much stronger 
between schools than between children; these stronger 

associations existing despite less variability between 
schools than between children. Therefore, more support is 
provided for a school cultural influence than for a direct 
causal relationship between academic performance and 
fitness or PA.  
 
However, it does remain that the true explanation may lie 
somewhere in between. As alluded to in the review 1, 
animal studies indicate that enriched and challenging 
environments promote neurological development and 
cognitive function. Furthermore, a report from the current 
group found that a two-year intervention of physical 
education improved literacy and numeracy development 
without any detectable increases in CRF or PA 16. This 
prompted the suggestion that the academic improvements 
associated with the intervention may have been the result 
of enhanced communication and movement challenges 
provided for the children through activities requiring 
concentration and creativity. Referring again to the current 
study, similar mechanisms may apply at the school 
administration and teaching staff levels; processes 
adopted within a school to promote increased fitness and 
PA may help to create the kind of school environment 
more conducive to learning in young children. Further 
exploration of this line of reasoning might benefit from an 
interdisciplinary approach, incorporating elements of 
pedagogy, exercise science and neuropsychology. 
 
The question arises as to how variation in school cultural 
effects might arise. A consistent influence from year to 
year on teaching philosophies, practices and attitudes to 
physical activity is likely to have arisen through the school 
principal and the senior executive teachers, together with 
the School Board of which they form a part. Well before 
any data analysis, the research team visiting the schools 
regularly over a four year period reported an awareness of 
varying school “atmospheres”. For example, distinct 
differences were reported in the manner in which schools 
displayed the pupils’ work, and in the level of interest and 
support for research into PA and academic performance 
from the principal, teachers and office staff.  It is recalled 
that the SES of the schools has been both controlled in our 
design (with selection of schools), as well as adjusted for 
statistically, supporting our premise of a cultural influence 
arising from within the school staff rather than home or 
other local environmental influences. 
 
Literacy and numeracy measures were more strongly 
related to CRF than to PA, both at the between-school and 
between-child levels (with and without adjusting for %BF 
and other potential confounders). This is consistent with 
the previous literature 1 where it was concluded that 
fitness, rather than PA, was the variable most likely to 
exert an impact on learning and executive cognitive 
function. On the other hand the authors of a meta-analysis 
21 concluded that CRF was unlikely to be related to 
academic achievement, although most of the participants 
in the studies analyzed were of greater than school-age, 
which may have contributed to their different conclusion. 
Considering the findings of these two summary papers 
together with our current data, it may be that CRF is more 
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closely related to brain function during the earlier stages 
of child development where plasticity associated with 
neuromuscular interaction is likely to be greater. 
 
The absence of any significant relationships between 
literacy and numeracy scores and %BF at the between-
child level the current report is consistent with three large 
studies, each of which involved statistical adjustment for 
potential confounders. Researchers making use of data 
from the Early Childhood Longitudinal Study in 
kindergarten and first grade children reported that 
relationships between academic achievement and 
overweight status represented by BMI disappeared 
following adjustment for PA and SES 22. A subsequent 
study using the same data base 23, this time from the third 
grade, found that associations between overweight and 
mathematics and reading scores disappeared when they 
adjusted for SES and maternal education. A third large 
population study, using data from the National Health and 
Nutrition Examination Survey 24 reported an absence of 
evidence relating academic performance and BMI, 
following adjustment for SES. Of interest in the latter study 
was that separate tests of cognition were significantly and 
negatively associated with BMI. However, interpretation of 
this study is clouded due to the lack of experimental 
control or statistical adjustments for fitness; fitness also 
being negatively related to BMI in children 25 as well as 
being associated with cognition1. Equally difficult to 
interpret is the review 26 which reports overall evidence of 
a negative correlation between intelligence (as measured 
by IQ) and obesity in children in the absence of any 
reference to adjustments or control for CRF or PA. On the 
other hand, in the current study, evidence of (negative) 
relationships between numeracy and reading scores with 
%BF did emerge at the school level. This suggests that if 
indeed a school cultural influence does explain part of the 
fitness-academic score relationship, then it may apply to 
any relationship between body composition and academic 
achievement as well.  
 
Strengths of our study were the design, including the 
numbers of participating children and schools, the rigor of 
the statistical analyses, and the objectivity of the measures 
of %BF, fitness and PA. On the other hand, the pedometer 
measures were a relative weakness, because they were 
unable to discriminate the intensity of PA, and do not 
measure activities such as swimming or cycling.  However, 
whilst relationships between PA and academic 
performance may have been affected to some degree, 
there is no reason to suspect any impact on inferences or 
conclusions.  Replication of this project would be of 
interest not just for the scientific verification of findings 
but to determine whether the effects we showed in 
Australian schools apply to other educational jurisdictions 
in and outside Australia. 
 
In conclusion, we found that elementary schools with fitter 
children achieved better literacy and numeracy results; 
and to a lesser degree, better academic results also 
occurred in the more physically active and leaner children. 
These relationships at the school level were much stronger 

than between children within the schools, lending more 
weight to a school cultural explanation of the relationships 
than to a direct influence of fitness on literacy and 
numeracy achievement. 
 
 

What is known about this topic 

• Cross-sectional studies show that children who are 
physically fitter perform better academically 

• There is less convincing evidence of association 
between fitness and academic achievement from 
longitudinal studies and little is known of the 
mechanisms that might underlie any such relationship 

 

What this study adds 

• Fitter children achieve better literacy and numeracy 
test scores  

• Schools with fitter children achieve better academic 
results  

• The relationship between academic results and fitness 
at the between-school level is considerably stronger 
than at the between-child level. 

• The relationship between fitness and academic 
achievement is likely to be due, at least in part, to a 
positive correlation of attitudes towards these two 
characteristics at the school administrative and 
teaching level.  
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ABSTRACT 

 
Background: Previous studies among youth have 
compared weekdays and weekend physical activity (PA), 
school-time versus non school-time PA and time spent in 
relative exercise intensities. However, there have been no 
studies incorporating all days of the week with sufficient 
numbers of similarly aged children to determine whether 
specific day of the week patterns of PA might exist in 
children. Intervention studies have reported mixed success 
in increasing PA in the school based setting. 
 
Objective:  To measure levels and patterns of pedometer 
and accelerometer assessed PA in a large cohort of pre-
pubertal children and to determine whether a specialist-
taught physical education program can increase PA. 
 
Participants:  394 boys and 381 girls initially in grade 2 at 
age 8.0 (SD 0.3) years within 29 government-funded 
primary schools.  
 
Intervention: All children usually received 150 min/week 
of physical education from general classroom teachers. In 
13 schools, 100 min/week was replaced by an intervention 
from specialist physical educators. The remaining 16 
schools formed the control group.  
 
Main outcome measures:  Pedometer and 
accelerometer assessed measures of physical activity 
  
Results: A distinct day-to-day pattern of PA emerged with 
both pedometer and accelerometer data, one which 
tended to persist from year to year between grades 2 and 
6. This pattern was characterized by a gradual buildup of 
daily PA through the week followed by a progressive drop 
over the weekend. Only 30% of boys and 19% of girls met 
recommended daily targets of steps per day and 30% of 
boys and 8% of girls met the recommendations for daily 
moderate and vigorous activity (60mins per day). The 
Bluearth PA intervention did not influence the total weekly 
PA, but children in the intervention were more active on 
the days they received the intervention than on other days 
of the week. 
 

Conclusions: This study raises concerns over the PA levels 
of children in our cohort, the majority of whom did not 
meet recommended levels. Given that a key objective of 
any physical activity program is to increase quantity and/or 
intensity of physical activity in general, especially in 
children who are insufficiently active, continued evolution 
of the intervention program might include addressing this 
issue.  
 

Number of measurements 

  
Measurements Boys Girls 

     

Grade 2 
(2005) 

 
Physical Activity 
(Pedometers) 

394 381 

     

Grade 3 
(2005) 

 
Physical Activity 
(Pedometers) 

290 308 

     

Grade 4 
(2005) 

 
Physical Activity 
(Pedometers) 

285 283 

     

Grade 5 
(2007) 

 
Physical Activity 
(Pedometers and 
accelerometers) 

272 256 

     

     
Grade 6 
(2009) 

 Physical Activity 
(Pedometers and 
accelerometers) 

270 268 

     

 
 

INTRODUCTION 

 
Increasing evidence suggests that physical activity (PA) 
plays an important role in the maintenance of health and 
physical inactivity has been classified by the WHO as the 
fourth leading risk factor for global mortality from non-
communicable diseases1. Although less causal evidence 
exists among children, recent research shows that PA is 
negatively associated with risk factors for cardiovascular 
disease2. In addition, PA has been positively associated 
with fitness3 and academic performance4. PA also plays a 
role in energy balance and is thought to be a method of 
combating increasing levels of obesity, which is associated 
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with a variety of physical and psychological disorders5. 
Consequently investigating patterns of activity and 
developing and evaluating intervention strategies that 
have positive influences on children’s  habitual PA is of 
high importance.    
 
The multi-dimensional nature of PA which includes 
volume, intensity, duration, frequency and type of activity, 
makes accurate measurement challenging. Therefore 
establishing habitual PA patterns and relationships with 
health outcomes is constrained by the accuracy of 
available measurement techniques. In addition, measuring 
PA in youth is known to be particularly problematic due to 
the sporadic and short duration of activities performed 
throughout a day6.  Recent developments in objective 
assessment instruments including pedometers and 
accelerometers (both used in the LOOK study) have shifted 
PA surveillance away from relying on self report methods.  
Pedometers detect steps by using a spring-suspended 
lever arm which moves up and down with vertical 
accelerations of the hip and are generally used to report 
volume of activity in the form of steps counts over a 
nominated time period. Their low cost and availability 
have made pedometers a viable and recommended option 
for research involving large populations. Alternatively 
accelerometers, although of high cost compared to 
pedometers, are able to provide additional information in 
the form of intensity, duration and frequency of activity 
and generate unit less ‘counts’, which are proportional to 
detected accelerations in an internal sensor. 
Accelerometers have primarily been used to determine 
volume of PA in the form of arbitrary counts per day, and 
activity rate (counts per minute) for varying established 
intensity ‘cut off points’7.  
 
With improved precision in the measurement of PA, 
researchers have been able to more accurately capture PA 
patterns among children. In doing so, day to day change in 
the volume of PA has become a characteristic of interest. 
Previous studies among youth have compared weekdays 
and weekend PA8-14, school-time versus non school-time 
PA15-16 and time spent in relative exercise intensities11 17-18. 
However, there have been no studies incorporating all 
days of the week with sufficient numbers of similarly aged 
children to determine whether specific day of the week 
patterns of PA might exist or persist in children. If such a 
pattern does exist, uncovering this could help identify 
where intervention efforts are best invested, by targeting 
days of low level physical activity. 
 
The practical implications of monitoring habitual PA lie 
with the development of PA guidelines for youth. Current 
guidelines suggest that at least 60 min/day of moderate 
and vigorous activity is optimal in youth and school 
children should be directed to accumulate  13,000-15,000 
steps/day for boys and 11,000-12,000 steps/day for girls to 
achieve health benefits19. Further longitudinal studies 
investigating PA are required to build on these guidelines 
and to better inform governments, families, schools and 
health care providers. 
 

Given that PA among children and adolescents is believed 
to be insufficient20-21 and has been shown to decrease 
from childhood to adolescence22,  the development of 
effective PA interventions is seen as increasingly 
important.  School based interventions are thought to be 
the most consistent, universally viable and promising 
strategy to improve PA and fitness23.  Although the success 
of school based PA interventions to date has been mixed24, 
increases have been reported in overall physical activity 
both during school hours25 and some evidence for 
increases out of school activity26 and in  both the 
proportion of lesson time and minutes spent in MVPA 
during PE26-28. These findings indicate that PA interventions 
delivered in the school environment can be effective, 
however, a number of reviews have called for more large-
scale longitudinal investigations on the impact of PA 
interventions to adequately inform program development. 
 
The objective of the current study was to investigate 
pedometer and accelerometer assessed physical activity in 
a large cohort of pre-pubertal children in order to answer 
the following research questions; (a) Is there a day to day 
pattern of PA within a week and is this consistent from 
year to year; (b) Do daily patterns of PA vary between boys 
and girls and does any such pattern change with age; and 
(c) is a long term (4 year) school based PE program 
effective in increasing habitual PA levels in children? 
 

METHODS  

 

Subjects   

Participants were initially 775 children (394 boys and 381 
girls) from the LOOK (Lifestyle of our Kids) longitudinal 
study described elsewhere29. Children were recruited from 
30 government-funded primary schools in the city of 
Canberra in the Australian Capital Territory. Using 
Australian Taxation Office statistics in 2005, average 
taxable family income in the suburbs of residence of our 
cohort approximated the national average. Approximately 
90% of the children had one or both parents of Caucasian 
descent, 7% of Asian descent, 1% indigenous Australian or 
Polynesian, with 2% unknown. Means (and standard 
deviation) of subject characteristics at the time of the first 
measures of PA were: age 8.0 (0.3) years for both sexes; 
height 1.31 (0.6) m and 1.30 (0.6) m; weight 29.7 (5.7) and 
29.5 (6.5) kg for boys and girls respectively. 
                                                                                        

Procedures and Measurements 

Pedometers 
 
Pedometers were issued to the children for one week on 
three separate occasions one year apart. The testing 
periods were confined to the same period in each year, in 
the Spring to early Summer months of October to 
December in 2005, 2006, 2007, 2008 and 2009 and 
included a weekend. The remaining days were normal 
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school days.  Children wore pedometers on their right hip 
for seven consecutive days, and the first day’s 
measurement was randomly distributed from Monday 
through to Friday. The first day’s measurement was not 
included in our analysis given that part of it was 
incomplete, but also because the novelty of wearing the 
pedometers may have influenced initial activity. Missing 
values in each year were accounted for using the statistical 
procedures outlined below. We used pedometers of 
identical step detection mechanism throughout the study, 
distributed by Walk 4 Life (Plainfield, IL USA) in the first 
year, and by New Lifestyle (Lee's Summit, MO USA) in 
ensuing years. The validity of the latter pedometer 
mechanism has been verified with children of about the 
same age as our cohort30. Prior to circulation among 
children, each year a routine calibration check was carried 
out on every pedometer by the same technician, and only 
pedometers that were accurate to within 0.5% were used.   

Accelerometers 

In the final two years of elementary school (grades 5 and 
6), children’s activity was also assessed using accel-
erometers (Actigraph GTIM, Pensacola, FL, USA). 
Accelerometers were positioned on a belt around the 
waist in line with the right knee. Cut off points for 
Sedentary activity were defined as (0-100 counts per 
minute), light activity (101 – 2296 counts per minute) 
Moderate physical activity (2297 – 4012) and vigorous 
physical activity (greater than 4013 counts per minute 
based on published recommendations31, and using an 
epoch length of 60 seconds. The first day’s data were again 
discarded for accelerometers to minimize any potential 
reactivity. Days of accelerometer data were included if 
there were 10 or more hours of activity; an hour being 
considered invalid if there were more than 30 zero counts 
in a row (30 minutes of non-wear time). Actigraph 
accelerometers have been validated for use in both 
children and adolescents32. Accelerometer data were 
analyzed using Meterplus software (San Diego State 
University in partnership with Actigraph, Pensacola, FL, 
USA).  
 
This study was approved by the Australian Capital Territory 
Health and Community Care Human Research Ethics 
Committee and the Ethics Committee of the Australian 
Institute of Sport. Participation by the children was entirely 
voluntary and informed consent was received from all the 
parents or guardians.  
 

Statistical analyses 

A statistical model was formulated that fits within the 
general framework of general linear mixed models33. 
Statistical significance of an effect was assessed by 
calculating adjusted Wald statistics34.  The repeated 
measure data structure has two dimensions, a between-
subject dimension and a within-subject temporal 
dimension. The temporal dimension consists of five 
separate years and multiple days. Preliminary analysis 
showed each set of pedometer data was positively skewed 

and this could be corrected by applying a square root 
transformation to the number of steps. 
A plausible model for addressing the questions of interest, 
as well as appropriately accounting for the structure of our 
data, has the general form: 
 
Square root of the number of steps = random effect for 
Subject + fixed effects for Sex and Day-of-week + 
interaction between these fixed effects+ random effect for 
Subject.Year + residual 
 
In each year we estimated the between-child variance 
component and the within-child variance. A significantly 
greater between-child variance indicates a tendency for 
the PA index to persist in individuals over time, details of 
which are given in the Appendix. 

Derivation of a Pedometer Physical Activity Index 

(PAI)   

Associated with each of the random terms in our model is 
a set of statistics. These statistics or effects, similar to 
residuals, are known as the Best Linear Unbiased Predictor 
(BLUP) or “shrunken mean”35 and for a given individual this 
is a weighted combination of the population mean and the 
mean for that individual. We chose this statistic as the 
preferred single summary measure of PAI for each child, 
the PAI index, because of its desirable statistical 
properties. In particular, and in contrast with the simple 
mean of PAI, the distribution of the PAI index has a known 
mean and variance. Furthermore, the PAI index is adjusted 
for possible differences in activity due to day of week, is 
able to utilize incomplete sets of individual data, and 
provides improved predictive ability of an individual’s 
activity level compared with conventional methods. The 
details of its calculation are provided in the Appendix of 
this report    

RESULTS 

 

Pedometers 

Table 1 presents the percentiles of pedometer steps per 
day for the girls and boys for each year. The reduction in 
numbers over the five measurement periods was due to 
either absence from school at the time of testing, family 
relocation or inability to continue with the demands of the 
LOOK study in its entirety.  

Gender differences 

Boys were found to be more active than girls (p <0.001). In 
term of PAI Index units, this difference equated to boys 
being 9 units per day (1746 steps) more active compared 
to girls. (NB whilst the PAI index is the appropriate form 
for statistical analyses, unadjusted steps/day can be 
calculated by squaring the PAI indices).  
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Table 1  Medians and percentiles of the absolute number of 
steps per day in the five measurement periods 

   N 5% Median 95% 

      

Grade 
2 

Girls 381 3259 9762 18195 

 Boys 394 4264 12014 21303 
      
Grade 
3 

Girls 308 2125 8523 16541 

 Boys 289 2059 10552 20933 
      
Grade 
4 

Girls 283 2495 9078 16868 

 Boys 284 2690 11206 21171 
      
Grade 
5 

Girls 256 3017 10002 17647 

 Boys 271 3143 11459 20705 
      
Grade 
6 

Girls 274 2628 9008 15947 

 Boys 265 2329 10477 19244 

Day of the week variation in step counts 

Significant differences in the PAI were found between days 
of the week. Table 2 presents a summary of the day to day 
variation in boys and girls data for the five years combined. 
Weekend activity was significantly lower than weekday 
activity (p<0.001) and Sundays were significantly lower 
than Saturdays (p<0.001) for both boys and girls. 
Inspection of the means showed an increase in activity 
from Monday to Friday, as seen in Figure 1. This general 
pattern was similar but not identical from year to year as 
shown in Figure 2. When considering gender differences in 
these patterns, boys took more steps than girls for all days 
of the week (p<0.001) and this difference was greater 
during week-days than at the weekend (p<0.001). For 
example, on Wednesday, the difference in mean PAI index 
between boys and girls was 11 units (2360 steps) 
compared with 5 units (803 steps) on Sunday.  
 

Table 2  The means and standard errors of the Physical Activity 
Index for girls and boys according to day of the week, 
incorporating data from all five years 

    Boys  Girls 
  Mean SE  Mean SE 

       

Mon  103.4 0.95  93.68 0.96 

Tues  107.61 0.97  95.12 0.97 

Wed  107.63 1.01  96.04 1.02 

Thurs  108.33 0.99  99.06 1.00 

Fri  110.52 0.95  100.44 0.96 

Sat  93.05 0.94  88.58 0.94 
Sun  86.61 0.95  81.84 0.96 

Year to year variation 

There were significant year to year variations in daily step 
counts (p <0.001), however, a consistent trend of an 
increase or decline in PA did not emerge.  Steps counts 
declined for both boys and girls from 2005 to 2006, then 
increased from 2006 to 2008, followed by another decline 
from 2008 to 2009.  No significant year by gender 
interactions were found. 
 

Sat Sun Mon Tues Wed Thu Fri
60

70

80

90

100

110

120

Boys
Girls

Day of the Week
Ph

ys
ic

al
 A

ct
iv

ity
 In

de
x 

(P
AI

)

Figure 1 The means of Physical Activity Index for each day of the 
week for boys and girls, incorporating data from all five years. 
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 Figure 2  The means of Physical Activity Index for each day of 
the week for each of the five years, boys and girls combined. 

The intervention and steps per day 

There were no significant differences in daily volume of 
stepping activity, assessed by pedometers, between the 
control and intervention groups overall or over time. 

 

Accelerometers 

Accelerometer wear time was 13.15 ± 2.17 hours per day 
(mean ± SD) for boys and 13.21 ± 2.29 for girls. There were 
no significant differences found in wear time between the 
control and intervention groups. 
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Table 3 Medians and percentiles of total accelerometer counts and time spent in each physical activity intensity 
 
   Boys     Girls  

 N 5% Median 95% 
 

N 5% Median 95% 

          
Total Activity (Counts/100)          
Grade 5 271 1960 4187 8805  256 1836 3739 7807 
Grade 6 265 1646 3927 7706  274 1607 3451 6432 

          
Vigorous (mins)          
Grade 5 271 0 7 43  256 0 6 36 
Grade 6 265 0 7 39  274 0 5 31 

          Moderate (mins)          
Grade 5 271 6 35 85  256 4 24 65 
Grade 6 265 4 34 78  274 3 23 58 

          Light (mins))          
Grade 5 271 236 362 482  256 248 364 500 
Grade 6 265 210 339 471  274 229 342 467 

          
Sedentary (mins          
Grade 5 271 234 378 582  256 243 385 579 
Grade 6 265 260 404 623  274 271 421 620 

           
Table 3 presents the medians and percentiles of total 
accelerometer counts and time spent in each activity 
intensity 

Gender differences  

Average daily accelerometer counts indicated that boys 
were more active than girls (p<0.001). Boys also spent 
significantly more time in moderate (p<0.001) and 
vigorous (p<0.001) activities compared to girls. Girls 
however, spent significantly more time in sedentary 
classified intensities compared to boys (p=0.002). No 
gender differences were found in the amount of light 
intensity activities performed. Comparisons of the means 
revealed that gender differences for total counts and time 
spent in moderate, vigorous and sedentary activities were 
greater on weekdays compared to weekends. For both 
boys and girls the highest proportion of activity time per 
day was spent in sedentary activities and the smallest 
proportion of time in vigorous categorized activity. 

Day of the week variations 

In considering day to day variation, an inspection of the 
means showed an increase in activity from Monday to 
Friday, followed by a progressive decline on Saturday and 
Sunday. This pattern was similar for vigorous, moderate, 
light activity as shown in figures 3a to 3d. This pattern was 
less pronounced in sedentary activity as shown in figure 
3e. 

Year to year differences 

Significant changes over time were found for each gender, 
whereby total activity (p=0.003) and time spent in light 

activities (p<0.001) declined among boys and total activity 
(p<0.001), time spent in moderate (p= 0.005) and light 
activities (p<0.001) declined among girls between grade 5 
and grade 6.  In contrast, significant increases in time 
spent in sedentary activity were found for both boys and 
girls (p<0.001). 

Intervention effects on accelerometer data 

Overall, when combining data from both grades 5 and 
grade 6, no significant differences in accelerometer data 
were found between the intervention and control groups 
for either boys or girls, with the exception of time spent in 
sedentary activity for boys. As shown in Figure 4, 
intervention boys spent significantly less time in sedentary 
classified intensities than control group boys (p=0.013), 
which amounted to 21 minutes per day less (calculated 
using back transformed data). 
 
A number of significant differences were found between 
the intervention and control groups over time between 
grade 5 and grade 6. As shown in Figure 5 boys in the 
intervention group reported a significantly greater decline 
in total counts (p=0.024) and in vigorous activity (p=0.002) 
than the control group. Among girls, the reverse was true, 
with the control group reporting a significantly greater 
decline in total counts (p=0.032) and moderate intensity 
activities (p=0.016) than intervention girls.  There were no 
differences over time between the intervention and 
control group for time spent in light and moderate activity 
for boys, or for vigorous activity among girls. A summary of 
accelerometer counts can be seen in Table 5. 
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Figure 3a Total Accelerometer Counts per day for each 
day of the week for boys and girls 
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Figure 3b Time spent in vigorous intensity activity per day 
for  each day of the week  
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 Figure 3c Time spent in moderate intensity activity per 
day for  each day of the week 
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Figure 3d Time spent in light intensity activity per day for  
each day of the week 
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 Figure 3e Time spent in sedentary intensity activity per 
day for  each day of the week 
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Table 5 Means and standard errors for Accelerometer data for the Control and Intervention groups in grade 5 and grade 6 
      Grade 5    Grade 6  

  Boys Girls  Boys Girls 

  Mean SE Mean SE  Mean SE Mean SE 

Control           

Total Activity (Counts) 638.9 9.60 639.6 10.10  631.4 9.70 584.7 9.80 

Sed (min) 19.5 0.18 19.3 0.19  20.2 0.18 20.2 0.19 

Light (min) 18.8 0.15 19.1 0.14  18.1 0.15 18.4 0.13 

Mod (min) 5.6 0.15 5.2 0.15  5.7 0.15 4.7 0.14 

Vig (min) 2.6 0.13 2.7 0.14  2.9 0.13 2.3 0.14 
           

Intervention          

Total Activity (Counts) 668.5 9.10 607.5 10.10  634.7 9.20 585.8 10.30 

Sed (min) 19.1 0.17 19.5 0.19  19.6 0.18 20.6 0.20 

Light (min) 18.8 0.14 18.9 0.13  18.4 0.14 18.3 0.14 

Mod (min) 5.9 0.15 4.7 0.15  5.8 0.15 4.7 0.15 

Vig (min) 3.0 0.12 2.4 0.14  2.7 0.12 2.5 0.15 

                     
 

Comparison of Bluearth teacher instruction days 

(BEI) and non Bluearth instruction days (nonBEI) 

 
Both boys (p<0.001) and girls (p =0.013) accumulated 
significantly more pedometer measured steps on days of 
the week that Bluearth instructors taught lessons (BEI) 
compared to days of the week that Bluearth instructors did 
not teach lessons (nonBEI), as seen in Table 6. Boys 
accumulated on average 3.9 PAI units (800 steps) and girls 
2.3 PAI units (451 steps) more PA on BE instruction days 
compared to nonBE instruction days. 
 

Table 6  Means and standard errors for pedometer and 
accelerometer data according in Bluearth Instruction days(BEI) 
and non Bluearth Instruction days (nonBEI) 

 
BEI Non BEI 

 
Boys Girls Boys Girls 

         

PAI 109.0 1.4 97.9 1.5 105.3 1.2 95.6 1.4 

Total 
Counts 

698.7 10.0 624.6 11.5 668.3 8.4 607.7 10.5 

Sedentary 18.8 0.2 19.9 0.2 19.6 0.2 20.5 0.2 

Light 18.8 0.2 18.9 0.1 18.7 0.1 18.8 0.1 

Moderate 6.7 0.2 5.2 0.2 6.3 0.1 5.0 0.2 

Vigorous 3.3 0.1 2.7 0.1 3.0 0.1 2.5 0.1 

             

 
Using back transformed data, boys spent more time in 
vigorous (2.5 minutes/day) and moderate activity (5 

mins/day), and significantly less time spent in sedentary 
activity (28 mins/day) on BEI days compared to nonBEI 
days. There was no difference in time spent in light 
activities. 
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Figure 4  Time spent in sedentary intensity activity  per day for 
boys of the control and intervention groups in grade 5 and 
grade 6 
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Figure 5 Change in Total Activity measured by accelerometer 
from grade 5 to grade 6 for boys and girls in the control and 
intervention groups 
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Girls spent significantly more time in moderate activity (2 
minutes/day) and significantly less time in sedentary 
activities (24 minutes/day) on BEI days compared to non 
BEI days. There were no significant differences for time 
spent in vigorous or light activities. 
 

DISCUSSION 

 
This study on the physical activity of primary school 
children uncovered distinct day-to-day patterns of PA with 
both pedometer and accelerometer assessments. Patterns 
were characterized by a gradual build-up of daily PA 
through the week followed by a progressive drop over the 
weekend. Furthermore, this pattern emerged regardless of 
activity intensity, volume and gender and was similar in 
each year of measurement.  In addition, distinct gender 
differences emerged in the current study. Boys were 
generally more active than girls, with specific evidence for 
vigorous activity and were also less sedentary.  Generally, 
there was little evidence of any year to year decrease in PA 
in boys or girls as determined by average steps per day.  
The Bluearth PA intervention did not influence PA in 
general, but children in the intervention were more active 
on the days they received the intervention than on other 
days of the week. 
 

Weekly pattern 

A novel finding of our study was the emergence of a day to 
day pattern of PA in both our pedometer and 
accelerometer measures. This pattern was characterized 
by a gradual build-up of daily steps through the week 
followed by a progressive drop over the weekend as 
illustrated in figures 1 and 2. This pattern emerged 
regardless of activity volume and gender and was similar in 
each year of measurement. This day to day pattern found 
for pedometer data was supported by our accelerometer 
data, which showed similar overall patterns for total 
counts, moderate, vigorous and light activity but not 
sedentary activity.  
 
The question then arises as to whether patterns 
characteristic of our participants apply to children 
elsewhere.  Our cohort resided in suburbs where average 
family income was almost identical to the average 
Australian income, although Canberra is characterized by 
its relative homogeneity in this respect rather than 
extremes of affluence and poverty. The city is a medium 
sized city with a population of 340,000 people, with good 
access to parks and playing areas and ample opportunities 
to join sporting clubs. The climate was moderate during 
our assessment periods and most amenable to outdoor 
activity. It is reasonable to assume that the patterns of PA 
we found are likely to apply to other areas within Australia 
and with common school weeks and global influences 
prevailing upon children’s lifestyles, the patterns might 
also be shared to some degree internationally but this 
remains to be seen.  
 

Gender comparison 

 In our cohort, boys accumulated median values of 11199 
steps per day and girls 9274 steps per day.  These findings 
sit comfortably with recent literature reporting gender-
related differences in PA levels, which found boys to be in 
the order of  14-22% more active than girls 8 11 36-38. In 
addition, boys were found to participate in more vigorous 
and moderate intensity activities, and girls in more 
sedentary type activities. Moreover, these differences in 
PA were largest on weekdays, therefore interventions that 
increase opportunities for girls to be physically active 
during recess and lunch time, or as part of an after school 
program may prove to be good strategies. Schools and 
teachers can make it easier for girls to be active by 
providing PA choices that are appealing to girls 
specifically39. This could be done through increasing access 
to suitable equipment and by providing space for PA in an 
environment that is non-threatening to girls. 
 

Comparison with international PA recommendations 

While comparison to other pedometer studies may be 
difficult due to cross-population differences40, a recent 
review concluded that primary school children should be 
directed to accumulate  13,000-15,000 steps/day for boys 
and 11,000-12,000 steps/day for girls to achieve health 
benefits19. Based on these recommendations only 30% 
boys and 19% girls in our study met these recommended 
targets.  Of particular concern were the low weekend step 
counts in our cohort compared to weekday PA. These 
findings of reduced weekend activity are consistent with 
previous literature8-14 and raise questions about the ability 
of parents and guardians to adequately promote and 
encourage PA on weekends. Clearly in terms of habitual PA 
levels, school days have greater benefits to health than 
weekends, at least in the current study. 
 
Although pedometer step counts provide a summary of 
total activity, they are limited in their ability to measure 
intensity and duration of PA. Accelerometer data from the 
current study indicated that for boys and girls combined, 
total volume of daily activity is made up of 50.7% of time 
being spent in sedentary classified activities followed by 
44.8% for light activities, 3.6% moderate and 0.9% 
vigorous activities.  
 
Current guidelines based on previous research and expert 
opinion suggest that at least 60 minutes of moderate to 
vigorous activity per day is required in youth for optimal 
health benefits41. In our cohort only 30% of boys and 8% of 
girls met these recommendations. Previous studies have 
reported a large amount of variation in the percent of 
children reaching the recommended targets42. For 
example, in a large sample of 12 year old children in the 
UK, 4.1% of boys and only 0.9% of girls were reported as 
being sufficiently active11. Alternatively, in a cohort of 6-11 
yr old children in the USA,  48.9% of boys and 34.7% of 
girls surpassed 60 minutes of MVPA/day 22. Comparing 
accelerometer results across studies should be interpreted 
with caution due to differing decisions on how to capture 
and process accelerometer data. It has been suggested 
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that larger epoch lengths may under-report moderate and 
vigorous activity and that differing epoch lengths should 
not be compared43.  Furthermore, differing cut points for 
accelerometer derived intensities have been shown to 
influence results44. There is a distinct need for a more 
standardized approach to handling accelerometer data to 
enable better comparisons between studies7 42. 
 

Developmental trends in PA  

Our data show that the total general PA as determined by 
the average steps/day varied each year from age 8 to 12 
yr, no consistent trend being apparent with average 
steps/day measure each year fluctuating for both boys and 
girls. These findings highlight the importance of 
longitudinal studies in understanding developmental tends 
in PA among children. For example, if we were to only 
compare data collected in the first and last year, we may 
conclude that activity declined for both boys and girls. 
However, if we compared the second and last year we 
might conclude that there were no apparent changes. The 
lack of a distinct trend of either increasing or decreasing 
yearly PA in our data is inconsistent with previous findings 
that PA declines in preadolescent children45. 
 
Further evidence on developmental trends in PA, provided 
by accelerometer data indicated an overall decline in Total 
counts and in light and moderate activity from grade 5 to 
grade 6 in boys and girls. Whether this is a trend of 
declining activity as our children progress into adolescence 
or a yearly fluctuation as seen in our pedometer data is not 
clear as accelerometer data were not available in grade 2 
to grade 4. Further PA monitoring of our cohort with the 
use of accelerometers is necessary to answer this 
question. 
 
When considering these developmental trends, of 
particular note in the current study are the larger weekend 
step counts that were seen in grade 2 compared to all 
other years in our data (Fig 2).  This finding may have been 
influenced by the type of pedometer used in grade 2, 
which did not have an internal memory. Consequently, we 
relied on parents to record steps counts on weekends. 
Similarly, teacher recorded weekday step counts, but 
these data did not appear to be inconsistent with data 
collected between grades 3 and 6. In additional years, the 
pedometer model was upgraded to store 7 days of 
memory, removing the need for any manual recording. 
The step counting mechanism used in both types of 
pedometers was identical and was made by the same 
manufacturer, and as alluded to previously, comparison of 
the two models revealed no differences in step counting. 
Therefore we are confident that the change in pedometer 
model had no impact on step counts. However we cannot 
rule out the possibility that manual recording of steps may 
have influenced our grade 2 data.  
 
 An interesting consideration which has been raised by 
other authors46-47 is the impact of the increasing body size 
and leg length of our physically developing cohort. It is 
generally thought that if the same number of steps per day 

are taken at the same speed in different age groups then 
an equivalent amount of activity has been performed47. 
However, if a child takes 10000 steps in grade 2 and has a 
stride length 0.5m they will have travelled a distance of 
5km in a day. If stride length increases to 0.7m in grade 6 
and steps per day remains the same, he or she will have 
travelled 7km per day. In short the older child has travelled 
a greater distance than he or she would have 4 years 
earlier within their same environment, due to increases in 
stride length. Alternatively, the older child will take fewer 
steps to cover the same distance than they would have at 
a younger age.  
 

Intervention effects  

An important objective of the intervention, to increase the 
quantity and/or intensity of physical activity among 
participants, was met with limited success, indicating that 
the delivery of the Bluearth program in the form of two 
sessions per week was not sufficient to change overall PA. 
Although the intervention was not successful at increasing 
PA among participants, there was evidence of an effect on 
sedentary time in the intervention group boys, who spend 
21 minutes less per day in sedentary activity than their 
control counterparts. The intervention groups diminished 
sedentary time is of interest, as it has been suggested that 
sedentary time may be have its own effect on health quite 
independent of physical activity levels48. Similar effects 
were not found among girls, again highlighting the 
differences in physical responses in boys and girls. 
 
The transition from childhood into adolescences is often 
characteristic of a decline in PA45 and the strength of the 
current study was the use of accelerometers during late 
childhood and the potential to document the onset of such 
a trend. During this period, differential changes in PA were 
reported among the intervention and control group, 
however, the direction of these changes was dependent 
on gender. Among girls, the control group girls 
experienced a decrease in total counts and moderate 
activity relative to the intervention group girls.  However, 
among boys a trend emerged where boys of the 
intervention group experienced a greater decline in total 
counts and vigorous PA from grade 5 to grade 6 relative to 
the control group. It is difficult to explain these gender 
related intervention effects. They may reflect gender 
related intervention effects but also may reflect unusual 
activities within certain schools during the periods of 
testing. For example, the sharp increase in PA among girls 
of the control group during grade 5 may have been 
influenced by the schools participation in other initiatives, 
such as Jump Rope for Heart, which in turn may explain 
the reported decline in among this group in grade 6, 
although we were not aware of any extraordinary 
programs.   
 
Although unsuccessful at increasing the overall quantity or 
intensity of PA, the intervention did have a positive effect 
on PA levels on the days it was conducted by Bluearth 
instructors (BEI; 2 occasions per week) compared to days 
of the week which it was not conducted by Bluearth 
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instructors (nonBEI). More specifically, boys accumulated 
856 more steps and spent 2.4 minutes more in vigorous 
intensity activity, 5 minutes more in moderate activity, and 
spent 27.6 minutes less in sedentary activities on days 
when Bluearth instructors conducted a class. Similarly, girls 
performed 451 more steps and spent 2.6 more minutes in 
moderate activity and 23.8 less minutes in sedentary 
activities on BEI compared to nonBEI days. Bluearth 
timetables changed from year to year and we therefore 
rule out day of the week as being a factor in these results. 
These findings may reflect that; (a) the two BEI classes per 
week accounted for a large proportion of the government 
required 150mins of PE per week and consequently, less 
PE was required to be taught by classroom teachers on 
nonBEI days or (b) BE teachers represent more of a role 
model for physical activity among students than classroom 
teachers, and that their presence twice a week produced a 
positive influence on physical activity.  
 
While recent reviews have concluded that PE interventions 
have had mixed success in improving PA in youth24, a 
recent study is worth noting in the context of our 
findings23. Utilizing a similar PE intervention program 
delivered twice a week by trained physical educators in 
Switzerland, improvements in school-time PA among an 
intervention group over a one year period were reported. 
A notable difference in the Swiss study compared to the 
current study was that on days when the PE instructor did 
not teach, the instructor designed structured lessons plans 
for class room teachers to deliver and these additional 
classes were mandatory. This difference may have been a 
key factor to the success of the Swiss study and a possible 
area for consideration by program designers of the 
Bluearth program for improving PA outcomes.  
 
In any case, while the Bluearth program increased activity 
on two days of the week in intervention schools, this was 
not sufficient to improve overall weekly PA compared to 
the control group. On the other hand, the significant 
difference in sedentary activity between control and 
intervention boys may indicate that the Bluearth program 
is having a positive and lasting impact on limiting 
sedentary activities among boys.  
 

Strengths and weakness 

Strong aspects of our work lie within the substantial size of 
a similarly aged cohort; the repeated objective 
measurement of physical activity, including pedometer 
measures encompassing all days of the week in 5 
successive years in the same months of the year; of 
administration of the pedometers and accelerometers 
simultaneously in the schools over the final two years; and 
the use of the Best Linear Unbiased Predictor statistical 
technique to make best use of all pedometer data.  
 
Limitations include that our objective measures of activity 
do not accurately measure non ambulatory activities such 
as swimming, which is a popular club sport in Australian 
children; that our data are dependent on children wearing 
the pedometers and accelerometers as instructed. On the 

other hand,  the use of pedometers and accelerometers 
per se and the reliability of our procedures were strongly 
supported by the emergence of the daily and yearly 
patterns; the pedometers and procedures obviously being 
of sufficient sensitivity to identify these characteristics in 
our group. Finally it is re-emphasized that our work was 
confined to the same season of the year, the weather 
being consistently dry with moderate daytime 
temperatures suitable for outdoor exercise, a feature 
which helped us compare successive years. Nevertheless, 
given that volume of PA has been reported to be season 
dependent11, the pattern which emerged in the spring in 
our study may not apply to other seasons of the year.  
 

CONCLUSIONS 

 
This study raises concerns over the PA levels of children in 
our cohort, the majority of whom did not meet the daily 
PA recommendations (60 minutes of MVPA a day) and fell 
below target step counts recommended by previous 
studies. A pattern of PA emerged which was characterized 
by a buildup in daily PA from Monday to Friday followed by 
a progressive decline on weekends, making weekends and 
the beginning of the school week key days for 
interventions to target. The Bluearth program was 
successful in increasing PA but only on the days the 
intervention was taught by Bluearth instructors. These 
increases were not sustained on other days of the week, 
with the exception of time spent in sedentary activity, 
which was found to be lower among boys of the 
intervention group.  Given that a key objective of any 
physical activity program is to increase quantity and/or 
intensity of physical activity, especially in children who are 
insufficiently active, the intervention program might 
benefit from trialing modifications to achieve such 
objectives.  
 
 

What is known about this topic   

• Total PA levels in pre-adolescent boys are generally 
higher than in girls 

• Interventions aimed at increasing PA have had mixed 
success and have not been shown to be sustained over 
periods of years 

• Weekend days tend to show less PA than weekdays 
• Levels of PA recommended for ongoing health of 

children around the world are not being met by most 
children 

• PA is thought to decline from childhood to adolescence 
 

What this study adds 

• There is a consistent pattern of PA from day to day  in 
boys and girls characterized by a general increase from 
Monday to Friday and a sharp decline on Saturday with 
Sunday being the least active day of the week 

• The same pattern is followed by the level of moderate 
and vigorous PA.  
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• This pattern persists from year to year from grades 2 to 

6 in primary school 
• The mean total PA of the cohort did not show a 

consistent pattern of increase or decline from year to 
year 

• The level of PA was higher in children on the days they 
participated in the Bluearth physical education 
intervention 

• There was no evidence that total weekly PA was 
affected by the intervention, although the intervention 
group were measured as being less sedentary than the 
control group in the final two years.  

• Most of the children, and more of the girls than boys, 
fail to meet the recommended levels of PA, despite 
ready access to playing fields and organized sport. Only 
30% of the boys and 8% of the girls met the daily 
recommended level of 60 min/d of moderate and 
vigorous PA. 
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ABSTRACT 

 
Background: Habitual physical activity (PA), cardio-
respiratory fitness (CRF) and percent body fat (%BF) are 
risk factors for chronic disease. There is evidence that 
these factors are all related in children, but causation 
inferences and their direction are not well established. PE 
interventions targeting improvements in CRF and fatness 
in children have had mixed success, improvements being 
difficult to detect due to concurrent changes associated 
with growth and development and methodological 
constraints. 
 
Objective:  To investigate how CRF and %BF predict PA in 
growing children, and to determine whether a specialist-
taught physical education program could improve fitness 
and PA. 
 
Participants:  349 boys and 346 girls initially in grade 2 at 
age 8.0 (SD 0.3) years within 29 government-funded 
primary schools.  
 
Setting:  The Australian LOOK longitudinal study 
 
Intervention: All children usually received 150 min/week 
of physical education from general classroom teachers. In 
13 schools, 100 min/week was replaced by an intervention 
from specialist physical educators. The remaining 16 
schools formed the control group.  
 
Main outcome measures:  CRF was measured by the 
multistage shuttle test, %BF by dual X-ray absorptiometry 
(DEXA) and physical activity by pedometers and 
accelerometers. Assessments for this section of the LOOK 
project took place in grades 2, 4, and 6, with the exception 
of the accelerometer measures, which were administered 
only in grade  6. 
  
Results: CRF was positively associated with PA in boys and 
girls at both the between-child (p<.001) and between-
school (p<.02) level independently of %BF, and at the 
within-child level for boys (p<.001). %BF was negatively 
associated with PA, this relationship occurring at the 
between-child level (p<.001) for boys and girls and at the 

within-child level for boys (p=.04) with a trend in the same 
direction in the girls (p=.12). These relationships were 
weakened after adjusting for CRF, with only the between-
child relationship remaining significant (p=.05 and .014 for 
boys, girls respectively). Associations of both CRF and %BF 
with PA were stronger among boys than girls, with CRF and 
%BF relationships also being stronger with vigorous 
intensity activity than with total PA.  There was no 
evidence of any Bluearth intervention effect on PA or CRF 
over the course of the four years. 
 
Conclusions:  Relationships between PA and CRF and %BF 
are evident among the LOOK cohort of healthy Australian 
primary school children, more physically active children 
having better fitness and reduced fatness. Our longitudinal 
(within-child) data indicate that an individual boy who 
increases his fitness or reduces his %BF over the four years 
of primary school is a boy who becomes more active, 
although we cannot infer cause either way. Relationships 
not only exist at the child level, but also exist at the school 
level, as schools varied in the average PA of their pupils. 
Schools where children have lower average %BF and 
higher fitness levels have higher average PA levels among 
their students. Strategies to improve PA in children may be 
well advised to target the school senior administrative and 
classroom teacher just as keenly as targeting the children 
themselves. 
 

Number of measurements 

  
Measurements Boys Girls 

     

Grade 2 
(2005) 

 

Physical Activity 
(Pedometers) 
Fitness 
Body composition 

349 346 

     

Grade 3 
(2005) 

 
Physical Activity 
(Pedometers) 
Fitness 

290 308 

     

Grade 4 
(2005) 

 

Physical Activity 
(Pedometers) 
Fitness 
Body composition 

285 283 

     

Grade 5 
(2007) 

 
Physical Activity 
(Pedometers & 
Accelerometers 

272 256 

     
     

Grade 6 
(2009) 

 Physical Activity 
(Pedometers & 
Accelerometers 
Fitness 
Body composition 

270 268 
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INTRODUCTION 

 
The value of gaining a better understanding of the 
relationships between physical activity (PA), cardio-
respiratory fitness (CRF) and adiposity or percent body fat 
(%BF) lies in the knowledge that inadequate PA, CRF and 
increased  percent body fat (%BF) are all risk factors for 
chronic disease in adults1. In studying the relationships 
between these variable we are likely to learn more about 
the design of strategies to improve these characteristics in 
children. In 'the Development of Adiposity' section in this 
report, we explore the relationships of PA and nutritional 
intake with %BF as the response variable, as there is 
ongoing debate as to the relative determinants of 
adiposity in children.  Both adiposity and fitness have been 
shown to track from childhood into adulthood2-3 and for 
this reason it is important to address these health 
enhancing behaviours during the early years. In this 
section of work we focus on PA as the response 
(dependent) variable and how well it can be predicted by 
%BF and CRF. We do so both from a between-child (cross-
sectional) and within-child (longitudinal) perspectives as 
well as considering it at the between-school level. 
 
Negative relationships between PA and %BF have been 
reported in a number of observational studies among 
children4-7. In addition, there is some evidence to suggest 
that school based PA interventions can reduce %BF by 
increasing PA8, supporting the belief that improving PA 
levels can reduce obesity.  The “reverse causality” situation 
has also been reported, where a recent study concluded 
that increased fatness was more likely to lead to 
inactivity9. Examining the relationship between %BF and 
PA in children is certainly not a straight forward affair in 
growing children, being complicated by growth and 
potential confounding factors such as puberty and body 
size. Many studies have been limited by their lack of 
control of these factors and therefore their ability to 
identify independent relationships.  
 
Similar potentially confounding issues arise in examining 
the relationship between PA and CRF. Currently the nature 
of the link between habitual day to day PA and fitness is 
not clear10 but a number of studies investigating this 
relationship have indicated that children who spend more 
time in vigorous activity report higher levels or CRF4, 11-12. 
In addition, evidence from structured exercise training 
programs that increase high intensity PA have shown small 
but significant improvements in aerobic fitness among 
children and adolescents13-14. These findings suggest that 
PA of a higher intensity is more beneficial to improving CRF 
than lower intensity activity and that intensity of PA may 
be more important than total volume of PA. 
 
The objective of the current study was to apply our quasi-
experimental longitudinal design to investigate how well 
CRF and %BF predict PA in growing children. In addition, 
our design involved clusters of schools and we were 
interested in relationships at the school level. In other 
words, whether average PA in a particular school could be 

predicted by the average %BF and CRF of its pupils.  Finally 
we sought to evaluate the effect of a long term (4 year) 
school-based PE program (conducted by specialist physical 
educators from the Bluearth Foundation) on PA and CRF 
within our cohort of free-living healthy pre-adolescent 
Australian children. 

METHODS  

 

Subjects 

Participants were initially 695 children (349 boys and 346 
girls) from the LOOK (Lifestyle of our Kids) longitudinal 
study described elsewhere15. Children were recruited from 
30 government-funded primary schools in the city of 
Canberra in the Australian Capital Territory. Using 
Australian Taxation Office statistics in 2005, average 
taxable family income in the suburbs of residence of our 
cohort approximated the national average. Approximately 
90% of the children had one or both parents of Caucasian 
descent, 7% of Asian descent, 1% indigenous Australian or 
Polynesian, with 2% unknown. Means (and standard 
deviation) of subject characteristics at the time of the first 
measures of PA were: age 8.0 (0.3) years for both sexes; 
height 1.31 (0.6) m and 1.30 (0.6) m; weight 29.7 (5.7) and 
29.5 (6.5) kg for boys and girls respectively. 
 
To help offset any potential attrition-related bias, children 
were not subjected to skinfold testing or any other 
procedures that may have led to embarrassment and 
withdrawal from the project.  
                                                                                        

Pedometers 

Pedometers were issued to the children for one week on 
three separate occasions one year apart. The testing 
periods were confined to the same period in each year, in 
Spring to early Summer months of October to December in 
2005, 2006, 2007, 2008 and 2009 and included a weekend. 
The remaining days were normal school days.  Children 
wore pedometers on their right hip for seven consecutive 
days, and the first day’s measurement was randomly 
distributed from Monday through to Friday. The first day’s 
measurement was not included in our analysis given that 
part of it was incomplete, but also because the novelty of 
wearing the pedometers may have influenced initial 
activity. Missing values in each year were accounted for 
using the statistical procedures outlined below. We used 
pedometers of identical step detection mechanism 
throughout the study, distributed by Walk 4 Life 
(Plainfield, IL USA) in the first year, and by New Lifestyle 
(Lee's Summit, MO USA) in ensuing years. The validity of 
the latter pedometer mechanism has been verified with 
children of about the same age as our cohort16. Prior to 
circulation among children, each year a routine calibration 
check was carried out on every pedometer by the same 
technician, and only pedometers that were accurate to 
within 0.5% were used.   
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Accelerometers 

In the final two years of elementary school (grades 5 and 
6), children’s activity was also assessed using 
accelerometers (Actigraph GTIM, Pensacola, FL, USA). 
Accelerometers were positioned on a belt around the 
waist in line with the right knee. Cut off points for 
Sedentary activity were defined as (0-100 counts per 
minute), light activity (101 – 2296 counts per minute) 
Moderate physical activity (2297 – 4012) and vigorous 
physical activity (greater than 4013 counts per minute 
based on published recommendations17), and using an 
epoch length of 60 seconds. The first day’s data were again 
discarded for accelerometers to minimize any potential 
reactivity. Days of accelerometer data were included if 
there were 10 or more hours of activity; an hour being 
considered invalid if there were more than 30 zero counts 
in a row (30 minutes of non-wear time). Actigraph 
accelerometers have been validated for use in both 
children and adolescents18.  Accelerometer data were 
analyzed using Meterplus software (San Diego State 
University in partnership with Actigraph, Pensacola, FL, 
USA).  
 

Cardiorespiratory fitness 

The 20m multistage shuttle test  (MSST) was used to 
estimate CRF, being well-established as a field test with 
children19. While the MSST is a practical way to measure 
CRF in large groups, the test requires maximal effort and as 
such may be influenced by factors that impact upon 
performance such as motivation. 
 

Body composition 

Body composition was determined by dual energy X-ray 
absorptiometry (DEXA) and %BF was calculated, along with 
height and weight, as described in 'The Development of 
Adiposity'  section of this report. 
 

Timing of measurements 

Measurements were taken over a four-month period from 
September to December, the majority of the measures 
completed over two months. Heights and weights were 
measured at the time of the fitness and pedometer tests 
(at school) and again at the time of the DEXA assessments 
(at the Canberra Hospital). Pedometer and fitness 
measures were collected each year from grade 2 (2005) to 
grade 6 (2009) and accelerometer data were collected in 
both grade 5 and grade 6. DEXA data was measured in 
grades 2, 4 and 6 and therefore investigations in 
relationships incorporating %BF are constrained to these 
years.  
 

Statistical analyses  

A statistical model was formulated to study relationships 
at the between-child and between-school levels of PA as 
well as those at the within-child (temporal) level. Our 
statistical model has the form set out below, with %BF as 
an example of an explanatory variable. 

 
PA = constant + Group effect+ SES effect + %BFs+ School 
random effect + School.Grade random effect+ Sex effect + 
Sex.Group interaction + %BFc + Child random effect + 
Grade effect + Sex.Grade effect + Group.Grade effect + 
%BFw + possible interactions between fixed effects + 
within-child random error   
 
The terms %BFs, %BFc and %BFw denote the vectors of 
variation at the school level, between-child and within-
child levels. Group refers to the intervention and control 
groups, Grade to the primary school grade and 
Grade.Group effect is the intervention effect. 
 
The above model fits within the general framework of 
general linear mixed models20. Statistical significance of an 
effect was assessed by calculating adjusted Wald 
statistics21.  Where necessary, variables were scaled by 
square roots or natural logarithms to better meet linearity 
assumptions. General model checking procedures were 
routinely used to identify aberrant data and to check the 
model assumptions. Statistical computation was 
undertaken using the statistical package Genstat. 
 

Derivation of a pedometer Physical Activity Index 

(PAI)   

 
Associated with each of the random terms in our model is 
a set of statistics. These statistics or effects, similar to 
residuals, are known as the Best Linear Unbiased Predictor 
(BLUP) or “shrunken mean”23 and for a given individual this 
is a weighted combination of the population mean and the 
mean for that individual. We chose this statistic as the 
preferred single summary measure of PAI for each child, 
the PAI index, because of its desirable statistical 
properties. In particular, and in contrast with the simple 
mean of PAI, the distribution of the PAI index has a known 
mean and variance. Furthermore, the PAI index is adjusted 
for possible differences in activity due to day of week, is 
able to utilize incomplete sets of individual data, and 
provides improved predictive ability of an individual’s 
activity level compared with conventional methods. The 
details of its calculation are provided in the Appendix of 
this report    
 

Relevant factors differentiating the intervention and 

control programs 

The philosophy and practical elements of the intervention 
program are explained at the provider’s website22, and 
outlined in detail in the Pedagogy section of this LOOK 
report. The Bluearth intervention classes spent a greater 
amount of time (but not proportion of time) in vigorous 
physical activity and fitness activities than the control 
(classroom teacher directed) physical education and there 
were distinct differences in the nature of “fitness” 
activities between the groups. Conspicuous and 
contrasting features of the Bluearth physical education 
included its static and dynamic activities to develop 
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balance and strength, and its variety of games and small 
group activities designed to encourage vigorous physical 
activity and maximal individual participation, and minimal 
competition. The specialist intervention teachers, again in 
general contrast with general classroom teachers, 
participated in all the activities, with the intention of 
maximizing individual motivation. The fitness activities in 
the control group were usually based on traditional ball 
sports and associated practices including minor games and 
often involved group run/walks with less attention to 
sustained individual engagement. 

RESULTS 

Table 1 summarizes the unadjusted values of PA, fitness, 
%BF and height and weight for boys and girls over the 
course of the study.  
 
Boys were significantly more active than girls, had higher 
CRF and had lower levels of %BF. Figure 1 shows the 
unadjusted (raw) values of CRF and the age related 
increase in CRF from grade 2 to grade 6. 
 

Body weight 

Body weight was significantly associated with PA at the 
between-child and within-child levels for boys (p<.001) and 
girls (p<.001). Consequently all of the relationships 
described below have been adjusted for body weight. 
 

Daily physical activity (steps) and CRF 

Table 2 summarises relationships between the pedometer   
measured daily PA Index (PAI) and  both CRF and %BF. 
 
The CRF was significantly and positively associated with 
PAI at the overall level (this incorporates all levels of 

relationships), and at the between-child levels for both 
boys and girls. In addition, a significant association was 
found for boys at the within-child level, but not among 
girls. All significant relationships between PA and CRF 
persisted after adjusting for %BF. The overall, between-
child and within-child relationships are illustrated in 
Figures 2a and 2b for boys and girls respectively. 
 

 

 
 

Figure 1  The means of cardio-respiratory fitness  (stages 
reached in the multistage shuttle test) shown for Grades 2, 4 
and Grade 6  

 

 

Table 1 Medians and percentiles of the unadjusted number of steps per day in the three major measurement periods 
      Grade 2 

  
Grade 4 

 
Grade 6 

  N 5% Median 95%  N 5% Median 95%  N 5% Median 95% 
                
Height  F 390 120.1 128.6 137.3  301 130.3 140.5 150.3  277 141.5 154.1 164.7 

(cm) M 414 120.6 130.2 139.4  303 130.9 141.9 152  286 141.2 153.5 166.3 

                 
 Weight F 390 21.7 27.3 39.8  301 26.4 34.5 53.0  277 32.74 45 66.2 

(kg) M 414 22.5 28.0 38.6  303 27.2 35.5 50.3  286 33.2 44.8 66.5 

                
 CRF F 388 2.2 3.2 5.4  285 2.6 4.1 7.3  239 3.0 5.2 8.9 

(MSST 
score) 

M 410 2.2 4.1 6.9  294 2.8 5.4 8.7  251 2.9 6.2 10.1 

                
Physical  F 397 80.1 97.3 113.4  397 78.8 93.5 110.7  397 77.1 91.4 106.5 

Activity 
(PAI) 

M 423 90.4 107.9 126.9  423 84.5 102.2 120.1  423 78.5 98.0 116.5 

                
 %BF F 365 19.2 27.1 39.5  290 18.5 28.5 41.9  256 18.3 26.6 39.5 

 M 369 15.3 21.8 34.3  296 15.6 23.9 36.7  278 14.2 23.5 38.6 
                
 BMI F 390 14.1 16.6 22.4  301 14.5 17.7 24.7  277 15.2 19.0 26.2 

 M 413 14.2 16.5 21.1  303 14.7 17.6 23.7  286 15.5 18.9 25.3 
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PA Intensity and CRF  

Accelerometer data were collected in both grade 5 and 
grade 6, however %BF was measured only in grade 6. For 
this reason the following analyses have been broken down 
into two sections  Firstly, we carried out the  longitudinal 
analyses including both grade 5 and grade 6 data with no 
adjustment for %BF, enabling us to explore relationships at 
the varying levels (within-child, between-child and 
between-school). Secondly we performed cross-sectional 
analysis with grade 6 data, with and without adjustments 
for %BF.  
 
 

 
 
Figure 2a  Graph showing the relationship between total PA 
(PAI)  and CRF adjusted for  %BF for boys at the between-child 
(solid line) and the within-child level, adjusted for lnWeight, 
Age, Puberty  and other design variables. 
 

 

Figure 2b Graph showing the relationship between total PA 
(PAI)  and CRF adjusted for  %BF for girls at the between-child 
(solid line) and the within-child level, adjusted for lnWeight, 
Age, Puberty  and other design variables. 

 

Longitudinal analyses 

The relationships between PA intensity and CRF for grade 5 
and grade 6 are summarised in Table 3.  
 
At the between-child level, significant and positive 
relationships were found between total counts, vigorous, 
moderate and light activity with CRF among boys and girls. 
In addition, a significant negative relationship was found 
for sedentary activity and CRF for both boys and girls. At 
the within-child and between-school levels significant and 
positive relationships were found for vigorous and 
moderate activity for both boys and girls. There was 
evidence of an association between total counts and CRF 
at the within-child and between-school level and these 
associations were stronger among boys. 

Cross sectional analyses 

A summary of the cross-sectional relationships between 
accelerometer derived intensities and %BF are 
summarised in Table 4. 
 
For both boys and girls, relationships between CRF and 
both vigorous and moderate intensity activity were 
significant and positive. Gender differences were found 
between the relationships of light and sedentary activity, 
indicating that for boys, a significant and positive 
relationship was found for light activity, and a significant 
and negative relationship was found for sedentary activity 
and CRF. However no significant relationships were found 
at these lighter intensities for girls. Adjusting for %BF had 
little impact on any of these relationships.  
 

Daily physical activity (PAI, steps) and % body fat 

Percent body fat was significantly and negatively 
associated with PA at the overall and between-child levels 
among boys and girls. At the within-child level there was 
evidence of a significant and positive relationship between 
%BF and PA but only for boys. After adjusting for CRF, 
relationships persisted at the overall and between-child 
levels; however these relationships were weaker as 
indicated by smaller effect sizes. Within-child relationships 
were no longer significant after adjusting for CRF. 
 

Physical activity intensity and % body Fat 

Due to the timing of DXA measures which only coincided 
with accelerometer measures at Grade 6, the following 
analyses concerning PA and %BF are cross sectional. These 
findings are presented in Table 4. 
 
Significant and negative relationships were found between 
%BF with each of total counts, vigorous PA and moderate 
PA for both boys and girls. In addition a significant negative 
relationship was found between light intensity PA and %BF 
for girls and a significant positive relationship was found 
between sedentary activity and %BF for boys. After 
adjusting for CRF, any evidence of significant relationships 
between %BF and any of the accelerometer variables for 
girls subsided. Among boys, significant relationships 
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persisted between %BF and vigorous, moderate and light 
PA, however, the direction of the relationships changed 
from negative to positive for both moderate and light 
activity with %BF. 
 

The effect of the Bluearth intervention on CRF  

No significant differences in CRF were found between the 
control and intervention groups. The effect of the Bluearth 
intervention on PA is discussed in the previous chapter.  

 
 
Table 2 Relationships with pedometer measured daily PAI  and CRF and %BF 
 

Sqrt is the square root, ln is the natural logarithm, adj is adjusted, and the letters o, s,c,w refer to overall, within-school, between-child and within-child. The 
overall relationship incorporates s,c, and w. 

 
 
Table 3  Relationships between  cardiorespiratory fitness and accelerometer derived data collected in grade 5 and 6 
 

Sqrt is the square root, ln is the natural logarithm, adj is adjusted, and the letters o, s,c,w refer to overall, within-school, between-child and within-child. The 
overall relationship incorporates s,c, and w. 

 Boys  Girls 

 β SE p 
 

β SE p 

                
CRFo 7.92 0.93 <0.001  5.97 1.09 <0.001 
sqrtCRFs 15.85 6.11 0.015  13.72 4.49 0.006 

sqrtCRFc 13.58 1.36 <0.001  12.74 1.59 <0.001 

sqrtCRFw 3.85 1.16 <0.001  0.69 1.36 0.614 

        

CRF (adj %BF) 7.30 1.03 <0.001  5.76 1.20 <0.001 
sqrtCRFs (adj %BF) 14.91 6.30 0.025  13.62 4.46 0.003 
sqrtCRFc (adj %BF) 13.74 1.58 <0.001  12.79 1.79 <0.001 
sqrtCRFw (adj %BF) 3.66 1.21 0.003  1.16 1.43 0.419 
        
Ln%BFo -7.33 1.88 <0.001  -8.96 2.25 <0.001 
ln%BFs 0.16 8.74 0.985  -8.69 9.33 0.36 

ln%BFc -11.41 2.70 <0.001  -11.74 2.84 <0.001 
ln%BFw -4.85 2.35 0.039  -5.15 3.31 0.120 

        
%BFo (adj sqrtCRF) -3.22 2.15 0.134  -4.58 2.53 0.071 
ln%BFs (adj sqrtCRF) 0.87 8.17 0.916  -2.92 8.69 0.739 

ln%BFc (adj sqrtCRF) -5.41 2.75 0.05  -7.43 3.02 0.014 
ln%BFw (adj sqrtCRF) -1.32 2.84 0.642  0.01 3.78 0.998 

        

  Total (counts) Vig (min) Mod(min) Light(min) Sed(min) 

 β SE p β SE p β SE p β SE p β SE p 

Boys                

CRFo 87.30 10.92 <0.001 1.29 0.15 <0.001 1.18 0.14 <0.001 0.45 0.17 0.008 -0.77 0.21 <0.001 

sqrtCRFs 111.00 48.57 0.025 2.32 0.69 0.001 2.80 0.72 <0.001 -0.77 0.86 0.37 -1.43 0.96 0.14 

sqrtCRFc 111.40 14.87 <0.001 1.63 0.20 <0.001 1.44 0.19 <0.001 0.65 0.24 0.007 -1.21 0.30 <0.001 

sqrtCRFw 48.05 18.66 0.01 0.65 0.25 0.011 0.61 0.24 0.013 0.31 0.28 0.271 -0.07 0.36 0.839 

                

Girls                

CRFo 83.71 11.70 <0.001 1.24 0.16 <0.001 1.27 0.14 <0.001 0.16 0.19 0.374 -0.47 0.24 0.048 

sqrtCRFs 119.00 60.65 0.062 1.88 0.71 0.015 2.30 0.90 0.019 0.19 0.86 0.823 -0.12 1.39 0.931 

sqrtCRFc 112.40 17.55 <0.001 1.39 0.24 <0.001 1.57 0.20 <0.001 0.77 0.31 0.013 -1.02 0.36 0.005 

sqrtCRFw 40.14 21.15 0.058 0.91 0.29 0.002 0.76 0.25 0.003 -0.39 0.29 0.182 0.19 0.42 0.651 
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Table 4  Cross sectional (Grade 6) relationships between Accelerometer derived PA and CRF and %BF 
 
 

Sqrt is the square root, ln is the natural logarithm, adj is adjusted. 

 
 

DISCUSSION 

 
The results of the present study indicate that CRF is 
strongly and positively associated with (i.e. is predictive of) 
PA and this was independent of %BF in both boys and girls. 
Furthermore, differences in the strength and direction of 
these relationships were found to be proportional to PA 
intensity, with progressively stronger associations found 
from general day to day determinations of steps per day to 
moderate and vigorous PA.  
 
Similarly, we found evidence for a negative relationship 
between %BF and PA, however, this relationships was 
weakened after adjusting for CRF, indicating that much of 
the effect of %BF was due to the its relationship with CRF.  
 
In addition, we found new evidence that these 
relationships not only exist at the child level, but also exist 
at the school level, as schools with children exhibiting  
average higher fitness levels also have higher average PA 
levels. It is indeed interesting in itself that the schools 
varied in average fitness and PA.   
 
Our data also indicate that the associations of both CRF 
and %BF with PA were stronger among boys than girls. 
 

Body weight 

Body weight was significantly associated with PA at the 
between-child and within-child levels for both boys and 
girls. This occurrence, common in most of the relationships 
explored in the LOOK report, most likely reflects the effect 
of the many correlates of growth and development of the 
child on PA.  Consequently, as is the case throughout this 
report, all the relationships we describe are adjusted for 
body weight unless specified otherwise.  (In most cases we 

could have achieved similar results adjusting for height, 
but weight generally assumed a stronger presence.) 
 
Adjusting for changes in body weight in the investigation 
of relationships between the many response and 
explanatory variables of interest is clearly a vitally 
important aspect of the LOOK project. The relationships 
described in this section are also adjusted for other 
potentially confounding variables such as grade (age), 
pubertal rating, and socioeconomic status. In effect the 
relationships between, for example %BF and PA, can be 
viewed as those which occurred in children of the same 
weight, age, pubertal rating and socioeconomic status, 
thus facilitating clearer inference than unadjusted 
relationships.  

 

 Physical activity, cardiorespiratory fitness and 

percent body fat 

Strong positive relationships between total daily PA and 
CRF for both boys and girls were found and these 
relationships persisted after adjusting for %BF. This 
relationship was stronger for boys, where there were more 
consistent within-child relationships with both pedometer 
and accelerometer measures.   
 
Within-child measures, which are determined from 
longitudinal data are not common in the literature but are 
practically more relevant in that they indicate how an 
individual changes in PA with a change in CRF or %BF. A 
characteristic of importance pertaining to within-child 
relationships is that the child serves as their own control, 
removing the genetic variation that can confound 
interpretations of relationships across a population.   
 
Our longitudinally acquired data are of practical relevance 
in showing that along with an increase in CRF in a child we 

    Total (counts) Vig (min) Mod(min) Light(min) Sed(min) 
  β SE p β SE p β SE p β SE p β SE p 
                                  

Boys                 

CRF  84.44 7.19 <0.001 1.34 0.10 <0.001 1.21 0.10 <0.001 0.38 0.11 <0.001 -0.69 0.14 <0.001 

CRF (adj %BF) 103.50 11.97 <0.001 1.24 0.18 <0.001 1.64 0.18 <0.001 0.87 0.22 <0.001 -0.95 0.25 <0.001 

                 

%BF  -90.35 13.18 <0.001 -1.86 0.19 <0.001 -1.01 0.20 <0.001 -0.34 0.23 0.131 1.41 0.26 <0.001 

%BF (adj CRF) -4.08 16.97 0.81 -0.92 0.25 <0.001 0.44 0.25 0.08 0.54 0.31 0.08 0.63 0.35 0.075 

                 

Girls                 

CRF  68.08 9.59 <0.001 1.24 0.15 <0.001 1.26 0.14 <0.001 0.12 0.17 0.463 -0.37 0.22 0.091 

CRF (adj %BF) 83.42 12.20 <0.001 1.27 0.19 <0.001 1.49 0.18 <0.001 0.05 0.21 0.254 -0.12 0.28 0.674 

                 

%BF  -63.04 15.84 <0.001 -1.35 0.24 <0.001 -0.90 0.22 <0.001 -0.62 0.26 0.018 0.41 0.33 0.22 

%BF (adj CRF) 10.49 18.72 0.576 -0.25 0.29 0.39 0.42 0.27 0.119 -0.47 0.33 0.154 0.16 0.42 0.698 
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are likely to achieve a change in PA, although we are not in 
a position to infer that one variable caused the change in 
the other, let alone the direction of any causality. Similarly 
our within-child data suggest that if a child decreases %BF 
during the final four years of primary school, then his or 
her PA will increase, although the evidence is not as strong 
for %BF as a predictor of PA as was CRF. Again, we qualify 
this inference, given our observational data, as not being 
able to categorically infer causation.   
 
Nevertheless, accompanied by our physiological know-
ledge of the relationship between PA and %BF, these 
relationships do allow certain insights which may be 
transferred into the design of interventions aimed at 
modifying these variables.   
  

Intensity of PA 

In the final two years, we introduced accelerometers to 
examine the relationship between CRF and intensity of PA. 
Among boys and girls, our data indicate that time spent in 
vigorous and moderate activity was more strongly 
associated with CRF compared with light and sedentary 
activity. The finding that children who spend more time in 
intense physical activities have higher associated fitness is 
consistent with other studies5 11 and is in keeping with 
training studies in youth that show that moderate to high 
intensity exercise programs can improve their CRF10. In the 
current study, sedentary activity was also strongly and 
negatively associated with CRF, but only among boys. This 
gender difference may well be due to girls having less 
variability in sedentary activity (and also less variation in 
CRF) but the results suggest that fitness in the girls has 
little to do with the time they spend in sedentary and light 
activity.   
 

The  school  

A novel finding in the current study was the relationship 
found between PA and CRF at the school level, this being 
evident for total daily activity as well as moderate and 
vigorous activity for both boys and girls. Given that we 
have adjusted these relationships for the socioeconomic 
status of the school district, then it seems that this 
variation in fitness and PA at the school level may be 
driven by the nature of school administration itself.  
 
We discussed the occurrence of a school “culture effect” in 
the chapter on academic performance and such an effect 
appears to occur with both fitness and PA.  It is not 
unreasonable to expect that children within the same 
school share common experiences and exposure to 
opportunities to be active, which in turn may result in their 
PA and CRF being more homogeneous than between 
schools. The nature of these shared experiences presents 
itself as an interesting issue.  
 
The school playgrounds were all part of the same 
government system and did not appear to differ to any 
great extent. It is also reasonable to assume that if 
differences do occur between schools of similar funding 

and government administrative policies, then school by 
school variations in PA and CRF over the four years were 
likely to be driven mainly by the more permanent 
influences on each LOOK child at the school; these likely to 
be the school principal with their executive teaching staff, 
and possibly the school board. Their influence generally 
transcends the four years of this study, and whilst much of 
this influence is likely to occur through the classroom, 
classroom teachers of this cohort have changed from year 
to year.   
 
In any case, these findings strongly suggest that 
interventions to improve PA are more likely to be 
successful should they focus upon factors impacting the 
whole school environment as well as targeting individual 
students.  
 

The intervention component 

Our findings indicate that the Bluearth intervention 
component, consisting of 2 weekly classes of 
approximately 50 minutes, was not effective in improving 
CRF (or PA, as pointed out in the previous chapter) in 
comparison to the control group.  Both groups improved 
their running based CRF to similar extents during the 
course of the four years. We cannot determine how much 
of this improvement was due to the respective physical 
education programs as fitness tends to increase in children 
with age. The bottom line is that the two 50 minutes of 
Bluearth physical activity, with its component of minor 
games providing most of the running based CRF work did 
not have any advantage over the generalist classroom 
teacher methods of using their minor games and sports 
and occasional fitness run around the oval.  
 
We employed a running based measure of CRF which may 
not have reflected aspects on which Bluearth seemed to 
focus more attention, such as flexibility and muscular 
strength, and it might be suggested that the intervention 
group would have done better on these. Actually this was 
not the case, because, although we do not report these 
data here, there was no intervention effect on vertical 
jump test or a test of core or trunk strength.  
 
The salient point is that the CRF improved from year to 
year in both the Bluearth and current practice physical 
education programs. One way to interpret this would be 
that both programs were successful, or alternatively that 
the neural and endocrine changes associated with growth 
and development may have overshadowed any influence 
of school based physical education. On the other hand, we 
could also interpret this as a lost opportunity by the 
intervention (and equally the current practice by the 
classroom teachers) to implement more potent strategies 
that may have increased weekly PA, especially the more 
intense PA and CRF.  
 
However, the introduction of more intense physical 
activity, for example specific running training, is not in 
compliance with the Bluearth philosophy of developing a 
love of physical activity in all children and removing 
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potentially negative experiences that often arise from 
competition such as that inevitably involved in running 
training.   
 
In any case, improving CRF in children over the normal 
course of improvement through natural growth and 
development is not an easy task. Studies to date have had 
mixed success in improving fitness in children using varying 
models to increase PA. However, recent studies show that 
it can be done. Successful outcomes in fitness8 24-25 have 
been reported from programs involving trained PE 
specialists, a common feature being daily intervention 
components and close cooperation between the classroom 
teacher and the specialist. These studies do suggest that 
the Bluearth program may well have had more success in 
improving fitness had classes been conducted on a daily 
basis or had more support in the non-Bluearth days by the 
classroom teachers. In the Pedagogy section it is reported 
that the professional development program for the 
classroom teachers associated with the intervention may 
not have been as successful as hoped.  
 

Strengths and limitations 

The following points constitute limitations: (a) Our 
pedometer work does not take into account intensity of 
PA, nor does it measure non-weight-supported activities, 
and despite our instructions, the children may not have 
worn the pedometers for all activities undertaken during 
the day; (b) Our objective measures of activity were not 
able to take into account activities such as swimming, 
which is a popular club sport in the ACT and we did not 
have accelerometer measures at baseline; (c) Physical 
fitness tests with young children requiring maximal 
exertion always cast doubt over their validity26, (d) We 
cannot draw strong conclusions of causation from our 
longitudinal work, as it does constitute predominantly an 
observational rather than experimental design.   
 
Solid aspects of this study include the following: (a) Our 
use of a relatively large cohort of children all of similar age 
and further control for pubertal status thereby offsetting 
the confounding factor of sexual development; (b) 
Adjustments for other confounding factors, such as 
socioeconomic status and body weight, as well as 
accounting for %BF when interpreting findings related to 
PA; (c)  Our use of DXA to measure % fat rather than 
relying on BMI as a surrogate of fatness; (d) The 
consistency of personnel and test environment in the 
fitness assessments; and (e) Our longitudinal study design 
facilitating the ability to examine relationships at the 
within-child and within-school level.  

CONCLUSION 

 
PA and CRF are closely related in our cohort of Australian 
children.  Our data contribute to the literature mainly 
through its longitudinal design; increases in PA being 
associated with increases in fitness and with decreases in 
%BF as boys and girls proceed through grades 2 to 6. If 

increasing PA is the primary aim of an intervention then 
within-child relationships with CRF point to the importance 
of simultaneously addressing CRF. While we cannot infer 
causation in either direction, CRF and PA (as well as %BF) 
clearly develop hand in hand. Furthermore, the differences 
in and relationships between PA and CRF at the school 
level suggest that strategies to improve CRF and PA in 
children should benefit from targeting the school senior 
staff teachers just as keenly as targeting the children 
themselves.  The intervention had no more effect on CRF 
than the current practice physical education program, 
which may indicate both programs are equally effective. 
However it may also indicate that increasing CRF is not a 
high priority of the Bluearth program which aims firstly at 
ensuring all children are provided positive experiences 
related to physical activity with every lesson. 
 
 

What is known in this area 

 
• Cross-sectional data indicate that physically active boys 

and girls tend to be those with better fitness and leaner 
bodies 
 

• There is limited success, but indeed some recent 
success achieved by school based physical education 
programs increasing the fitness of primary school 
children. These programs have been conducted on a 
daily basis 

 

What this study contributes  

 
• PA and CRF are closely related in our cohort of 

Australian children.   
 

• Our data contribute to the literature mainly through its 
longitudinal design; increases in PA being associated 
with increases in fitness and with decreases in %BF as 
boys and girls proceed through grades 2 to 6.  

 
• If increasing PA is the primary aim of an intervention 

then within-child relationships with CRF point to the 
importance of simultaneously addressing CRF. 

 
• Differences in PA and CRF and the occurrence of 

relationships at the school level suggest that strategies 
would benefit from  targeting school staff as well as  
children (and we show elsewhere in this report, that 
the family and sports coaches  should also be targeted)  

 
• The intervention had no more effect on CRF than the 

current practice physical education program, which 
may or may not indicate success in both programs. 
Should the Bluearth Foundation wish to make greater 
inroads into the fitness of children, it may need to 
reassess its priorities  
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ABSTRACT 

 
Objective: To investigate relationships between 
percentage body fat and physical activity, energy and 
macronutrient intake in healthy, free-living pre-adolescent 
children. 
 
Design: Three measurement periods of 734 non-selected 
Australian pre-adolescent boys and girls at average age 8, 
10, and 12 years. 
 
Measurements: Height, weight, percent body fat (%BF, 
dual-energy X-ray absorptiometry), daily physical activity 
(PA, pedometers), moderate-vigorous physical activity 
(MVPA, accelerometers, final year only); energy, fat, 
carbohydrate and sugar intake (parent/teacher assisted  
one and two-day records) and pubertal development 
(Tanner stage at 10years and 12years). 
 
Results: With adjustments for puberty, and variables 
transformed to meet linearity requirements, negative 
between-child relationships emerged between %BF and PA 
in boys and girls (both p<0.001) and between %BF and 
MVPA in the final year (p<0.001). Percent body fat was 
associated with total energy (p=0.05), carbohydrate 
(p=0.01) and sugar intake (p=0.06) in boys, but these 
relationships were also negative, with no relationships in 
the girls. 
 
Conclusion:  In our cohort, children with higher %BF were 
less physically active, but there was no evidence that they 
consumed more energy, sugar or fat than their leaner 
counterparts. Our data suggest that physical inactivity 
should form the primary focus of any strategy designed to 
reduce childhood obesity in affluent countries. 
 
 
 
 

 

Number of measurements 

 
Measurements Boys Girls 

    

 
DXA 
Physical Activity 

369 365 

Grade 2 
(2005) 

Puberty Assessment NM NM 

Nutrition (Grade 3) 186 207 

    

Grade 4 
(2007) 

DXA 
Physical Activity 

296 290 

Puberty Assessment 174 179 

    

Grade 6 
(2009) 

DXA 
Physical Activity 

278 256 

Puberty Assessment 270 247 

Nutrition  118 116 

    

NM= Not measured 

 

Figure 1 Timing of measurements and numbers of observations. 

INTRODUCTION 

 
The association of obesity with physical and psychological 
dysfunction is well established. Given evidence that 
childhood overweight and obesity increases the risk of 
obesity in the teenage years and adulthood 1-3, maintaining 
optimal body composition at a young age is likely to set up 
better control of body composition in later life. In any case, 
along with physical inactivity, obesity is emerging as a 
cause of metabolic problems in youth 4-5.  
 
In children a positive energy balance is required for 
growth, but increasing childhood obesity over recent 
decades indicates the difficulty modern children have in 
maintaining an appropriate level of positive balance. As to 
what actually leads to such energy imbalance is a subject 
of debate, but there is little debate as to the two major 
influences: over-consumption of food and beverages, 
resulting in increased energy intake; and physical 
inactivity, resulting in decreased energy expenditure. 
Recent changes in serving size, frequency of consumption, 
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marketing strategies, and in particular increased 
consumption of energy-laden beverages may all contribute 
to a greater than optimal energy imbalance 6, and there 
are many observational studies implicating physical 
inactivity as having a major effect on overweight and 
obesity in children 7. 
  
There are varying opinions as to how the problem of 
childhood obesity should be addressed in countries where 
food is abundant and physical activity no longer a routine 
part of work and play. For example, Katz 8 has argued that 
increased energy intake is almost inevitable nowadays and 
compensation through increased energy expenditure too 
difficult, so his view is that over-eating is likely to be the 
major cause of increasing adiposity. On the other hand, 
Gutin9 argues that physical activity (PA), particularly 
vigorous PA, is the main driving influence in the control of 
adiposity, so that physical inactivity is likely to be the main 
cause of childhood obesity.  In general, though, as one 
group concludes 10, there is little consensus as to the 
relative influence of energy intake and output as the 
drivers of childhood obesity in affluent societies.  
 
One aspect of general agreement, however, is that more 
research is required , with employment of more objective 
measurements and better control for potentially 
confounding factors. In attempting to comply with these 
recommendations, we aimed to contribute to the debate 
by investigating associations between the percentage of 
body fat with energy intake and physical activity in non-
selected pre-adolescent boys and girls.  
 

METHODS 

 
This study was part of the multidisciplinary Lifestyle of our 
Kids (LOOK) study as previously outlined 11. Approximately 
90% of the children had one or both parents of Caucasian 
descent, 8% of Asian descent, 1% of Indigenous Australian 
or Polynesian descent, and we had no data on 1% of the 
families. They were recruited from 30 government-funded 
primary schools and the cohort represented 27% of all 
grade 2 pupils in these schools in the Australian Capital 
Territory. The schools were distributed among outer 
suburbs of the territory, rendering suburbs relatively 
homogeneous with respect to facilities and average 
household incomes which approximated the Australian 
average.   
 
The general schema of this particular section on the LOOK 
project is set out in Figure 1, which includes the number of 
observations in the measurement periods of 2005/6 
(grades 2 and 3), 2007 (grade 4), and 2009 (grade 6). 
Attrition or missed tests were due mainly to children 
moving school or being absent from school (approximately 
60%), failing to comply with test procedures in particular 
returning consent forms (approximately 20%), or 
withdrawal from the study due to unwillingness to provide 
a blood sample (part of another investigation within the 
LOOK study, (approximately 20%). An analysis of data from 

children who withdrew from the study revealed no 
evidence of bias in regard to body composition. The 
relatively low numbers for the pubertal stage rating in 
2007 coincided with reduced compliance when parents 
were asked to organize the children’s self-assessments. 
 

Measurements 

Procedures to measure height, weight and %BF using dual 
emission x-ray absorptiometry (DXA, Hologic Discovery 
QDR Series, Hologic Inc, Bedford, MA, USA) have been 
previously described 12. 
 
Physical activity was measured using pedometers (Walk 4 
Life, Plainfield, IL, USA) over seven consecutive days, from 
which a physical activity index, the square root of the best 
representative of average daily step count was calculated, 
as described elsewhere 13. Accelerometers (Actigraph 
GTIM, Pensacola, FL, USA) were used simultaneously with 
the pedometers in the final year, being positioned on a 
belt around the waist in line with the right knee. Moderate 
and vigorous physical activity (MVPA)  was defined as 
counts greater than 2296 per minute based on 
recommendations 14, using an epoch length of 60 seconds. 
The first day’s data were discarded for both accelerometer 
and pedometers to minimize any potential reactivity. Days 
of accelerometer data were included if there were 10 or 
more hours of activity; an hour being considered invalid if 
there were more than 30 zero counts in a row (30 minutes 
of non-wear time). The accelerometer data were confined 
to weekdays and data were analyzed using Meterplus 
software (San Diego State University, in partnership with 
Actigraph).  
 
In grade 3, the food and macronutrient intakes were 
examined using a one-day dietary record based on 
previously described methods 15. With the assistance of 
parents and teachers, children were required to record all 
foods, beverages, and supplements over a 24-hour period.  
Detailed instructions and examples with pictures were 
provided with measuring cups and spoons to assist report 
accuracy of portion sizes . Parents or guardians were asked 
to complete the record for all meals and complete a school 
lunch form recording the foods and amounts the children 
were taking to school or ordering from the canteen. 
Teachers helped the children fill in their dietary records for 
recess and lunch while the children ate in the classroom on 
the collection day. The children brought their records back 
into the classroom the following day at which time a 
trained nutritionist reviewed the records. In the case of 
any discrepancies, the nutritionist interviewed the 
participants for further details.  
 
With consultation from the Australian Commonwealth 
Scientific and Research Organisation (CSIRO), the 
methodology chosen for data collection in grade 6 was 
revised based on the methodology adopted by 2007 for 
Australian National Children’s Nutrition and Physical 
Activity Survey16. A structured protocol was followed 
during the 24-hour recall interview and standard probes 
were used to assist children to remember the specific 
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details of what they consumed. To assist further with 
estimation of portion sizes, participants were given a ‘food 
model booklet’ provided by CSIRO to aid in the interview 
process. The booklet included actual-sized drawings 
suitable for measuring foods which were used by the 
interviewer and both parent and child to verify quantities.  
Parents and children were interviewed twice over the 
phone to establish two days of dietary recalls (24-hour 
food recalls for one school day and one non-school day). 
The five pass method was used for each interview. This 
consisted of an initial listing of foods consumed within the 
past 24 hours, followed by verbal probes to capture any 
“forgotten foods” or supplements, and confirmed the 
timing of the food intake and specific detail with regard to 
quantities. This was followed by another phone interview 
with parent and child to assist the data entry process 
which was directly entered into a laptop for subsequent 
analysis (FoodWorks ProfessionalTM software system 
version 2007, Xyris, Brisbane Queensland). Interviewers 
were trained by two nutritionists familiar with the 
interview process. Interviews were performed within 1 to 
3 weeks of each other, each taking 30-45 minutes.  
 
Pubertal development was a self-assessment of Tanner 
stages 17 using diagrams based on those previously 
described 18. In grade 4, the parents were asked to 
organize this measure and together with the return of the 
sealed envelopes. In grade 6, following poor compliance in 
grade 4, this procedure was supervised by an experienced 
teacher, with close to 100% compliance. 
 
Socioeconomic status (SES) of the suburbs in which the 
schools were centered was obtained from Australian 
Bureau of Statistics published records  19.  
 
The majority of physical activity measures were completed 
in the latter three months 2005, 2007 and 2009. About 
95% of the DXA measures were also completed at these 
stages but some missed appointments were rescheduled 
after this period. Dietary intake surveys were obtained 
twice; the majority of interviews conducted in 2006 and 
2009.  
 

Statistical methods  

The following description is of a statistical model 
formulated to study relationships at the between-child and 
between-school levels as well as at the within-child 
(temporal) level. Our data are multi-level and the response 
variable percent fat (%BF) varies at each of these three 
levels. The same applies to the candidate explanatory 
variables representing physical activity (PA) and the 
nutritional variables energy, sugar and fat intake. Other 
candidate explanatory variables, such as the measure of 
SES, vary only at the school level. Whilst this study focuses 
on the between-child and within-child relationships, it is 
important that our proposed statistical model reflect the 
sampling design and so we must specify and account for 
the complete dependence structure. The factors School 
and Child (within a school) were regarded as random 
effects in our model.  

 
Our multi-level data allow us to segregate inferences 
pertaining to regression relationships at each level. We can 
estimate the difference in %BF across schools within 
suburbs which differ by one unit in SES score or in the 
mean of any given explanatory variable (for example PA or 
energy intake), and distinguish these estimates from 
effects of explanatory variables on %BF for individuals. We 
can estimate effect sizes for the expected change in the 
response over time per unit change in any explanatory 
variable, for a given individual. 
 
To distinguish effects at the different levels and to take 
account of the dependence structure, our statistical model 
has the form set out below, with PA as the example of an 
explanatory variable. 
 
%BF = constant + Group effect+ SES effect + PAs+ school 
random effect + school.year random effect+ Sex effect + 
Sex.Group interaction + PAc + child random effect + Grade 
effect + Sex.Grade effect + Group.Grade effect + PAw + 
possible interactions between fixed effects + within-child 
random error 
 
PAs denotes the vector of PA means for each school which 
varies only at the school level; PAc is the vector of 
differences between the PA mean of each child and the 
school mean, which varies only at the child level; and PAw 
is the vector of differences between repeat observations 
and the relevant child PA mean, which varies only at the 
observation level. The term Group refers an intervention 
group used elsewhere in the LOOK study 
 
The above model fits within the general framework of 
general linear mixed models 20. Restricted maximum 
likelihood is used to estimate variance components and 
weighted least squares for estimating fixed effects. 
Statistical significance of effects was assessed by 
calculating adjusted Wald statistics 21. Where necessary, 
variables were scaled by square roots or natural logarithms 
to better meet linearity assumptions. General model 
checking procedures were routinely used to identify 
aberrant data and to check the model assumptions. 
 
This study was approved by the ACT Health and 
Community Care Human Research Ethics Committee and 
the Ethics Committee at The Australian Institute of Sport. 
Parental and child consent was obtained for all measures 
in this study 

RESULTS  

 
Table 1a presents baseline characteristics of the 
participants and their initial PA and nutritional 
assessments. Table 1b presents unadjusted values of %BF 
by gender and grade. 
 
Apart from a trend toward a negative relationship 
between %BF and PA at the within-child level in the boys 
(β = 0.0013, SE 0.0008, p=0.12), the statistical analyses did 
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not reveal any evidence of within-child relationships. We 
therefore focus attention on the between-child 
(population sample) relationships. 
  
Table 2 shows, for boys and girls separately, the slope (β) 
and significance of the relationships between %BF and 
physical activity, energy, fat, carbohydrate and sugar 
intake at the between-child (population) level. There were 
negative relationships between %BF and PA (pedometers) 
in both boys and girls (both p<0.001), i.e. higher %BF in 
less physically active children. This evidence was 
supported by the association between %BF and MVPA 
measured in grade 6 (p=0.004 and p<0.001 for girls and 
boys respectively). Figures 1a and 1b present graphical 
representations, for boys and girls separately, of the 
relationships between %BF and PA at each level, showing 
the lines of best fit and 95% confidence intervals 
 

TABLE 1a Characteristics of the participants on entry into the 
study, classified by gender (means, SE of mean of raw data) 

 
 Boys Girls 

Age, yr 8.0, 0.3 8.0, 0.3 

Ht, cm 130.3,0.4 128.7,0.4 

BMI, kg/m2 17.0,0.2 17.2,0.2 

Wt, kg 29.5, 0.4 28.7,0.4 

PA, √steps/d 108, 0.9 97, 0.9 

%BF 22.7,0.5 28,0.5 

LnEnergy 8.9., 0.02 8.8,0.02 

LnFat, kJ/d 7.8,0.1 7.7,0.05 

LnCHO, kJ/d 8.3,0.4 8.2,0.04 

LnSugar, kJ/d 7.5,0.1 7.4,0.06 

 
Table 1b Unadjusted values of Percent Body Fat expressed as 
medians and percentiles by gender and grade. 

 
 

N 5% Median 95% 

     

Grade 2 
    

F 365 19.23 27.05 39.47 

M 369 15.32 21.77 34.26 

Grade 4 
 

   F 290 18.47 28.53 41.85 

M 296 15.62 23.88 36.67 

Grade 6 
 

   F 256 18.33 26.60 39.46 

M 278 14.23 23.54 38.58 

There was also evidence of relationships between %BF and 
energy intake (p=0.05), carbohydrate intake (p=0.01) and 
sugar intake (p=0.06) in the boys. However each of these 
relationships was negative, indicating that boys of higher 
body fat consumed less energy, less carbohydrate (CHO) 
and less sugar than leaner boys. Means and standard 
errors of the accelerometer count data, measured only in 
the final year were 41.0 (1.9) for the boys (N=251) and 
30.0 (1.4) for the girls (N=251). Figure 2 depicts the 
relationships between %BF and MVPA, for boys and girls 
combined, showing the line of best fit and the 95% 
confidence intervals.  
 

 Table 2   Between-child relationships of %BF with physical 
activity and nutritional variables.   

 
 

GIRLS BOYS 

 β se p β se p 

PA index 
pedometer 

-0.004 0.001 <0.001 -0.004 0.001 <0.001 

MVPA 
accelerometer 

-0.022 0.008 0.004 -0.041 0.009 <0.001 

Energy 
Intake 

-- -- 0.5 -0.09 0.05 0.05 

Sugar intake -- -- NS 0.2 -0.06 0.03 0.06 

Carbohydrate 
intake 

-0.03 0.030 0.3 NS -0.11 0.045 0.01 

Fat Intake -- -- NS 0.3 -- -- NS 0.4 

 
All p values greater than 0.2 have been designated as NS.  
PA is the physical activity index, the square root of number of steps/day); 
FAT, SUG, CHO, Energy are the intakes of fat, sugar, carbohydrates; Wt is 
body weight, and MVPA is accelerometer derived moderate and vigorous 
PA. *All relationships with %BF have been adjusted for pubertal 
development, district socioeconomic status, and the logarithm of body 
weight (lnWt). The relationship between %BF and lnWt was adjusted for 
PA; The letters following the variable names refer to the level of analysis: 
c indicates the between-child level; w the within-child and o at the overall 
level, combining the between-child and within-child levels. 
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Figure 1a  Between-child relationships between %BF and the PA 
Index (approximately the square root of average steps per day) 
in girls  

 

Figure 1b   Between-child relationships between %BF and the PA 
Index (approximately the square root of average steps per day) 
in boys  

 
Figure 2   The relationship between %BF and accelerometer 
derived moderate and vigorous physical activity as average 
min/d  in grade 6 boys and girls combined. The adjustments 
were as set out in Table 2. 

Further analyses were carried out to assist discussion 
surrounding the issue of fat-related underreporting. 
Relationships between %BF, energy intake and PA in the 
grade 3, 8 year-old boys and girls were calculated. As 
shown in Table 3, there was no relationship between %BF 
and energy intake in this subgroup of girls. For the boys it 
was significant (-0.10, 0.05, p=0.027) but as with the boys 
in general, the negative slope indicated that the grade 3 
boys with higher %BF consumed less energy. Relationships 
between %BF and energy intake were also investigated by 
dividing the group into two subgroups, one with %BF 
greater than 25% and the other with less than 25%, but 
there was no evidence of a relationship in either sub-group 
(all p>0.3). 
 

Table 3   Relationships between %BF and Energy intake in grade 
3 girls and boys; and in grade 3 and 6 girls and boys classified 
according to %BF. 

 β se p-value 

    

Grade 3 Girls  N=207   0.89 NS 

Grade 3 boys  N=186 -0.1 0.05 0.027 

Grade 3,6 girls %BF>25% N=226,154   0.70 NS 

Grade 3,6  boys %BF>25% N=99,116   0.77 NS 

Grade 3,6 girls %BF<25% N=139,102   0.87 NS 

Grade 3,6 boys %BF<25% N=270,162   0.29 NS 

 
For comparative purposes, it was of interest to report 
classifications of overweight and obesity based on BMI22. 
For the girls at the end of grade 2, approximately 24% 
were classified as overweight or obese, and in grade 6 
there were 23% in this combined category. For the boys, 
the respective percentages were 20% in grade 2 and 26% 
in grade 6.  
 

DISCUSSION 

 
To the best of our knowledge this is the first multi-year 
investigation of a large sample of pre-adolescent healthy 
children involving repeated direct (DXA) measures of body 
composition alongside parent and teacher assisted dietary 
intake measurements with control for pubertal 
development and socioeconomic status. Our data revealed 
significant negative relationships between percent body 
fat and physical activity at the population (between-child) 
level in boys and girls, but little evidence of any temporal 
(within-child) relationships. On the other hand there was 
no evidence of any positive relationships between percent 
body fat and energy intake or between %BF and the 
amount or proportion of fat, carbohydrate or sugar 
consumed. In other words, children with higher %BF were 
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less active, but there was no evidence that they consumed 
more kilojoules, fat, carbohydrates or sugar. 
 
As we used logarithmic and square root transformations in 
our model, the practicality of the relationships of PA in our 
cohort may not be immediately obvious. Application of 
some mathematics to the equations involving the 
transformed data permits us to provide an example in 
absolute terms. Consider a 12 year-old child who takes on 
average 10000 steps per day, weighs 50 kg and has a %BF 
of 25%. Our PA index is approximately the square root of 
average steps per day, so a 10 unit difference in PA index 
from 100 to 110 represents a difference of 2100 steps per 
day. For the relationship between ln%BF and the PA index, 
the β value between boys and girls combined (data not 
shown in the Table 2 where boys and girls are treated 
separately) is -0.0039 (se= 0.001). This infers that the extra 
2100 steps per day is associated with a 3.9 percent 
reduction (95%CI: 2.8, 5.1) in %BF and this represents a 
reduction in percent fat of 25% to 24%. In our example of a 
12 year-old, this is equivalent to 0.49kg of fat (95% CI of 
0.35 to 0.64kg).  The relationship between the 
transformed accelerometer data can be described in 
similar terms. Again, combining the boys’ and girls’ cross-
sectional data that are shown in Table 2, a one unit 
increase in the square root of MVPA is associated with a 
3.2 (95% CI 2.1-4.4)% reduction in %BF. Carrying out the 
mathematics on the equation describing ln%BF, and as 
illustrated in Figure 2 with back-transformed data, a 
reduction from 25% to 24% body fat is associated with an 
increase of approximately 16 minutes per day of MVPA.  
 
The negative relationships between %BF and PA are 
consistent with several previous reports where body fat 
has been measured or estimated, rather than body weight 
or BMI 23-29. A recent review of the literature 7, which 
included a study involving 5500 children, DXA , and control 
for pubertal status 30, concluded that vigorous PA, and to a 
lesser extent moderate PA were  negatively related to 
adiposity.  That stronger relationships between %BF and 
PA with more vigorous PA is consistent with the hypothesis 
put forward by Gutin 9 that PA, in particular vigorous 
activity, rather than food intake, is the major driving 
influence on body composition of growing children. 
Investigation of that hypothesis would require an 
experimental design where the effect of increased PA on 
%BF is measured whilst experimentally controlling or 
statistically adjusting for energy output. Our data do not 
arise from any such design of course, but it is interesting 
that when children wore the pedometers and 
accelerometers together, 16 minutes of MVPA was 
equivalent to 2100 steps per day of overall PA in that they 
were both associated with a reduction in %BF from 25% to 
24% across our cohort. 
 
The current investigation of relationships between %BF 
and the nutrition data do little to refute the hypothesis 
that physical activity is the major driving force behind body 
composition in these children. Our findings suggest that 
boys with greater %BF actually consume less energy and 
carbohydrate kilojoules, inferring that the increased 

energy intake of their leaner counterparts is more than 
compensated for by their increased physical activity. 
Whilst this outcome was not expected, it is consistent with 
international observations that increasing childhood 
obesity over previous decades has coincided with a 
reduction in energy intake, together with a decrease in the 
percentage of fat intake 31-32. The tendency for overweight 
and obese children to consume less kilojoules than their 
leaner counterparts is also consistent with the findings of 
the 2007 Australian Nutritional and Physical Activity survey 
16 where the mean energy of 4 to16 year-old boys and girls 
classified as ‘normal weight’ was greater than those 
classified as obese. However, other investigations provide 
mixed results. In studies which employed an objective and 
specific method of measuring body fatness, evidence of 
body fat-energy intake relationships have been reported in 
some 23 33, but not others 34-36. Referring to studies 
employing BMI as a surrogate of fatness in children, 
several of these provided evidence of a relationship 9 37-41 
whilst several have not 29 42-44.  
 
Referring now to the current study, the existence of 
relationships between %BF and both PA and nutrition 
variables provide evidence that the number of 
observations and the sampling instruments provided 
sufficient statistical power. However, caution is warranted 
in making inferences in regard to causality from the 
between-child associations, although in this particular case 
with our cohort of healthy children, confounding 
covariates are unlikely, adiposity being confined to just 
two overall influences, energy intake and energy output. 
Nevertheless, a trial conducted over several years with 
experimental control for nutritional intake and the 
intensity and volume of physical activity is required for 
inferences of causality to be made with the highest level of 
confidence. Such a design would not be easy to implement 
in growing children, and difficulties may arise in satisfying 
modern ethical requirements related to human research. 
Consequently, we are likely to continue to rely on well 
constructed observational studies to provide evidence for 
public health policy making in this important area. 
 
In interpreting the current observational study, the issue 
of an underreporting bias associated with adiposity must 
be considered as a potentially confounding issue45-46, 
although Gutin9 has questioned the existence of any such 
bias on the basis that when body fat was measured rather 
than body weight there was little evidence of body fat-
related to underreporting47. In any case we suggest that 
there were several factors in the current study to suggest 
that adiposity related an underreporting bias was not an 
influential factor. Firstly, parents were clearly advised of 
the importance of providing accurate nutrition records to 
assist interpretation of blood, skeletal and cardiovascular 
measurements undertaken by the children. Secondly, 
information provided to parents and children focused on 
PA, and there were no obvious measurements of adiposity, 
with DXA measurements viewed by the children and 
parents as measures of bone health. Consequently there 
were strong reasons for parents to provide accurate 
nutrition data, with little incentive to intentionally 
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underreport. Thirdly, based on reports suggesting fatness-
related underreporting tends to emerge only in the older 
children 46, we investigated the relationships between %BF 
and energy intake in our 8 year-olds, where 
underreporting was less likely. However, consistent with 
the premise that, in general, fatter children did not 
consume more energy than leaner children, was a lack of 
evidence of any positive relationships. In fact as shown in 
Table 3, the relationship between %BF and energy intake 
in the 8 year-old boys proved to be negative).  As a further 
investigation of potential underreporting, we divided the 
complete data set into two, one set including children in 
excess of 25% body fat (range 25-40%) and the other with 
less than 25% (range 15-25%). Adiposity-related 
underreporting would not be expected in the leaner group, 
but again there was no evidence of any relationship 
between %BF and energy intake. There was no relationship 
in the higher %BF group either; %BF related 
underreporting may have produced a negative relationship 
but this did not occur. 
 
The nutrients fat and sugar have been implicated in the 
increase in obesity over recent decades. For example soft 
drinks and high sugar content fruit juices have been 
associated with childhood obesity 48. Recent reviews of the 
literature, however, provide conflicting conclusions in this 
aspect of nutrition as well 49-50, our data do not support the 
case for the positive. Furthermore, whilst there is some 
reported evidence that the proportion of dietary fat intake 
relative to total energy intake is related to various 
indicators of body fat in pre-adolescent children 51-53 there 
was no evidence of any relationship between %BF and 
total or its proportion of total energy in our cohort. 
 
A noticeable outcome of our statistical analyses was the 
absence of significant relationships at the within-child 
level. Whilst there was a trend in the boys for relationships 
to occur at this level for PA, there was no indication of any 
within-child relationships with energy or macronutrient 
intake. This might be explained, at least in part, by two 
main factors. Firstly, for within-child observations there 
was just one set of observations, compared with the two 
(nutrition) and three (PA) sets of observations for 
between-child analyses. Secondly, there was considerably 
less variation in the %BF, PA and the nutrition 
measurements within-children than between-children, 
rendering within-child relationships more difficult to 
detect.  
 
A strong point of this study was the large number of 
observations, with 1854 pedometer and 1268 dietary 
assessments. The measurements of body fat, PA and 
nutritional intake, with researchers employing well 
accepted methods to obtain data directly from each child 
without reliance on questionnaire self-assessment were 
also strong aspects of this study. Nevertheless there are 
limitations within each of these methods. Measurement of 
%BF using DXA enabled us to avoid use of its surrogate 
BMI, which is likely to present problems in this type of 
study, given its inability to distinguish changes in lean and 
fat mass of growing children 13 54-55. On the other hand DXA 

scans are not without problems in terms of validity in 
children 56, but are sufficiently reliable for longitudinal 
studies. The pedometer and accelerometer 
measurements, whilst objective, were limited in their 
inability to detect activities such as cycling, swimming or 
climbing, and may have impacted upon the strength of our 
associations. Nutrition assessments were undertaken by 
staff experienced with nutritional surveys, and methods 
were those employed in the most recent Australian 
Government’s national nutrition survey. However we 
could not be sure that the instruments used to measure 
the nutritional variables and PA reflected usual behaviour, 
although evidence of relationships with %BF did provide 
support for their suitability in the context of the number of 
observations. Finally the relatively homogeneous nature of 
our participants limits our conclusions to children of 
predominantly Caucasian backgrounds with ready access 
to fresh food and active recreation facilities.  In terms of 
body composition the cohort was typical of children in 
countries with favourable socioeconomic conditions, with 
23% and 26% of the boys and girls respectively in grade 6  
classified as overweight or obese by BMI, somewhere 
between equivalent estimates of children in Europe and 
the Americas 57.  
 

CONCLUSION 

In conclusion, significant negative relationships between 
%BF and PA support the premise that physical inactivity 
contributes to the development of adiposity in healthy 8 to 
12 year-old boys and girls residing within an affluent 
society.  This premise is further supported by an absence 
of positive associations between %BF and energy and 
macronutrient intake in the girls, and negative 
relationships in the boys which indicate that, in general, 
children with greater %BF do not consume more kilojoules.  
These data suggest that strategies directed at reducing 
adiposity in children with ready access to food and 
opportunities for physical activity should ensure that 
increasing physical activity is a prime consideration.  
 
 
What is known on this topic 
 
• In recent decades the frequency of obesity in children 

in the developed and developing world has increased 
considerably 

• The balance of energy intake (where poor quality food, 
especially sugar beverages which are a  strong 
contributor) and energy output  (where physical 
inactivity is a strong contributor) determines body 
composition in children 

• The relative importance of energy intake and energy 
output in children is a subject of collegiate debate  

What this study contributes 
 
• In free-living non-selected pre-adolescent Australian 
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children, on average, fatter females do not consume 
more calories than leaner girls, and fatter boys actually 
consume less energy than leaner boys. 

• In this cohort, fatter boys and girls are less physically 
active than their leaner counterparts 

• These data provide support for the premise that 
increasing physical activity is likely to be a more 
effective strategy than dietary restriction in modulating 
incidence of obesity in modern developed and 
developing societies.    
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ABSTRACT 

Background:  Relationships between insulin resistance, 
obesity and physical inactivity have been reported in 
children and there is evidence that Type 2 Diabetes may 
develop progressively from childhood. 
 
Objective: To determine whether specialist-taught physical 
education in primary school can improve insulin resistance. 
 
Participants:  229 boys and 239 girls initially in grade 2 at 
age 8.0 (SD 0.3) years within 29 government-funded 
primary schools.  
 
Setting:  The Australian LOOK longitudinal study 
 
Intervention:  All children usually received 150 min/week 
of physical education from general classroom teachers. In 
13 schools, 100 min/week was replaced by an intervention 
from specialist physical educators from the Bluearth 
Foundation. The remaining 16 schools formed the control 
group.  
 
Main outcome measures:  The homeostatic model of 
insulin resistance (HOMA-IR), percent fat, physical activity, 
cardiorespiratory fitness, and pubertal development, 
measured in grades 2, 4, and 6. 
  
Results:  Relative to the control group, the age-related 
pattern of increase in insulin resistance over four years 
was lower in the intervention group (p=0.07), the relative 
reduction being most apparent in the last two years 
(p=0.03). With no differences at baseline, by grade 6 the 
means of insulin resistance in the intervention group were 
14% (boys) and 9% (girls) lower than in the control group 
and the percentage of children with HOMA-IR values 
greater than 3, a suggested indicator of metabolic risk, was 
lower in the intervention group (boys 12%, girls 22%) than 
in the control group (boys 21%, girls 40%).  

 
Conclusions: The Bluearth program of specialist-taught 
physical education attenuated the course of increase in 
insulin resistance during primary school years. With more 
than 25% of non-selected grade 6 pupils with HOMA-IR 
values considered to present a metabolic risk, well taught 
physical education offers an opportunity for all children to 
reduce their risk of Type 2 diabetes in later life. 
 

Figure 1   Timing and numbers of observations 

   Intervention Control 
  Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

205 188 181 153 

 Puberty 
Assessment 

NM NM NM NM 
   

    

Grade 4 
(2007) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

147 150 132 131 

 Puberty 
Assessment 

83 98 81 78 
   

    

Grade 6 
(2009) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

121 130 108 109 

 Puberty 
Assessment 

115 122 97 100 
       

 

INTRODUCTION 

Evidence is emerging that Type 2 diabetes mellitus may 
arise progressively through childhood 1-3. Given that 
physical activity is well established as an important 
contributor to the prevention and control of chronic 
disease such as Type 2 diabetes 4, physical education and 
sport in schools appear to offer a convenient means of 
introducing early preventative medicine to all children. 
However, in recent years there are increased pressures in 
several countries, including Australia, for school staff 
members to improve school rankings associated with 
widely publicized nationally conducted academic 
assessments. Combined with reports questioning physical 
education’s influence on obesity 5 and even physical 
activity 6, there may be a tendency for teachers to reduce, 
rather than increase their emphasis on a non-academic 
program such as physical education.  
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Objectives of this study and previous research 

The objective of this study was to investigate the potential 
role of primary (elementary) school physical education to 
preventative medicine, specifically through its influence on 
insulin resistance. There has been little previous attention 
to this area. One large school-based study with an 
intervention involving physical activity and nutrition in 11-
13 year-olds was unable to provide evidence of any direct 
impact on insulin resistance 7. Another study investigated a 
one-year program of increased physical activity to report 
improvements in insulin resistance in non-obese 12 year-
olds8. Whilst this was encouraging, the absence of 
adequate control hinders interpretation of these data.  
 
The cumulative influence of primary school physical 
education over a number of years was of major interest, as 
distinct from an investigation of any potentially transient 
effect of a short term training model. With positive 
reviews from school principals and teachers, one physical 
education program currently being implemented in many 
Australian schools was considered suitable 9 and this 
program formed the intervention for a 4-year school-
based, multi-setting cluster randomized quasi-
experimental trial to investigate its effects on insulin 
resistance. 

METHODS 

 

Design 

The general schema of the project is shown in Figure 1. 
Schools were recruited from an Australian education 
jurisdiction through invitation to the principals. Thirty 
schools were invited to participate, with one school 
principal declining immediately. Following acceptance of 
the study design by each of the 29 school principals and 
the parents of grade 2 children, 13 schools were randomly 
allocated to receive the specialized physical education 
conducted by one of three visiting physical education 
teachers made available to this study and we refer to 
these schools as the intervention schools. The remaining 
16 continued with their current physical education 
program conducted by the classroom teachers and these 
were the control schools. A classical control group devoid 
of physical education was neither practically nor ethically 
acceptable. A simple method of randomization was 
employed where school names on paper tabs were drawn 
from a concealed envelope and matched with another 
envelope containing paper tabs showing intervention (13) 
or control (16). Schools with the intervention and control 
programs were of sufficient geographical separation to 
minimize any chance of an intervention influence on 
control programs.   

 

Protocol  

Participants were part of the Lifestyle of our Kids (LOOK) 
study 10, where measurements other than those reported 
here were obtained from the cohort, and primary 

outcomes are clearly stated. There have been no post hoc 
changes in the overall trial methodology or any selective 
outcome reporting, and further details of the LOOK 
protocol can be examined within the LOOK website 
www.look.org.au. 
 

Participants and sample size 

The participants were all in apparent good health, parents 
or guardians indicating that there were no known reasons 
why the children could not participate in vigorous physical 
activity, although as expected there were absentees from 
school during our assessment periods mainly due to 
transient common infections.  The numbers of 
observations shown in Figure 1 and characteristics of the 
group at baseline are summarized in Table 1. The children 
resided in outer suburbs of a city of approximately 325,000 
at the commencement of the study, these suburbs being 
relatively homogeneous in terms of household incomes, 
the average income being very close to the average 
Australian household income, as indicated by the 
Australian Bureau of Statistics.  Approximately 90% of the 
children had one or both parents of Caucasian descent, 8% 
of Asian descent, 1% of Indigenous Australian or 
Polynesian descent, and we had no data on 1% of the 
families. 
 
With insufficient data to facilitate meaningful power 
calculations, the number of participants was maximized, 
but limited by two main factors. Firstly, by the numbers of 
classes able to be taught by three available specialist 
physical education teachers in 13 schools; secondly by the 
time required to conduct the assessments in each of the 
measurement periods, which we limited to one school 
term of approximately 10 weeks.  . 
 

The Intervention and Control programs 

A comparison of the intervention and control physical 
education programs was achieved using SOFIT (System of 
Observing Fitness Instruction Time), a method of recorded 
observation 11, questionnaires to teachers, and curriculum 
framework manuals from both the intervention program 
provider, the Bluearth Foundation9 and from the local 
education authority. Figure 1 indicates the timing of the 
intervention. Intervention and control teachers were all 
university trained primary school teachers. The 
intervention teachers had specialized in physical education 
with further professional development through the 
program provider, and were responsible only for the 
physical education of the students. The classroom teachers 
generally had received little training in physical education 
methodology and were responsible for teaching all aspects 
of the primary school curriculum. 
 
 

Main outcome measurements 

Height, weight, percent body fat using dual emission x-ray 
absorptiometry (DXA, Hologic Discovery QDR Series, 
Hologic Inc, Bedford, MA, USA), blood glucose and insulin 
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concentrations were measured as previously described 12. 
With the children having fasted overnight, and not having 
participated in any prior vigorous exercise, blood samples 
were collected before school in separation tubes and 
serum samples were mixed and allowed to clot for up to 
30 minutes prior to centrifugation. Samples were 
centrifuged for 10 minutes at 2850 rpm (Spintron GT-25P, 
Spintron Pty Ltd, Australia) and either immediately frozen 
in dry ice and stored at -80 deg C for subsequent analysis 
or taken to ACT Pathology, The Canberra Hospital for 
analysis. Care was taken to maximize consistency of 
laboratory handling of samples, procedures were carried 
out according to instrument manufacturers’ standards and 
biochemical analysis was performed within acceptable 
limits of internal quality control. Glucose concentration 
(GLU) was measured by hexokinase colorimetric 
methodology on the Architect Ci8200 (Abbott laboratories, 
IL 60064 USA). Insulin concentration (INS) was measured 
using microparticle enzyme immunoassay on the AXSYM 
(Abbott laboratories, IL 60064 USA).   
 
The homeostatic model of insulin resistance (HOMA-IR) 
was our surrogate of insulin resistance where HOMA-IR = 
[fasting insulin (mU/L) × fasting glucose (mmol/L)]/22.5; 
this measure having been validated for use with children 13 

14 and possessing sufficient reliability15.  
 
Cardiorespiratory fitness was measured using the 20m 
multistage run, a well-established field test with children 
16. The calculation of the physical activity index, 
approximating the square root of the average number of 
steps per day as determined by the 7-day pedometer 
records (Walk 4 Life, Plainfield, IL, USA) has been described 
in detail elsewhere17. In the final two years of elementary 
school, (grades 5 and 6), the children’s activity was also 
assessed using accelerometers (Actigraph GTIM, 
Pensacola, FL, USA). They were positioned on a belt 
around the waist in line with the right knee. Moderate 
physical activity (MPA)  was defined as activity recorded at 
between 2296 and 4012 counts per minute and vigorous 
physical activity (VPA) greater than 4012 counts per 
minute, based on recommendations18, and using an epoch 
length of 60 seconds. The first day’s data were discarded 
for both accelerometer and pedometers to minimize any 
potential reactivity. Days of accelerometer data were 
included if there were 10 or more hours of activity; an 
hour being considered invalid if there were more than 30 
zero counts in a row (30 minutes of non-wear time). The 
accelerometer data were confined to weekdays and data 
were analyzed using Meterplus software (San Diego State 
University in partnership with Actigraph, Pensacola, FL, 
USA).  
 
Pubertal development was a self-assessment of Tanner 
stages19 using diagrams based on those previously 
described 20.  In grade 4 the self-assessment occurred at 
home with guidance from parents, and in grade 6 the self-
assessment occurred in a hospital setting with guidance 
from an experienced teacher. Socioeconomic status of the 
suburbs in which the schools were situated was obtained 
from government records 21.   

To help offset any potential attrition-related bias, children 
were not subjected to skinfold testing or any other 
procedures that may have led to concern or 
embarrassment and consequent withdrawal from the 
project. Parents and children related the DXA scans to 
bone measures and derived measures of percent fat were 
not publicized among the children.  
 
This study was approved by the Australian Capital Territory 
(ACT) Health and Community Care Human Research Ethics 
Committee and the Ethics Committee at The Australian 
Institute of Sport in 2005. The specialist taught program 
was approved by the ACT Government Department of 
Education and Training as contributing to the 
requirements of the curriculum for sport and physical 
education. Written approval for the study was also 
obtained from the Department of Education and Training. 
Parental and child consents were obtained for all measures 
in this study, and children fully understood that their 
participation was entirely voluntary.  
 

Statistical methods  

A statistical model was formulated to study relationships 
at the between-child and between-school levels as well as 
at the within-child (temporal) level. The statistical model 
has the form set out below, with percent fat (%BF) as an 
example of an explanatory variable. 
 
HOMA-IR = constant + Group effect+ SES effect + %BFs+ 
School random effect + School.Grade random effect+ Sex 
effect + Sex.Group interaction + %BFc + Child random 
effect + Grade effect + Sex.Grade effect + Group.Grade 
effect + %BFw + possible interactions between fixed effects 
+ within-child random error   
 
The terms %BFs, %BFc and %BFw denote the vectors of 
variation at the school level, between-child and within-
child levels. The term Group refers to the intervention and 
control groups, the term Grade to the primary school 
grade and the term Grade.Group is the intervention effect, 
the change in HOMA-IR in the intervention group from 
grade to grade relative to the control group. 
 
The above model fits within the general framework of 
general linear mixed models 22. Statistical significance of an 
effect was assessed by calculating adjusted Wald statistics 
23. Where necessary, variables were scaled by square roots 
or natural logarithms to better meet linearity assumptions. 
General model checking procedures were routinely used to 
identify aberrant data and to check the model 
assumptions. Statistical computation was undertaken 
using the statistical package Genstat. 
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RESULTS 

Attrition 

Attrition or missed tests were due to children moving 
school or being absent from school (approximately 60%), 
failing to comply with test procedures such as returning 
consent forms or forgetting to fast (approximately 20%), or 
unwillingness to provide a blood sample or our inability to 
obtain a sample (approximately 20%). An analysis of data 
from children who withdrew from the study revealed no 
evidence of bias in regard to body composition or fitness. 
We have no reason to suspect that attrition had any 
impact on our conclusions.  
 

Comparison of the intervention and control programs 

The philosophy and practical elements of the intervention 
program are explained at the provider’s (Bluearth 
Foundation) website9. Relevant comparisons of 
intervention and control programs are summarized in 
Table 2. Intervention classes spent a greater proportion of 
time in moderate physical activity and fitness activities and 
there were distinct differences in the nature of fitness-
related activities as classified by SOFIT between the 
groups. SOFIT observations reported here did not include 
grade 6 data and may therefore vary slightly from analyses 
presented in the pedagogy section of this report. 
Conspicuous and contrasting features of the intervention 
physical education included its static and dynamic 
activities to develop balance and strength, and its variety 
of games and small group activities designed to encourage 
vigorous physical activity and maximal individual 

participation. The SOFIT observation indicated less 
variation in the allocation of class time to various 
categories of activities within the intervention program, 
suggesting a more consistent approach to lesson planning 
than in the control classes. The specialist intervention 
teachers, again in general contrast with general classroom 
teachers, participated in all the activities, with the 
intention of maximizing individual motivation. Fitness 
activities in the control group were based on traditional 
ball sports and associated practices, and often involved 
group run/walks with less attention to sustained individual 
engagement.  Discussion with the specialist intervention 
teachers and inspection of their logged lesson summaries 
revealed an increased emphasis on vigorous physical 
activity in grades 5 and 6 compared with grades 3 and 4, 
but there was no indication of any equivalent systematic 
plan in the control program. 
 

Characteristics of the participants 

There were no significant group differences in any of the 
baseline measures (Table 1) and no evidence of any group 
variation in pubertal development (Tanner stage) either in 
grade 4 or 6. Of interest, but bearing in mind the 
limitations of body mass index 24, are general 
classifications of overweight and obesity using this index 25. 
For the girls in grade 2, 25% of intervention and 23% of the 
control group were classified as overweight or obese, and 
in grade 6 the respective percentages were 22% and 23%. 
For the boys in grade 2, 19% of the intervention group and 
20% of the controls were classified as overweight or obese, 
and in grade 6 the respective percentages were 23% and 
29%.

 

Table 1 Comparison of the groups at baseline; means and standard errors 

           BOYS  2005, end of grade 2                              GIRLS 2005, end of grade 2 

 Intervention Control Intervention Control 

Age (yr) 8.0, 0.3 8.0, 0.3 8.0, 0.3 8.0, 0.3 

Height (cm) 130.5, 0.4 129.9, 0.4 128.4, 0.4 129.1, 0.4 

Body Mass Index (kg/m2) 16.9, 0.2 17.0, 0.2 17.2, 0,2 17.2, 0.2 

Weight (kg) 29.8, 0.4 29.0, 0.4 28.6, 0.4 28.8, 0.4 

Physical activity Index 
(√steps/day) 

108.5, 0.9 107.5, 0.9 96.2, 0.9 98.5, 0.9 

√cardiorespiratory  
fitness (run stages) 

2.0, 0.03 2.0, 0.03 1.8, 0.03 1.9, 0.03 

Percent fat 22.8, 0.5 22.5, 0.5 27.9, 0.5 28.0, 0.5 

Glucose (mM/L) 4.8, 1.0 4.6, 1.0 4.6, 1.0 4.6, 1.0 

Insulin (mU/L) 4.5, 1.0 4.4, 1.1 5.0, 1.1 5.4, 1.1 

HOMA-IR 0.96, 1.0 0.92, 1.0 1.0, 1.1 1.1, 1.0 
There were no significant differences between the intervention and control groups at baseline for any variable in either boys or girls. 
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Table 2  Median percentage of class time within intervention 
and control groups as determined by the System of Observing 
Fitness Instruction Time 

Characteristic Intervention Control    

Moderate physical activity a (%) 21.5 14.6 
   

Fitness activity b (%) 17.6 2.1     

Skills practices c (%) 12.1 10.6 
   

Teacher participation d (%) 25.7 6.3 
   

The number of class observations for each of intervention and control 
groups was 97. 
a Moderate physical activity is activity equivalent to the energy 
requirements in excess of normal walking; b cardiovascular endurance, 
strength, or flexibility activity; c ball or movement skill activities; d teacher 
demonstration or participation in class activities. Probabilities (p-values) 
apply to differences between mean logit percentage values following a 
formal linear mixed model analysis adjusting for random school effects.  

 
 

The physical education intervention effects 

Scaled to meet linearity assumptions, our response 
variable was the natural logarithm of HOMA-IR and our 
explanatory variables included, and adjustments made for, 
Tanner pubertal stage and body mass, as our model 
revealed an overall independent and positive relationships 
with HOMA-IR (p<0.001).   
 
With no group differences at baseline in grade 2, by grade 
6, average HOMA-IR of the boys in the intervention group 
was 14% (95% confidence interval -1%-31%) lower than 
the boys in the control group. The corresponding reduction 
in insulin resistance for the girls in the intervention was 9% 
(-5%-26%).  Whilst there was a general pattern of increase 
over the full four year period (boys p=0.06, girls p=0.13, 
boys and girls combined p= 0.07), this was brought about 
mainly by the effect over the final two years, in grade 5 
and 6 (boys p=0.02, girls p=0.08 and combined p=0.03).  
Figures 2a and 2b illustrate the time course of the changes 
in HOMA-IR over the four years. Finally, and as shown in 
Figures 3a and 3b, we provide a more clinical orientation 
to these data. By grade 6 the percentages of children with 
HOMA-IR greater or equal to 3, a suggested cut-off point 
for metabolic syndrome in 7-16 year-olds 26, was lower in 
the intervention group (boys 12%, girls 32% combined 
22%) than in control (boys 21%, girls 40%, combined 31%). 
The skewed nature of the HOMA-IR data set explains why 
these percentages are larger than the back-transformed 
data in Figures 2a and 2b might suggest.  
 
There was little evidence of any significant intervention 
effects over the four years for percent fat, cardio-

respiratory fitness, or in the physical activity index 
depicting the average number of steps per day (all p>0.2). 
However, in the boys, but not the girls, the accelerometer 
data, obtained in grades 5 and 6 for weekdays, supported 
the SOFIT observations that the intervention group 
participated in more moderate and vigorous physical 
activity than the control group. For MPA the intervention 
group boys were measured with an average of 41.7 
min/day compared with 35.7 min/day in the control group 
(p=0.02); their mean VPA also being higher, at 9.7 min/day 
compared with 8.4 min/day, although this was not 
statistically significant (p=0.3). Analysis on a day by day 
basis revealed that most of the increase in average daily 
MPA and VPA in the intervention group was accounted for 
by higher levels on the days the intervention classes were 
conducted. There were no significant differences between 
the intervention and control groups in MPA or VPA for the 
girls. 
 
Of particular interest was an unexpectedly large size of the 
School.Grade effect, which reflected an inherent variability 
of the change in insulin resistance occurring from school to 
school, and accordingly, a considerable variability within 
our control baseline. This in turn indicated a tendency for 
any intervention effect to be dampened or masked. 
Removal of the term School.Grade from our model 
resulted in a considerably increased significance (lower p 
values) of the intervention effect on insulin resistance.  
 

Relationships with insulin resistance  

Following adjustment for pubertal stage and body weight, 
change in insulin resistance was associated with change in 
the logarithm of percent fat in the girls (β=0.51, SE 0.25, 
p=0.04) but there was no relationship with change in the 
physical activity index, nor any relationship at the 
between-child (cross-sectional) level (both p=0.8). In the 
boys, change in insulin resistance was associated mainly 
with change in physical activity index (β=-0.007, SE 0.003, 
p=0.04); coupled with evidence of a relationship with 
percent fat when taking into account the between-child 
(cross-sectional) relationship (β=0.2, SE 0.11, p=0.04), as 
well as the within child relationship (β=0.27, SE 0.20, 
p=0.18). However, strong evidence of a mediation effect 
for any variable occurs only if introduction of that variable 
into our model explaining HOMA-IR clearly reduces the 
significance of the Grade.Group interaction (the 
intervention effect). The only reduction of interest 
occurred with percent fat in the girls where the p-value 
changed from 0.05 to 0.125, but this was considered 
insufficient evidence to infer a mediation role.  
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Figure 2a    

Changes in the insulin resistance for boys in the intervention 
and the control programs.  

The values represented are the back-transformed means of the 
logarithm of HOMA-IR with their 95% confidence intervals, 
adjusted for pubertal assessment, percent fat and the logarithm 
of body weight. 

 

Figure 2b    

Changes in insulin resistance for girls in the intervention and 
the control programs.  

The values represented are the back-transformed means of 
the logarithm of HOMA-IR with their 95% confidence intervals, 
adjusted for pubertal assessment, percent fat and the 
logarithm of body weight. 

 

 

Figure 3a   

The percentages of boys in the physical education intervention 
and the control program with HOMA-IR values greater than 3, 
with 95% confidence intervals. 

 

 

Figure 3b   

The percentages of girls in the physical education intervention 
and the control program with HOMA-IR values greater than 3, 
with 95% confidence intervals. 

 

 

DISCUSSION 

The novel finding is that, even when compared with 
physical education conducted by general classroom 
teachers, physical education conducted twice weekly by 
specialist physical educators through grades 3 to 6 of 

primary school  attenuated age-related increases in insulin 
resistance. This effect was stronger in the boys than girls 
and one that emerged mainly over the final two years. 
Confidence in this effect was enhanced by our finding that 
with no differences at baseline, 31% of the control group 
compared with 22% of the intervention group were 
measured with HOMA-IR values greater than 3, the 
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suggested cut-off point contributing to risk of metabolic 
syndrome 26.  
 
That the intervention effect on insulin resistance was 
measured relative to the currently practiced physical 
education conducted by classroom teachers rather than 
relative to an inactive control group prompts two 
comments. Firstly, there was the inherent tendency for 
any intervention effect to be dampened, not only because 
the control group itself involved physical education, but 
also because of its inherent variability, providing added 
confidence in the effect. Secondly, it reflects the 
importance of specialist physical education training for 
teachers, the importance of an appropriately designed 
physical education program, or both. 
 

Mediation of the intervention effect 

As to what aspects of the intervention might have been 
influential in modifying insulin resistance, percent fat was 
the prime candidate in the girls, given the positive 
relationship between change in insulin resistance and 
change in the girls’ percent fat. For the boys, physical 
activity was the most likely mediator, given the negative 
and significant relationship between change in insulin 
resistance and change in physical activity.  Moreover, 
during the final two years the intervention group boys 
were measured with about 17% percent greater MPA, this 
objective measure being consistent with the SOFIT 
observation data showing that intervention classes 
incorporated more MPA than control classes (Table 2). 
However, despite this supportive evidence for %BF and 
physical activity as the mediators for girls and boys 
respectively, and that both variables are well known to 
influence insulin resistance, our current data preclude us 
from confirming these as the mediators. As mentioned 
above, confirmation requires that introduction of these 
variables into the model describing HOMA-IR reduces the 
significance of the intervention effect (Group.Grade in our 
model), and this did not occur to any sufficiently 
convincing degree. Confirmation of which aspects of a 
physical education intervention benefit insulin resistance 
would be an interesting focus of future investigation. Our 
data suggest that this may require greater measurement 
precision in either or both of physical activity and insulin 
resistance.   
 
As alluded to in an editorial 27, the extent to which 
purported risk factors in childhood predict chronic disease 
in adults is not well resolved. However, work with the Pima 
Indians 1 has indicated that glucose tolerance and obesity 
at youth are predictive of Type 2 diabetes in adulthood. 
These results are now more likely than ever to be 
applicable to other populations, given the high incidence 
of this disease in many parts of the world. The current 
study suggests that a substantial proportion of the cohort 
of typical Australian children may benefit from early 
strategies to attenuate the increase in insulin resistance. 
By grade 6, 22% of the boys and 31% of the girls had 
HOMA-IR values greater than the previously cited cut-off 
value of 3, and there is evidence of tracking in both 

glucose and insulin during the teenage years2 28 29 and into 
adulthood 30. Furthermore the current data revealed 
strong relationships between HOMA-IR and percent fat, 
and body mass index classifications indicated that more 
than a quarter of this Australian cohort was overweight or 
obese. It has been reported that overweight 5 year-olds 31 
and 11 year-olds 32  are at increased risk of developing 
diabetes in adulthood. So, considering again the global 
epidemic of Type 2 diabetes in adults, the weight of 
evidence suggests that even in our cohort of asymptomatic 
children with access to good food, fresh air and exercise, 
many are likely to be at increased risk of developing Type 2 
diabetes in later life.   
 

Strengths and limitations of this study 

A strong aspect of this work was the statistical model and 
control group, which not only allowed us to account for 
measurement bias, but also for potentially confounding 
variables, especially those associated with child growth 
and development. On the other hand, a control group 
incorporating currently practiced physical education and 
school to school variability might also be considered a 
weakness, but as such would only have lead to dampened, 
not exaggerated outcomes. A further strength of the study 
was the objective nature of the measurement (as distinct 
from use of surrogates or questionnaires) of the key 
explanatory variables percent fat, physical activity, and 
cardiorespiratory fitness to accompany the blood assays in 
our hospital laboratory. However, the use of pedometers 
during the entirety of this study (with accelerometers only 
in the final two years) might be considered a relative 
weakness given the inability of pedometers to differentiate 
intensity of PA. Furthermore, whilst the Tanner stage 
method of assessing pubertal development is widely 
utilized in children, a weakness was its reliance on self-
assessment and a further weakness in our work was the 
reduced compliance to this test when parents were given 
responsibility to oversee it in grade 4. Compliance to the 
Tanner stage self-assessment procedure was 100% in 
grade 6 when the procedure was carried out at the 
hospital venue, supervised by a research team member 
who was also an experience teacher. Finally, a very strong 
point of this investigation was the consistent delivery of 
the intervention itself by the visiting specialist teachers. 
The intervention program’s acceptability by teachers and 
principals was noticeably enhanced by a built-in 
concurrent professional development program for the 
classroom teachers.  
 

CONCLUSION 

Well-planned physical education, such as that provided by 
the Bluearth Foundation, can attenuate the progressive 
increase in insulin resistance in children between 8 and 12 
years of age, especially in the final two years, with effects 
more apparent in boys than girls. Reduction in percent fat, 
but not physical activity, was associated with improved 
insulin resistance in girls whilst physical activity was the 
main significant explanator in the boys. Given that more 
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than 25% of children in this non-selected cohort already 
had HOMA-IR values considered to represent a health risk, 
and that increased insulin resistance in childhood is likely 
to increase the risk of developing Type 2 diabetes in later 
life, appropriately delivered physical education offers an 
early preventative medical opportunity for all children. 
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What is known on this topic 

• Increased insulin resistance in preadolescent children 
increases the risk of Type 2 diabetes in later life.   

• Increased insulin resistance in pre-adolescent children 
has been associated with decreased physical activity 
and increased body fat in cross-sectional studies.  

What this study adds 

• Insulin resistance increases between the ages of 8 and 
12 years in non-selected Australian children. 

• This increase in insulin resistance is greater in girls who 
accumulate more body fat, and greater in boys who 
become less physically active.   

• Physical education provided by the Bluearth visiting 
specialist teachers in primary school can attenuate 
increases in insulin resistance, especially between the 
ages of 10 and 12 years.   

• Primary school physical education offers a form of 
preventative medicine available to all children.  
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ABSTRACT 

 
Background:  The pattern of change in insulin resistance 
(IR) with age and gender through preadolescence in not 
clear, as there are few longitudinal studies during this 
period. Whilst relationships have been demonstrated 
between IR, fitness, physical activity and adiposity in 
children there are little longitudinally acquired data 
investigating temporal relationships. We aimed, therefore, 
to compare gender and age-related changes in IR and 
determine the extent of any temporal relationships 
between IR and physical activity, physical fitness and % 
body fat (%BF).   
 
Main outcome measures 370 boys and 345 girls were 
assessed at age 8.1 years (s.d. 0.35) and again two and 
four years later, for fasting blood glucose and insulin, DXA-
assessed %BF, pedometer-assessed physical activity (PA), 
and cardiorespiratory fitness (CRF) by multistage shuttle 
test.  
 
Results:  Median HOMA-IR was 7% greater in girls than 
boys at average age 8 years, 29% greater at age 10 years, 
and 49 % greater at age 12. With adjustments for body 
weight and pubertal rating, there were significant 
longitudinal relationships between HOMA-IR and PA in 
boys (with additional adjustment for %BF, p=0.04) but not 
girls and between IR and %BF in the girls (with additional 
adjustments for PA, p=0.04) but not boys. There were 
between-child but not within-child relationships between 
HOMA-IR and CRF in both boys (p=0.04) and girls (p=0.03). 
 
Conclusions: HOMA-IR increased between 8 and 12 years 
of age in both boys and girls but to a greater extent in the 
girls, especially over the final two years; and there is 

evidence of metabolic dysfunction in many of the 12 yr-
olds.  Lower CRF accompanies higher IR across the cohort, 
but within-child relationships indicate that reducing %BF is 
most likely to bring about improvements in IR in the girls; 
and increasing PA is likely to be most effective in the boys.   

 

Number of measurements 

 
Measurements Boys Girls 

    

 Blood insulin and glucose 370 345 

Grade 2 
(2005) 

DXA 
Physical Activity 

366 341 

Puberty Assessment NM NM 

Nutrition (Grade 3) 182 190 

    

Grade 4 
(2007) 

Blood insulin and glucose 280 282 

DXA 
Physical Activity 

277 281 

Puberty Assessment 161 173 

Nutrition NM NM 

    

Grade 6 
(2009) 

Blood insulin and glucose 229 240 

DXA 
Physical Activity 

299 239 

Puberty Assessment 211 222 

Nutrition  108 115 
    

NM= Not measured 

 

INTRODUCTION 

 
Relationships between our physiology, environment and 
behaviour may lead to insights into preventive medicine. 
Insulin resistance (IR) is a physiological characteristic 
closely associated with control of blood glucose and fat, 
and therefore critical to our health, so understanding 
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methods by which we can manage IR is important. Physical 
activity (PA), cardiorespiratory fitness (CRF) and nutritional 
intake, each of which is associated with obesity, are 
lifestyle-related factors known to be associated with IR and 
risk of Type 2 diabetes in adults.  
 
Less is known about these relationships in children, and 
there are few longitudinal studies in children outlining 
normal development of IR. Cross-sectional studies of 
relationships between children have been reported, but as 
we have argued previously1, longitudinal data are not only 
likely to be more informative, but may lead to conclusions 
at variance with the analysis of data collected cross-
sectionally. Longitudinally acquired data has added value 
not only for the more immediate health of children, but for 
understanding how childhood lifestyle factors and health 
relates to adulthood health. For example declining fitness 
from childhood through to adulthood has been linked with 
increase in obesity and IR in adulthood2.  
 
Recently, Tomkins et al3 have reviewed the literature to 
point out that physical activity without weight loss can 
improve insulin resistance, and that it may be beneficial to 
emphasize PA and de-emphasize obesity in relation to 
control and treatment of Type 2 diabetes in children at 
risk, even obese children. Considering our previous finding 
of within-child relationships between IR and PA but not 
with obesity in 8-10 year-old boys1, it was of interest to 
investigate the relationships between IR with PA and 
adiposity as the children approached adolescence. 
 
The primary objective of this longitudinal study was to 
investigate within-child relationships of insulin resistance 
with physical activity, body fat, and macronutrient intake. 
In so doing insight may be gained into which 
characteristics offer the best prospect for affecting 
improvements in insulin resistance in pre-adolescent 
children, and in particular whether these characteristics 
are the same in boys and girls.  
 

METHODS 

 

Measurements 

 
Height was measured by a portable stadiometer to the 
nearest 0.001 m and body mass by portable electronic 
scales to the nearest 0.05 kg. As previously described 
(Telford et al Pediatric Diabetes 2009) body composition 
was measured using dual energy x-ray absorptiometry 
(DXA, Hologic Discovery QDR Series, Hologic Inc., Bedford, 
MA, USA and QDR Hologic Software Version 12.4:7) was 
used to generate fat mass from which %BF was calculated.  
 
The 20 meter multistage shuttle test was used to estimate 
CRF, being well-established as a field test with children.4  
The children wore pedometers on their hip for seven 
consecutive days, the first day’s measurements being 

ignored on the premise that the novelty of wearing the 
pedometers may influence the initial activity of our 8 year-
olds. The pedometers were Walk 4 Life (Plainfield, IL USA) 
sealed pedometers, recommended for use with children 5.  
 
A PA index calculated as previously reported.6 For the DXA 
measurements, the same technician was involved for 
every measurement in both grades 3 and 5, and the same 
scientist was involved in every PA and fitness 
measurement, supervising a small team of technicians.  
 
Fasting blood samples were collected before school in 
separation tubes and serum samples were mixed and 
allowed to clot for up to 30 minutes prior to 
centrifugation.  Samples were centrifuged for 10 minutes 
at 2850 rpm (Spintron GT-25P, Spintron Pty Ltd, Australia) 
and either immediately frozen in dry ice and stored at  
-80°C for subsequent analysis or taken to ACT Pathology, 
The Canberra Hospital for analysis. Care was taken to 
maximise consistency of laboratory handling of samples, 
procedures were carried out according to instrument 
manufacturers’ standards and biochemical analysis was 
performed within acceptable limits of internal quality 
control.  Glucose concentration (GLU) was measured by 
hexokinase colorimetric methodology on the Architect 
Ci8200 (Abbott laboratories, IL 60064 USA).  Insulin 
concentration (INS) was measured using microparticle 
enzyme immunoassay on the AXSYM (Abbott laboratories, 
IL 60064 USA).   
 
Our marker of choice (primary outcome) was the 
homeostatic model of insulin resistance, HOMA-IR, 7 
where HOMA-IR = {fasting INS (mU/L) x fasting GLU 
(mmol/L)}/22.5. Whilst insulin sensitivity may be a more 
appropriate term in asymptomatic children, HOMA-IR is 
validated for use with children 8-9 and consistent with 
recent publications in children 10-12. 
 
In grade 3, the food and macronutrient intakes were 
examined using a weighed one-day dietary record based 
on previously described methods 13. With the assistance of 
parents and teachers, children were required to record all 
foods, beverages, and supplements over a 24-hour period.  
Detailed instructions, pictures and examples were 
provided and the participants used measuring cups and 
spoons to assist in providing estimates of weighed 
measures. Parents or guardians were asked to complete 
the record for all meals and complete a school lunch form 
recording the foods and amounts the children were taking 
to school or ordering from the canteen. Teachers helped 
the children fill in their dietary records for recess and lunch 
while the children ate in the classroom on the collection 
day. The children brought their records back into the 
classroom the following day at which time a trained 
nutritionist reviewed the records. In the case of any 
discrepancies, the nutritionist interviewed the participants 
for further details.  
 
In grade 6, this method was extended to a modified 
version from Kids Eat Kids Play 2007 (National Children 
Nutrition Survey of Australia 2007)14. In collaboration with 
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the Australian Commonwealth Scientific and Research 
Organisation (CSIRO), the methodology chosen for data 
collection, including the “five pass method” was a revision 
based on the methodology adopted by the 2007 Australian 
National Children’s Nutrition and Physical Activity Survey14.  
A structured protocol was followed during the 24-hour 
recall interview and standard probes were used to 
consistently encourage parents and children to remember 
their food and fluid intake and provide the interviewer 
with specific details of what they consumed. Parents and 
children were interviewed over the phone to establish two 
days of dietary recalls (24-hour food recalls for one school 
day and one non-school day). The five pass method was 
used for each interview. This consisted of an initial 
“quicklist” of foods consumed within the 24 hours, 
followed by verbal probes to capture any “forgotten 
foods” or supplements, timing of the food intake and more 
specific detail with regard to quantities. Finally, to assist 
the data entry process, another phone interview was 
conducted with parent and child. During the interview 
food and beverage intake was entered directly into a 
laptop for analysis later on FoodWorks Professional TM 
software system (version 2007, Xyris, Brisbane 
Queensland). To assist with estimation of portion sizes, 
participants were given a ‘food model booklet’ provided by 
CSIRO to aid in the interview process. The booklets 
included actual-size drawings suitable for measuring foods 
and were used by the interviewer and both parent and 
child to verify quantities. Interviewers were trained by two 
experienced nutritionists familiar with the interview 
process using the interview protocol developed for the 
LOOK survey. The interviews, performed within 1 to 3 
weeks of each other took 30-45 minutes in duration.  
 
Pubertal development was a self-assessment of Tanner 
stages15 using diagrams based on those previously 
described16 and assisted by a research technician who was 
also an experienced teacher. 
 
Socioeconomic status of the suburbs in which the schools 
were located was obtained from government records17. 
 
Measurements of fitness, physical activity and blood 
collections were completed over 12-wk periods beginning 
in October of 2005, 2007 and 2009. About 95% of the DXA 
measures were also completed at these stages but some 
missed appointments were rescheduled after this period. 
Nutritional surveys were obtained twice; the majority of 
interviews conducted in 2006 and 2009.  
 

Statistical methods 

 
The following description is of a statistical model designed 
to determine relationships at the between child and 
between-school levels but also at the within-child level. 
The current study reports on the between-child and 
between-school relationships, but because another aspect 
of the Lifestyle of our Kids (LOOK) study involved a physical 
education intervention over successive years, we must 

account for any potential effect of this on our between-
child analysis.  
 
Our data are multi-level and the response variables 
representing insulin resistance vary at three levels; 
between-school, between-child (within a school), and 
within-child. The same applies to the candidate 
explanatory variables representing PA, CRF and %BF. Other 
candidate explanatory variables such as our measure of 
SES vary only at the school level.   
 
To distinguish these effects we undertook two analyses – 
one for the average between-child response (using each of 
the two years) and one for the change in response in each 
individual over the two years.  Our statistical model takes 
the form 
 
Insulin Resistance HOMA-IR = constant + Group effect+ SES 
effect + PAs 

+ school random effect + Sex effect + 
Sex.Group interaction + PAc + child random effect + Year 
effect + Sex.Year effect + Group.Year effect + PAw + 
possible interactions between fixed effects + within-child 
random error 
 
where PAs denotes the vector of PA means for each school 
which varies only at the school level; PAc is the vector of 
differences between each child PA mean and the school  
mean, which varies only at the child level; and PAw is the 
vector of differences between repeat observations and the 
relevant child PA mean, which varies only at the 
observation level.   
 
 PAw + PAc + PAs represent the totality of components of 
the original vector of PA.  
 
The default correlation (dependence) patterns are known 
as the uniform model. However when there are more than 
2 repeat observations per child this framework can be 
extended to allow for alternative correlation model such as 
one where the correlation  between observations within a 
child depends on the number of years between 
observation.  
 
Similar models to the one above apply when PA is replaced 
by the other explanatory variables CRF and %BF. Our mean 
or fixed effect model can be readily extended and 
interpreted within this framework. With PA as the example 
variable, as in the equation above, the current paper is 
concerned directly with PAC and PAs, the relationships at 
the child and the school level. 
 
The above model fits within the general framework of 
general linear mixed models18. Restricted maximum 
likelihood is used to estimate variance components and 
weighted least squares for estimating fixed effects. 
Statistical significance of effects was assessed by 
calculating adjusted Wald statistics19. Explanatory variables 
PA and CRF were scaled by square roots to better meet 
linearity assumptions.  
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General model checking procedures were routinely used to 
identify aberrant data and to check the model assumptions 
This study in its entirety was approved by the Australian 
Capital Territory Health and Community Care Human 
Research Ethics Committee. 
 

RESULTS  

 
Table 1 shows the changes in raw values measured in each 
of the testing phases at the end of grades 2, 4, and 6 of 
primary school.  Figure 2 illustrates the changes in IR by 
gender and grade. 
 

Table 1 Median and percentiles of the Index of  Insulin 
Resistance (IR) 

 
 

N 5% Median 95% 

     

Grade 2 
    

F 345 0.49 1.04 2.63 
M 370 0.37 0.97 2.10 
     
Grade 4     
F 282 0.64 1.64 4.04 
M 280 0.58 1.27 3.34 
          
Grade 6     
F 240 1.20 2.67 6.45 
M 

229 0.87 1.79 4.33 

 
 
Table 2 presents the relationships between IR and the 
explanatory variables. Body weight was a highly significant 
covariant of IR for boys and girls, both at the between-
child and within-child levels (all p<0.001), so body weight 
was included in the model for each analysis. For reasons 
outlined in the discussion we also calculated the 
relationship between IR and lean body mass combining 
boys and girls and combining between and within-child 
analyses, a relationship which was significant (β=0.47,s.e. 
0.14 with p<0.001). Other adjustments were made for 
gender, grade, socioeconomic status, intervention or 
control group and pubertal rating. The relationship 
between IR and body weight was sustained, even after 
adjusting for %BF (p<0.001). 
 
The relationships between IR and ln%BF differed with 
gender. The within-girls (but not between-girls) 
relationship, between IR and ln%BF was significant 
(p=0.04). The reverse was evident in the boys, where the 
between-boys, but not within-boys association was 
significant (p=0.04). These relationships are illustrated in 
Figures 3a and 3b. 
 

 
 

Figure 2 Unadjusted values of HOMA-IR by grade and gender  

 
 
 
For relationships between IR and PA, there was nothing of 
statistical significance in the girls but in the boys there was 
evidence of significant association at both the between-
boys and within-boys levels (p=0.06 and 0.04 respectively). 
For relationships between IR and square root of CRF, there 
were no within-child relationships of statistical 
significance, but there were significant between-child 
relationships in both boys and girls (p=0.04 and 0.03 
respectively).  
 
For the macronutrient intake, there was some evidence of 
an overall negative relationship between IR and sugar 
consumption in the girls but no evidence of any 
relationship in the boys.  
 
It was of interest to characterize our cohort in terms of the 
widely used and readily comparable general body mass 
index (BMI) classifications of overweight and obesity20.  For 
the girls in grade 2, 25% of intervention and 23% of the 
control group were classified as overweight or obese, and 
in grade 6 the respective percentages were 22% and 23%. 
For the boys in grade 2, 19% of the intervention group and 
20% of the controls were classified as overweight or obese, 
and in grade 6 the respective percentages were 23% and 
29%. 
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Figure 3a  The relationships between insulin resistance and 
percent body fat in the boys. The circles represent individual 
boys and the line passing through each circle represents the 
mean within-child variation. The solid line is the relationship 
overall, incorporating both the between- and within-child data. 
The slopes (β values) and their standard errors are also shown. 

 

 
 

Figure 3b The relationships between insulin resistance and 
percent body fat in the girls. The circles represent individual 
boys and the line passing through each circle represents the 
mean within-child variation. The solid line is the relationship 
overall, incorporating both the between- and within-child data. 
The slopes (β values) and their standard errors are also shown. 

 
 

 

DISCUSSION 

This is one of few longitudinal investigations of how IR 
changes relative to %BF, PA, CRF, energy and 
macronutrient intake in free-living non-selected children, 
and to our knowledge it is the first to involve objective 
measures of each variable. 
 
Perhaps the most interesting outcome over the four years 
was that improved IR within a child over time coincided 
with a relative reduction in %BF in the girls and mainly 
with increased PA in the boys. These findings over four 
years extend on those of our previous publication1 
involving the same cohort observed during the first two 
years, where we did not detect any within-child 
relationships between IR and %BF in the girls although we 
did find significant within-child relationships between IR 
and PA in the boys. Our suggestion at that stage, that 
within-child relationships with %BF may emerge as 
children move toward adolescence, turned out to be the 
case in the girls. This coincided with greater increases in 
both of %BF and IR over the last two years, along with 
their advanced pubertal development. 
  
The lack of evidence of any positive relationships between 
IR and energy or macronutrient intake was accentuated in 
that beta values (slopes) were negative, except for fat 
intake in the girls. In other words IR actually tended to 
decrease with increasing energy and macronutrient level. 
Whilst this may appear counterintuitive, it is consistent 
with a separate report in this same cohort, where %BF was 
the response (outcome) variable in question. Boys with 
higher %BF were less active, explaining how lower energy 
consumption might coincide with higher adiposity.   
 
 
There seem to have been few reports of relationships 
between IR and diet, especially those involving 
longitudinally acquired data. One study, using a 24hr recall 
method similar to the one we used in our 8 yr-olds, carried 
out a between-child analysis of 651 8-10 yr-old Danish 
children. They reported some trends toward increased 
sugar and decreased fibre consumption in girls but not in 
boys; although in following up 233 of these children 6 
years later there was no evidence of any within-child 
associations 21. The latter workers suggested that the 
instrument of nutritional measurement might not have 
been appropriate and that more observations may have 
been needed to gain a clearer picture. However, increasing 
the number of observations in a child does not necessarily 
improve accuracy of assessing relationships;  workers in 
one study observed22, a single 24 h recall interview 
produced results comparable with repeated interviews. 
Nevertheless, we cannot preclude the possibility that the 
instrument used to measure dietary characteristics was 
sufficiently sensitive to detect relationships with IR, 
although it was sufficiently sensitive to detect relationships 
with %BF as described in the 'The Development of 
Adiposity' chapter. 
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TABLE  2  The relationships between the  response variable lnHOMA-IR  and nominated candidate explanatory variables . 
Adjustments were made for gender, Grade, SES, intervention group, pubertal rating and lnWt. For relationship with lnWt all 
other variables were ignored.   
 Boys  Girls  

 β (se) p β (se) p 

ln%BF 0.213 (0.097) 0.03 0.204 (0.122) 0.10 
ln%BFc 0.226 (0.111) 0.04 0.176 (0.132) 0.18 
ln%BFw 0.267 (0.197) 0.18 0.513 (0.251) 0.04 
     
PA -0.004 (0.002) 0.012 -0.0002 (0.002) 0.90 
PAc -0.004 (0.002) 0.059 0.0005 (0.003) 0.80 
PAw -0.007 (0.003) 0.039 0.0005 (0.003) 0.85 

     

√CRF -0.11(0.053) 0.049 -0.148 (0.059) 0.01 
√CRFc -0.13 (0.062) 0.041 -0.157 (0.072) 0.03 
√CRFw -0.06 (0.088) 0.51 -0.118 (0.094) 0.21 
     

Tanner Score Grade 6  0.014(0.018) 0.45 0.189 (0.186) 0.31 

Tanner Score Grade 4 0.019 (0.035) 0.59 0.061 (0.029) 0.04 

FAT -0.046 (0.057) 0.42 0.081 (0.052) 0.12 

SUG -0.046 (0.064) 0.47 -0.089 (0.048) 0.07 
EN -0.016 (0.092) 0.86 -0.027 (0.068) 0.70 
     
lnWt 1.03 (0.112) <0.001 1.102 (0.098) <0.001 
lnWtc 0.982 (0.116) <0.001 1.107(0.100) <0.001 
lnWtw 1.51 (0.219) <0.001 1.646 (0.211) <0.001 
     
 
 
 
A salient feature of the relationships to emerge in this 
study was the strong association between IR and body 
weight in both boys and girls. Weight is related to many of 
the characteristics investigated throughout the LOOK study 
and probably mainly reflecting the impact of general 
growth and development of the child. To gain a clearer 
idea of the relationship between any response variable, 
and in this case it is IR, it is therefore important to adjust 
for body weight to avoid its potentially confounding 
influence. For example, we investigate the relationship 
between IR and %BF having adjusted for body weight, 
allowing us to tease out the relationship of adiposity 
independent of body weight per se. Another way to think 
of this is that we are in effect measuring the relationship 
between IR and %BF in children scaled to the same body 
weight. 
 
That body weight remains significant and strongly positive 
after adjusting for %BF infers that lean body mass is 
associated positively with IR which was confirmed directly 
(data not shown). So, given that increased muscle mass 
coincided with increased IR, it is likely to be the use of this 
muscle, as indicated by CRF and PA that affords benefit to 
IR in children. This is consistent with the associations 
between IR and (the logarithm of) CRF at the between-
child level in both boys and girls, but there was little 
evidence of any within-child relationships, i.e. that 

changing CRF in an individual influenced IR during these 
pre-adolescent years.  
 
Some discussion of interpretation of between and within-
child relationships is germane. For example how do we 
interpret a significant between-child relationship between 
IR and CRF when there is no evidence of longitudinal 
relationships?  Whilst relationships observed do not infer 
causation, the underlying reason to investigate 
relationships is certainly to mount evidence with which 
causal inferences may be strengthened. Between-child 
relationships might be considered as providing some 
evidence of a causal link. Within-child relationships might 
be considered to provide stronger evidence, the more 
homogeneous nature of the intra-individual data, in 
removing genetic and much of the environmental variation 
that exists between children should afford a higher level 
inferential potential. However, in our LOOK study design,  
it is likely that associations across the cohort will be easier 
to find than temporally within individuals, firstly because 
there are about three times as many observations 
between children (made at each grade) and secondly 
because of the greater variation between than within 
children.  
 
Considering age related changes in IR in preadolescence, 
we have reported previously1 that IR increased between 
the ages of 8 and 10, whilst in the Early Bird cohort in 
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England HOMA-IR decreased between 5 and 7 years of 
age10, 23.  On the assumption that both findings were 
representative of children living in developed countries, 
we suggested that any initial trend toward decreased IR 
between 5 and 7 years of age may be reversed by the age 
of 8. We added that IR might continue to increase in both 
boys and girls through to age 12. Our current LOOK results 
indicate that an increase in IR does continue through to 
end of grade 6 at average age 12 years. As shown in Fig 2, 
there is a relative acceleration of IR in the girls between 
grades 4 and 6, this probably a reflecting their earlier 
transition through pubertal development. In any case, the 
girls are clearly more insulin resistant by the age of 12, 
median values of HOMA-IR being 2.7 in the girls compared 
with 1.8 in the boys.  
 
By grade 6, 22% of the boys and 31% of the girls had 
HOMA-IR values greater than the previously cited cut-off 
value of 3, above which it has been suggested there is  
increased risk of metabolic syndrome is indicated24. This in 
turn suggests that many of the boys and girls in this 
Australian cohort may be at risk of metabolic dysfunction 
in coming years should their HOMA-IR continue to 
increase. The suggestion to de-emphasize adiposity and 
concentrate more on PA in treating increased IR in children 
does appear sensible as PA offers many benefits to 
physical and psychological health not offered by restriction 
of energy intake. On the other hand, in terms of 
moderation of IR in young children, our evidence is that fat 
loss per se, especially in the girls, makes a valuable 
independent contribution to moderating IR and should be 
an important consideration in any treatment strategy. 
 

CONCLUSION 

In conclusion, whilst attention to each of %BF, PA and 
nutrition are intimately related and each clearly beneficial 
to health, clinicians with the task of improving IR in 
preadolescent children might achieve most success in this 
age group by assuring that %BF is modified in girls and PA 
is modified in boys.  
 

What is known on this topic 

• Between child relationships between insulin resistance 
with fitness and physical activity, and negative 
relationship between insulin resistance and adiposity 
suggest importance of these factors in controlling the 
advance of insulin resistance in children.  

• Little is known about the changes and timing of insulin 
resistance with age within pre-adolescent children and 
how this differs in boys and girls  

• Little is known as to how dietary intake affects insulin 
resistance in pre-adolescent children, particularly after 
controlling for objective measures of physical activity 
and fitness 

• Insulin resistance seems to be reduced in children 
between the ages of 5 and 7 but begin to increase 
again at age 8  
 

What this study adds 

• Change in insulin resistance in a girl over time is 
associated with change in adiposity rather than fitness 
or physical activity, whereas in a boy changes in insulin 
resistance are more closely related to change in fitness 
and physical activity than their adiposity variation.   

• Insulin resistance is very strongly related to body 
weight, independently of adiposity and pubertal 
development, both from a between-child (population) 
as well as within-child (temporal) point of view.   

• We provide little evidence of any relationship between 
insulin resistance and dietary energy intake or 
macronutrient intake in pre-adolescent boys and girls 

• Insulin resistance increases between the age of 8 and 
12 years in both boys and girls, increasing at a greater 
rate in girls as they get older, coinciding with their 
increased pubertal development. 
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ABSTRACT 

Background: Exercise is known to enhance bone mineral 
accrual during growth. The mechanisms underlying the 
improvement in bone strength are still unclear due to the 
lack of long-term studies using three-dimensional imaging 
techniques that can assess both bone structure and bone 
material properties. 
 
Objective: To determine whether specialist-taught physical 
education in primary school can improve bone strength. 
 
Participants: 363 boys and 365 girls initially in grade 2 at 
age 8.0 (SD 0.3) years within 29 government-funded 
primary schools.  
 
Setting: The Australian LOOK longitudinal study 
 
Intervention: All children usually received 150 min/week 
of physical education from general classroom teachers. In 
13 schools, 100 min/week was replaced by an intervention 
from specialist physical educators. The remaining 16 
schools formed the control group.  
 
Main outcome measures:  Estimates of bone structure, 
density and strength and muscle cross-sectional area in the 
forearm and lower leg, bone mineral content (BMC) and 
lean tissue mass and percent body fat of the whole body, 
physical activity, cardiorespiratory fitness, lower limb 
muscle power (vertical jump) and pubertal development, 
were measured in grades 2, 4, and 6. 
  
Results:  Relative to the control group, the increase in 
cortical area in the shaft of the peripheral skeleton (radius, 
tibia) over four years was greater in the intervention group 
(mid-radius +9.6%, p<0.05, mid-tibia +5.0%, p<0.08), with 
the relative increase being most apparent in the last two 
years. This did not translate into a greater increase in bone 
strength at these skeletal sites in the intervention groups. 
In both girls and the boys, muscle cross-sectional area 
(muscle CSA) was found to be the only significant 
determinant of bone strength at the distal (4%) and mid 
(66%) radius (and the 4% tibia in the boys) in the fully 
adjusted multivariate model. Indicators of fitness 

(cardiorespiratory fitness, explosive power) were also 
associated with greater bone strength but the 
relationships were sex- and site-specific. 
 
Conclusions: Well-planned physical education was found 
to improve some but not all determinants of bone strength 
in children between 8 and 12 years of age, especially in the 
final two years. Muscle cross-sectional area and indicators 
of fitness (cardiorespiratory fitness and explosive power) 
were significant predictors of bone strength at specific 
sites of the skeleton. These findings support the promotion 
of general physical activity for the improvement of bone 
health and the prevention of osteoporosis later in life. 

INTRODUCTION 

Exercise has long been shown to enhance bone mineral 
accrual during growth. In young female gymnasts, areal 
bone mineral density (BMD) has been shown to increase 
30 to 85% more rapidly than in sedentary children 1. Young 
tennis players display marked side-to-side difference in 
bone mass (10-15%) in comparison to age-matched 
controls (less than 5%) 2, 3. The data in elite athletes 
provide us with a model of what is possible rather than 
probable in physically active children. Controlled trials in 
normally active children have shown that exercise 
interventions are associated with much lower skeletal 
benefits 4. The mean increases in bone parameters 
averaged over six months reach 1 to 5% in prepubertal and 
early pubertal children (Tanner stage 1 to 3), and less than 
2% in pubertal children (Tanner stage 4 and 5). However, 
such benefits should not be underestimated as animal 
studies showed that a small increase in bone mass and 
structure (<15%) can generate a more than two-fold 
increase in bone strength5, 6.  
 
Improving exercise prescription for bone health requires 
identifying the window of opportunity to improve bone 
strength in girls and boys, and determining the strongest 
predictors of bone strength in that population. This can be 
achieved by conducting long-term, randomised exercise 
interventions using state-of-the-art imaging techniques in 
order to detect small changes in bone structure and 
strength. Previous intervention studies in pre- and peri-
pubertal girls and boys have been mostly of short duration 
(8 to 12 months) 7-16, except a few studies with a longer 
follow-up 17-22; most were controlled but not all were 
randomized. The majority of the studies were conducted 
using dual-energy X-ray absorptiometry (DXA), although 
more recent studies have utilized peripheral quantitative 
computed tomography (pQCT), a three-dimensional 
imaging technique that allow quantifying the mechanisms 
underlying the changes in bone strength 23, 24.  
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The main objectives of this study were: 
  
1. To determine the impact of four years of special 

physical education on the development of bone 
strength and its determinants (bone mass and 
geometry) in children, in comparison with current 
practice physical education; 

 
2. To investigate the relationships between bone 

strength and its determinants (bone mass and bone 
geometry) at the tibia and radius, and total body bone 
mineral content (BMC) and physical activity, body 
composition and cardiorespiratory fitness and lower 
body explosive power in boys and girls.  

 

METHODS 

Design 

This study was a multi-level randomized quasi-
experimental design trial involving an intervention 
[specialised Physical Education (SPE) program] conducted 
by visiting specialist teachers and a control group where 
class-room teachers continued with current practice PE (CP 
program). As a control group without PE is neither 
practically or ethically acceptable, any effect of SPE was 
calculated in reference to the effect of CP. 
 

Recruitment  

Schools were recruited from an Australian education 
jurisdiction through invitation to the principals. Of 31 
schools invited, 30 schools accepted. Thirteen schools (32 
classes) were randomly assigned to the SPE group and 16 
(36 classes) to the CP group after ensuring that the 
following conditions were satisfied. To match the groups 
as well as possible for socioeconomic status of their 
suburbs, their facilities, general administration and 
teaching methods, we chose government-funded schools 
in outer city suburbs of similar average family income (as 
estimated by the Australian Bureau of Statistics). We also 
ensured that SPE and CP schools were of sufficient 
geographical separation to minimize any chance of an SPE 
influence on CP programs 
 

Participants  

We measured 727 children (363 girls and 365 boys) as part 
of the Commonwealth Institute LOOK (Lifestyle of our Kids) 
study 25; see results for further details about the 
participant numbers.  The children were grade 2 pupils in 
government-funded schools in the Australian Capital 
Territory (ACT), aged 7-10 years. The participants were of 
mixed ethnic backgrounds, but the majority were of 
European descent over two centuries. Ethnicity was 
obtained by questionnaire (response rate: 70%). This study 
was approved by the Australian Capital Territory Health 
and Community Care Human Research Ethics Committee 
and the Ethics Committee at The Australian Institute of 

Sport. Parental and child consent was obtained for all 
measures in this study, and children understood that their 
participation was entirely voluntary. 
 

Intervention 

The philosophy and practical elements of the physical 
education intervention program are explained at the 
provider’s (Bluearth Foundation) website.53 A comparison 
of the intervention and control physical education 
programs was achieved using SOFIT (System of Observing 
Fitness Instruction Time), a method of recorded 
observation,54 questionnaires to teachers, and curriculum 
framework manuals from both the intervention program 
provider, the Bluearth Foundation 53 and from the local 
education authority. The intervention teachers had 
specialized in physical education with further professional 
development through the program provider, and were 
responsible only for the physical education of the students. 
The classroom teachers generally had received little 
training in physical education methodology and were 
responsible for teaching all aspects of the primary school 
curriculum. Relevant comparisons of intervention and 
control programs are summarized in Table 1.  

Table 1 Median percentage of class time within intervention 
and control groups as determined by the System of Observing 
Fitness Instruction Time 

Characteristic Intervention Control 
Group 

difference 
(P-value) 

Vigorous physical 
activity a (%) 21.5 14.6 <0.001 

Fitness activity b (%) 
17.6 2.1 < 0.001 

Skills practices c (%) 
12.1 10.6 = 0.11 

Teacher  
participation d (%) 25.7 6.3 < 0.001 

The number of class observations for each of intervention and control 
groups was 97. a Vigorous physical activity is activity equivalent to the 
energy requirements in excess of normal walking; b cardiovascular 
endurance, strength, or flexibility activity; c ball or movement skill 
activities; d teacher demonstration or participation in class activities. 
Probabilities (p-values) apply to differences between mean logit 
percentage values following a formal linear mixed model analysis 
adjusting for random school effects. 
 

Intervention classes spent a greater proportion of time in 
vigorous physical activity and fitness activities and there 
were distinct differences in the nature of fitness-related 
activities as classified by SOFIT between the groups. 
Conspicuous and contrasting features of the intervention 
physical education included its static and dynamic 
activities to develop balance and strength, and its variety 
of games and small group activities designed to encourage 
vigorous physical activity and maximal individual 
participation. The SOFIT observation indicated less 
variation in the allocation of class time to various 
categories of activities within the intervention program, 
suggesting a more consistent approach to lesson planning 
than in the control classes. The specialist intervention 
teachers, again in general contrast with general classroom 
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teachers, participated in all the activities, with the 
intention of maximizing individual motivation. Fitness 
activities in the control group were based on traditional 
ball sports and associated practices, and often involved 
group run/walks with less attention to sustained individual 
engagement.  Discussion with the specialist intervention 
teachers and inspection of their logged lesson summaries 
revealed an increased emphasis on vigorous physical 
activity in grades 5 and 6 compared with grades 3 and 4, 
but there was no indication of any equivalent systematic 
plan in the control program. 
 

Anthropometry 

Standing height was measured to the nearest 0.001 m with 
a stadiometer. Body weight was measured to the nearest 
0.05 kg using calibrated electronic scales (A&D Co Ltd 
model AND UC-321). The children were in minimal clothing 
and without shoes for all anthropometric measurements. 
Body mass index (BMI, kg/m2) was calculated from weight 
divided by height2. Children were classified as being 
overweight if they had a BMI superior to the BMI-for-age 
percentile corresponding to 25 kg/m2 in adults, based on 
the method previously described 26. The data source for 
the sex-specific BMI charts were derived from previous 
published research 27.  
 

Pubertal development 

Pubertal development was a self-assessment of Tanner 
stages28 using diagrams based on those previously 
described.29  In grade 4 the self-assessment occurred at 
home with guidance from parents, and in grade 6 the self-
assessment occurred in a hospital setting with guidance 
from an experienced teacher. Socioeconomic status of the 
suburbs in which the schools were situated was obtained 
from government records.30 
 

Physical activity, fitness and performance 

Cardiorespiratory fitness was measured using the 20m 
multistage run, a well-established field test with children.31 
The calculation of the physical activity index, 
approximating the square root of the average number of 
steps per day as determined by the 7-day pedometer 
records (Walk 4 Life, Plainfield, IL, USA) has been described 
in detail elsewhere32.  Vertical jump was assessed using a 
vertical scale. Children were given a free trial, then as 
many attempts as necessary, as long as they kept 
improving their performance from one attempt to the 
next. Children were not allowed to do a run-up before 
jumping. 
  

Dual-energy x-ray absorptiometry (DXA) 

Body composition of the total body was determined by 
DXA (Hologic Discovery QDR Series, Hologic Inc., Bedford, 
MA, USA). Total body scans were used to generate total 
lean tissue mass (kg), fat mass (kg) and percent body fat 
(%BF = fat mass (kg) / total body mass (kg *100). Bone 
mineral content (BMC, g), areal bone mineral density 

(aBMD, g/cm2) and bone area (cm2) were determined at 
the whole body, lumbar spine (L1-L4) and both proximal 
femurs. For this study we are only reporting the results for 
total body BMC. All scans were performed with children 
wearing light clothing and scans were analysed using QDR 
Hologic Software Version 12.4.7.  Spine and step phantoms 
provided by the manufacturer were scanned on a daily 
basis for quality control assessment. A whole-body 
phantom was also scanned on a weekly basis. The 
precision for this technique in a pediatric population was 
reported to be less than 2% for lean tissue mass and 
percent body fat.33 The effective dose for the whole-body 
scan is <0.5 µSv. 
 

Peripheral quantitative computed tomography 

(pQCT) 

Bone structure and material density parameters, estimates 
of bone strength and regional body composition of the 
forearm and lower leg were measured using peripheral 
quantitative computed tomography (Stratec XCT-3000 
scanner, Stratec Medical, Pforzheim, Germany) as 
described previously.34, 35 The XCT 3000 is a small CT 
machine that is specifically designed to investigate bone 
strength in the peripheral skeleton. The machine was 
mounted on a trolley that was adjustable in height so that 
the same machine could be used for upper limb and lower 
limb measurements. The pQCT allows measuring a range 
of parameters related to bone geometry and volumetric 
bone mineral density. Estimates of bone strength can be 
calculated from these parameters. A detailed description 
of all parameters is included below; however, for the sake 
of clarity, the results and discussion sections will focus on 
the most relevant parameters. 
 
Dominance was determined by self-report of left or right 
handedness. The scanner was positioned on the non-
dominant distal forearm and contralateral distal lower leg. 
Forearm length was measured from the tip of the 
olecranon process to the most distal end of the ulna 
styloid process using a metal measuring tape (precision: 
0.5 cm). Tibial length was measured from the distal end of 
the medial malleolus to the superior aspect of the medial 
tibial condyle. Two pQCT scans were performed at 4% and 
66% of bone length (relative distance measured from the 
distal end of the bone) 36-38. Slice thickness was 2 mm, and 
voxel size was set at 0.5 mm with a scanning speed of 20 
mm/s. Although voxel size of 0.4 mm and scanning speed 
of 15 mm/s has been recommended for measuring radius 
in children to reduce the effect of partial volume effect, 
our choice of scanning speed was based on the reduction 
of movement artefacts by shortening scanning times.  
 
Image processing and calculation of numerical values were 
performed using the manufacturer’s software package 
(version 6, Stratec Medical, Pforzheim, Germany). Using 
various edge detection and thresholding steps, the pQCT 
image can be segmented into various bone and soft tissue 
measures as described below.  
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For distal sites (metaphysis, 4% bone length), the 
periosteal surface of the radius/tibia metaphysis was 
found by a contour algorithm based on thresholding at 180 
mg/cm3. Bone mineral content (BMC, g) per cm of slice 
thickness, total bone cross-sectional area (ToA, mm²) and 
total bone volumetric bone mineral density (ToD mg/cm3) 
were determined. Concentric pixel 7 layers were then 
peeled off from the bone’s perimeter until a central area 
covering 45 % of ToA was left. From this central area 
trabecular volumetric bone mineral density (TrD, mg/cm3) 
was measured. Cortical thickness (CoTh, mm) at the distal 
tibia and radius was obtained using the method described 
by Rauch et al. 39 because cortical thickness at these sites is 
lower than 2.5 mm in most children 39. In such thin 
cortices, voxels at the bone edges are incompletely filled 
(partial volume effect) 40 which affects the value of CoD 
provided by the software. The mean cortical thickness of 
the bone’s cross section was calculated by substracting the 
inner radius from the outer radius 39: 
 
Mean cortical thickness = (total bone area/π)0.5 – [(total 
bone area - cortical bone area)/π]0.5 

 
For this equation, estimation of cortical bone area at the 
distal radius and tibia was obtained using ToA, ToD and 
TrD, which were provided by the software, as well as 
previously published age- and sex-specific data for CoD 41. 
The Bone Strength Index (BSI, mg2/mm4) was calculated to 
estimate metaphyseal bone strength: BSI = ToA * ToD2. 42  
 
For the proximal sites (diaphysis, 66% bone length), the 
periosteal surface of the radius/tibia diaphysis was found 
by a contour algorithm based on a threshold of 280 
mg/cm3. Bone mineral content (BMC, g/cm) and total bone 
cross-sectional area (ToA, mm²) were calculated. Cortical 
bone was selected by thresholding at 710 mg/cm3. Of the 
selected area, cortical cross-sectional area (CoA, mm²), 
cortical thickness (CoTh, mm) and cortical bone mineral 
density (CoD, mg/cm3) were calculated. Because the 
determination of CoD is affected by CoTh (partial volume 
effect when CoTh < 2.5 mm) 40, adjustment was made for 
CoTh when analysing CoD as previously described by 
Rauch et al. 39 (see also statistical analysis).  Polar bone 
stress strain index (SSIpol, mm3) was calculated to 
estimate diaphyseal bone resistance to bending and 
torsion 43, 44.  At the proximal site only (66%), muscle and 
fat cross-sectional areas were measured. Muscle CSA 
(mm²) was obtained by subtracting fat CSA (mm²) and ToA 
from the CSA of the total limb. Subcutaneous fat CSA was 
determined by selecting the area with thresholds -40 to 
+40 mg/cm3 HA density. The ratio between fat and muscle 
CSA was calculated: fat/muscle ratio = fat CSA/muscle CSA 
*100 (%). A ratio of 100% indicates that fat CSA and muscle 
CSA are equal. In addition, the ratio between fat CSA and 
total CSA of the limb was calculated: %Fat CSA = fat 
CSA/total CSA * 100 (%). Precision errors for bone 
parameters were shown to be around 2% in adults 45. 
Reproducibility has not been investigated extensively in 
children; however, precision was reported to be lower 
than 2% at the forearm 46. The effective dose for each scan 

including scout view was calculated to be 0.7 µSv 
(provided by the manufacturer). 
 

Statistical analysis 

A statistical model was formulated to study relationships 
at the between-child and between-school levels as well as 
at the within-child (temporal) level. The statistical model 
has the form set out below, with Total Bone Mineral 
Content (BMC) as an example of the response variable and 
percent fat (%BF) as an example of an explanatory 
variable. 
 
BMC = constant + Group effect+ SES effect + %BFs+ School 
random effect + School.Grade random effect+ Sex effect + 
Sex.Group interaction + %BFc + Child random effect + 
Grade effect + Sex.Grade effect + Group.Grade effect + 
%BFw + possible interactions between fixed effects + 
within-child random error 
   
The terms %BFs, %BFc and %BFw denote the vectors of 
variation at the school level, between-child and within-
child levels. The term Group refers to the intervention and 
control groups, the term Grade to the primary school 
grade and the term Grade.Group is the intervention effect, 
the change in HOMA-IR in the intervention group from 
grade to grade relative to the control group. 
 
The above model fits within the general framework of 
general linear mixed models. Statistical significance of an 
effect was assessed by calculating adjusted Wald statistics.  
Where necessary, variables were scaled by square roots or 
natural logarithms to better meet linearity assumptions. 
General model checking procedures were routinely used to 
identify aberrant data and to check the model assump-
tions.  
 
Statistical computation was undertaken using the stat-
istical package Genstat Version 13. 
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RESULTS 

Participant characteristics 

A total of 727 children (362 girls and 365 boys) agreed to 
have a DXA scan at baseline, of which 77% (n=560) had a 
follow-up scan at 2 years (78% girls; 76% boys) and 69% 
(n=505) had a 4-year follow-up scan (67% girls; 72% boys). 
For the pQCT assessment, 566 children (277 girls and 279 
boys) had a tibial scan and 489 children (242 girls and 247 
boys) had a forearm scan at baseline. Of these, 70% 
(n=395) had a repeat tibial scan at 2 years (70% girls; 72% 
boys) and 60% at the 4-year follow-up (59% girls; 60% 
boys). For the forearm, 56% had a repeat scan at 2-years 
(57% girls; 55% boys) and 58% at the 4-year follow-up 
(59% girls; 57% boys). The main reasons for the missing 
pQCT scans or data relate to movement artefacts, 
technical issues with the machine (which had to be 
transported from Melbourne to Canberra), children/ 
parents not agreeing to the follow-up scans for personal 
reasons or concerns about radiation exposure, and a lack 
of time to perform the scans during a given testing session.  
 
As shown in Table 2, there were no significant differences 
in any of the baseline characteristics between the 
intervention and controls group for either the boys or girls, 
with the except that vertical jump height was greater in  
boys in the controls group compared to the intervention 
group (P<0.001). There were also no significant differences  
in the proportion of boys or girls in the intervention and 
control group within the different stages of pubertal 
development at the 4-year follow-up. 

 

Effects of the physical education intervention 

As shown in Table 3, both total body lean tissue mass and 
BMC increased significantly by 16 to 23% after 2-years and 
35 to 66% after 4-years in both boys and girls in the 
intervention and control group. After including height, 
weight and pubertal development at follow-up (grade 6) as 
covariates and school as a random effect to account for 
the effects of clustering, we found that there were no 
significant intervention effects over the 4-years for either 
total body lean mass (girls P=0.153; boys P=0.487) or total 
body BMC (girls P=0.401; boys P=0.747).  
 
Table 4 and 5 shows the mean baseline pQCT bone 
measurements at the distal and mid radius and tibia and 
the unadjusted percentage changes relative to baseline by 
group after 2 and 4 years of follow-up in boys and girls 
separately. As expected, measures of bone structure 
(cortical area) and strength (BSI and SSI) and muscle CSA 
all increased significantly throughout the 4-year period. 
 
However, at both the mid-radius and mid-tibia the gains in 
cortical bone area were on average, 9.6% (P<0.05) and 
5.0% (P<0.08) greater in the intervention compared to 
control group over the 4-years, after adjusting for length, 
weight and pubertal status at year 4 and the random effect 
of school. 

 

Table 2 Characteristics of the boys and girls who had a DXA scan at baseline (grade 2 - 2005) 

 Boys Girls 

Characteristic Intervention Controls Intervention Controls 

N 206 159 192 170 

Age, years 8.1 ± 0.4 8.1 ± 0.3 8.1 ± 0.3 8.1 ± 0.4 

Height, cm 130.4 ± 5.5 129.9 ± 5.8 128.4 ± 5.5 129.0 ± 5.3 

Weight, kg 28.9 ± 5.1 28.7 ± 5.3 28.6 ± 5.9 28.9 ± 5.7 

BMI, kg/m2 16.9 ± 2.2 16.9 ± 2.3 17.2 ± 2.6 17.2 ± 2.6 

Body fat, % 22.8 ± 5.8 22.5 ± 6.0 27.9 ± 6.4 28.0 ± 6.3 

PA index, √steps day 108.7 ± 11.4 107.7 ± 11.1 96.5 ± 10.2 98.2 ± 10.0 

CRF, run stages 4.2 ± 1.5 4.2 ± 1.5 3.4 ± 1.0 3.6 ± 1.2 

Vertical Jump , cm 24.6 ± 4.5 26.5 ± 4.8 ‡ 23.7 ± 4.2 24.4 ± 4.0 

Pubertal status – Yr 4     

Early-puberty 67 (45%) 48 (43%) 29 (34%) 41 (22%) 

Mid-puberty 51 (35%)  39 (35%) 54 (32%) 38 (39%) 

Late/Post puberty 30 (20%) 25 (22%) 54 (34%) 40 (39%) 

‡ p<0.001 vs intervention group. Early-puberty = breast/penis and pubic hair Tanner cumulative score ≤4; Mid-puberty = breast/penis 
development and pubic hair Tanner cumulative score 5-6 and no menarche; Late/post- pubertal = breast/penis development and pubic hair 
Tanner cumulative score ≥7 and/or menarche.  
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Table 3 Mean baseline DXA total body bone mineral content (BMC) and lean tissue mass by group and the within-group changes (95% 
confidence intervals) relative to baseline after 2 and 4 years. 

 Boys Girls 

Characteristic Intervention Controls Intervention Controls 

Lean tissue mass     

   Baseline, kg 21.37 ± 2.84 21.31 ± 2.92 19.44 ± 2.75 19.80 ± 2.83   
% ∆ 2 years 20.8 (19.9, 21.7) 20.8 (19.6, 22.1) 23.3 (22.0, 24.6) 23.0 (21.6, 24.3) 

% ∆ 4 years 52.3 (50.0, 54.5) 54.2 (50.6, 57.7) 65.6 (62.9, 68.3) 58.7 (55.9, 61.6) 

Total body BMC     

   Baseline, g 956 ± 117 933 ± 116 886 ± 101 * 909 ± 114 

% ∆ 2 years 15.7 (15.1, 16.2) 16.8 (15.9, 17.7) 16.8 (15.9, 17.6) 16.1 (15.2, 17.0) 

% ∆ 4 years 35.1 (34.0, 36.2) 36.2 (34.4, 37.9) 42.1 (40.4, 43.9) 39.9 (37.9, 41.2) 

Baseline values are mean ± SD. Change data represents unadjusted means with 95% confidence intervals. All bone traits were log-transformed prior to analysis 
and the percentage change in these traits represents the absolute difference from baseline in the log-transformed data multiplied by 100.  

 
 
Table 4 Mean baseline pQCT bone results at the distal radius (4%) and mid-radius (66%) and muscle cross-sectional area (CSA) at the mid-
radius by group and the within-group changes (95% confidence intervals) relative to baseline after 2 and 4 years. 

 Boys Girls 

Characteristic Intervention Controls Intervention Controls 

Radius 4%, TrD     

   Baseline, mg/cm3 203.4 ± 29.5 197.6 ± 29.6 197.6 ± 30.7 199.3 ± 23.6 

% ∆ 2 years -5.8 (-7.6, -4.1) 1.5 (-0.5, 3.6) -5.2 (-7.7, -2.7) -3.0 (-5.9. 0.0) 

% ∆ 4 years -3.6 (-6.0, -1.1) 0.5 (-1.7, 2.8) -5.6 (-7.9, -3.3) -5.8 (-8.3, -3.3) 

Radius 4%, BSI      

   Baseline, mg2/mm4 18.2 ± 4.2 17.3 ± 3.9 15.3 ± 3.1 16.0 ± 2.9 

% ∆ 2 years 5.9 (3.4, 8.4) 13.5 (10.9, 16.1) 8.9 (5.3, 12.6) 9.1 (5.7, 12.5) 

% ∆ 4 years 20.0 (16.7, 23.4) 26.8 (23.2, 30.3) 24.0 (20.7, 27.3) 20.8 (17.0, 24.8) 

Radius 66%, CortAr     

   Baseline, mm2 40.9 ± 7.7 40.2 ± 6.7 36.5 ± 7.0 39.2 ± 7.3 

% ∆ 2 years 10.6 (7.2, 14.0) 8.6 (5.3, 12.0) 11.7 (7.4, 16.0) 8.1 (3.9, 12.4) 

% ∆ 4 years 35.1 (32.0, 38.2) 36.1 (32.1, 40.0) 45.5 (41.2, 49.7) 36.5 (32.7, 40.2) 

Radius 66%, CortD     

   Baseline, mg/cm3 991.7 ± 41.0 992.4 ± 45.1 974.9 ± 51.8 988.5 ± 51.4 

% ∆ 2 years 0.6 (-0.4, 1.5) -0.3 (-1.4, 0.7) -0.9 (-2.0, 0.2) 0.5 (-0.5, 1.5) 

% ∆ 4 years 5.4 (4.6, 6.3) 4.3 (2.9, 5.7) 7.4 (6.3, 8.4) 5.1 (3.7, 6.4) 

Radius 66%, SSI     

   Baseline, mm3 135.8 ± 30.7 130.2 ± 30.0 123.7 ± 28.9 122.1 ± 27.2 

% ∆ 2 years 18.1 (13.9, 22.3) 17.8 (13.0, 22.7) 18.2 (14.8, 21.6) 25.7 (21.8, 29.7) 

% ∆ 4 years 24.0 (20.7, 27.4) 32.1 (27.4, 36.7) 29.8 (25.2, 34.4) 32.2 (27.7, 36.6) 

Radius 66%, muscle CSA    

   Baseline, mm2 1590 ± 216 1633 ± 216 1477 ± 225 1499 ± 208 

% ∆ 2 years 11.1 (9.2, 13.1) 12.8 (10.4, 15.2) 12.7 (10.7, 14.6) 13.8 (12.1, 15.6) 

% ∆ 4 years 23.5 (20.1, 26.9) 27.6 (22.7, 32.6) 30.5 (27.0, 34.0) 26.7 (23.4, 30.0) 

Baseline values are mean ± SD. Change data represents unadjusted means with 95% confidence intervals. All bone traits were log-transformed prior to analysis 
and the percentage change in these traits represents the absolute difference from baseline in the log-transformed data multiplied by 100. TrD = trabecular 
volumetric BMD; BSI = bone strength index; CortAr = cortical bone area; CortD = cortical volumetric BMD; SSI = strength strain index; muscle CSA = muscle 
cross-sectional area.  
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Further analysis revealed that this was largely due to a 
greater gain in cortical area in the intervention group 
throughout the final 2-years of the trial (from grades 4 to 
6): mid-tibia P<0.05 and mid-radius, P<0.05. In the boys, 
there was also a greater exercise-induced increase in 
cortical bone volumetric BMD (vBMD) at the mid-tibia 
throughout the intervention (2.4% vs 1.3%, P<0.05), which 
was largely due to greater accrual during the last 2-years. 
In contrast, the changes in trabecular bone vBMD at the 
distal radius in boys was less in the intervention compared 
to control group (-3.6% vs 0.5%, P<0.05). There was little 
evidence of any significant intervention effects over the 
four years on the other bone traits or muscle CSA.  
 

Relationships with indices of bone strength 

To investigate the relationship between measures of 
physical activity, fitness, performance, body composition 
and bone strength, we first investigated the independent 
association between each of the predictor variables 
(physical activity, cardiorespiratory fitness, % body fat, 
vertical jump and muscle CSA) and measures of bone 
strength at the mid and distal radius and tibia in boys and 
girls separately after adjusting for bone length and 

pubertal status (Model 1 see Table 6 and 7). In model 2, all 
predictor variables were entered simultaneously into the 
model to investigate which predictors were the most 
important determinants of bone strength.    
 
In both girls and the boys, muscle cross-sectional area 
(muscle CSA) was found to be the only significant 
determinant of bone strength at the distal (4%) and mid 
(66%) radius (and the 4% tibia in the boys) in the fully 
adjusted multivariate model (model 2). In boys, we found 
that a higher level of fitness (CRF) and greater muscle CSA 
was associated with greater bone strength at the mid 
(66%) tibia. Similar results were observed in the girls but a 
higher body fat was also associated with greater bone 
strength at this site. At the distal (4%) tibia in the girls, a 
higher level of physical activity, fitness, body fat and 
muscle CSA were all associated with greater bone strength 
in the multivariate model. Vertical jump height, as an 
estimate of explosive muscle power, was associated with 
greater bone strength at the distal radius in boys and girls, 
but this was no longer significant after including all other 
predictors in the model.  
 

 
Table 5 Mean baseline pQCT bone results at the distal tibia (4%) and mid-tibia (66%) and muscle cross-sectional area (CSA) at the mid-tibia 
by group and the within-group changes (95% confidence intervals) relative to baseline after 2 and 4 years 
 
 
 
 

Boys Girls 

Characteristic Intervention Controls Intervention Controls 

Tibia 4%, TrD     

   Baseline, mg/cm3 233.3 ± 28.4 226.5 ± 35.7 220.8 ± 30.3 219.1 ± 27.7 

% ∆ 2 years -1.6 (-3.5, 0.3) 0.3 (-1.7, 2.4) -2.2  (-4.3, 0.0) 0.8 (-1.3, 2,8) 

% ∆ 4 years 3.3 (1.3, 5.4) 5.2 (3.2, 7.3) 0.1 (-1.9, 2.1) 1.1 (-1.3, 3.4) 

 Tibia Radius 4%, BSI     

   Baseline, mg2/mm4 59.2 ± 12.8 57.2 ± 14.8 49.0 ± 11.1 50.6 ± 9.9 

% ∆ 2 years 13.9 (11.1, 16.7) 15.2 (12.5, 17.8) 12.8 (10.3, 15.3) 14.5 (11.9, 17.0) 

% ∆ 4 years 35.5 (32.3, 38.7) 37.3 (34.2, 40.5) 34.6 (31.7, 37.4) 32.7 (29.2, 36.1) 

Tibia 66%, CortAr     

   Baseline, mm2 156.9 ± 23.5 151.7 ± 22.1 148.7 ± 19.1 154.1 ± 20.2 

% ∆ 2 years 17.5 (15.9, 19.1) 18.1 (16.7, 19.5) 18.0  (16.5, 19.5) 18.0 (16.5, 19.4) 

% ∆ 4 years 42.5 (40.2, 44.9) 41.5 (39.0, 44.1) 43.6 (41.5, 45.7) 39.3 (37.0, 41.6) 

Tibia 66%, CortD     

   Baseline, mg/cm3 1006.9 ± 36.2 1016.6 ± 36.0 1016.5 ± 33.6 1016.1 ± 35.4 

% ∆ 2 years 0.1 (-0.5, 0.8) 0.4 (-0.1, 1.0) 0.6 (0.1, 1.0) 0.2 (-0.4, 0.9) 

% ∆ 4 years 2.4 (1.8, 3.1) 1.3 (0.6, 2.1) 3.3 (2.6, 4.0) 3.4 (2.7, 4.2) 

Tibia 66%, SSI     

   Baseline, mm3 982.2 ± 210.4 921.6 ± 192.8 889.8 ± 159.0 945.3 ± 201.1 

% ∆ 2 years 30.3 (28.4, 32.2) 30.6 (27.9, 33.3) 29.5 (27.3, 31.4) 26.5 (24.1, 28.9) 

% ∆ 4 years 39.5 (37.1, 41.8) 43.3 (40.2, 46.5) 45.2 (42.0, 48.3) 45.6 (42.2, 48.9) 

Tibia 66%, muscle CSA     

   Baseline, mm2 3348 ± 479 3373 ± 535 3243 ± 520  3255 ± 562 

% ∆ 2 years 18.0 (16.5, 19.4) 17.7 (16.0, 19.4) 20.5 (19.1, 22.0) 19.8 (17.9, 21.6) 

% ∆ 4 years 32.8 (28.9, 36.6) 35.6 (31.6, 39.6) 40.9 (37.0, 44.8) 38.5 (34.1, 42.8) 

Baseline values are mean ± SD. Change data represents unadjusted means with 95% confidence intervals. All bone traits were log-
transformed prior to analysis and the percentage change in these traits represents the absolute difference from baseline in the log-
transformed data multiplied by 100. TrD = trabecular volumetric BMD; BSI = bone strength index; CortAr = cortical bone area; CortD = cortical 
volumetric BMD; SSI = strength strain index; muscle CSA = muscle cross-sectional area.  
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Table 6 Univariate and multivariate models for DXA total body BMC and pQCT distal and mid bone strength in girls with physical activity, 
cardiorespiratory fitness, % body fat, vertical jump and muscle cross-sectional area (CSA).  
 

  Model 1 Model 2 
Site Predictor β P-value β P-value 

Radius 4%, BSI Physical activity index -0.0003 =0.724 -0.0007 =0.365 

 Cardiorespiratory fitness 0.043 =0.077 0.010 =0.726 

 % Body Fat -0.081 =0.057 -0.072 =0.151 

 Vertical Jump 0.004 <0.01 0.001 =0.337 

 Muscle CSA 0.0003 <0.001 0.0003 <0.001 

      
Radius 66%,SSI Physical activity index 0.003 =0.675 -0.00004 =0.962 

 Cardiorespiratory fitness 0.025 =0.345 0.019 =0.493 

 % Body Fat 0.054 =0.213 0.078 =0.090 

 Vertical Jump 0.003 =0.062 0.002 =0.195 

 Muscle CSA 0.0004 <0.001 0.0004 <0.001 

      
Tibia 4%, BSI Physical activity index 0.0004 0.533 0.008 0.201 

 Cardiorespiratory fitness -0.005 0.822 0.022 0.355 

 % Body Fat 0.132 <0.001 0.078 0.084 

 Vertical Jump 0.0004 0.713 0.0004 0.750 

 Muscle CSA 0.0001 <0.001 0.0001 <0.001 

      
Tibia 66%, SSI Physical activity index -0.0003 =0.657 -0.0004 =0.447 

 Cardiorespiratory fitness 0.014 =0.483 0.059 <0.01 

 % Body Fat 0.161 <0.001 0.063 =0.079 

 Vertical Jump 0.002 =0.177 0.002 =0.178 

 Muscle CSA 0.0001 <0.001 0.0001 <0.001 

All models adjusted for length (radius or tibia), pubertal status at grade 6 (year 4) and the group by year effect. BMC = bone mineral content; BSI = bone 
strength index; SSI = strength strain index. The following measures were scaled to better meet linearity assumptions: cardiorespiratory fitness 
 (square root) and % body fat (natural logarithm).  
 
Table 7 Univariate and multivariate models for DXA total body BMC and pQCT distal and mid bone strength in boys with physical activity, 
cardiorespiratory fitness, % body fat, vertical jump and muscle cross-sectional area (CSA).  
 

  Model 1 Model 2 

Site Predictor β P-value β P-value 
Radius 4%, BSI Physical activity index 0.0002 0.726 0.0002 0.770 

 Cardiorespiratory fitness 0.049 0.012 0.021 0.369 
 % Body Fat -0.042 0.236 0.002 0.961 
 Vertical Jump 0.005 <0.001 0.003 0.096 
 Muscle CSA 0.0004 <0.001 0.0004 <0.001 
      
Radius 66%,SSI Physical activity index 0.002 <0.01 0.001 0.070 
 Cardiorespiratory fitness 0.040 0.065 0.0004 0.986 
 % Body Fat -0.002 0.960 0.016 0.682 
 Vertical Jump 0.002 0.220 0.001 0.508 
 Muscle CSA 0.0004 <0.001 0.0004 <0.001 
      
Tibia 4%, BSI Physical activity index 0.001 0.051 0.001 <0.05 
 Cardiorespiratory fitness 0.011 0.548 0.051 <0.05 
 % Body Fat 0.098 <0.001 0.137 <0.001 
 Vertical Jump 0.0006 0.619 0.0003 0.817 
 Muscle CSA 0.0001 <0.001 0.0001 <0.001 
      
Tibia 66%, SSI Physical activity index 0.001 <0.05 0.0009 0.081 
 Cardiorespiratory fitness 0.021 0.183 0.050 <0.01 
 % Body Fat 0.121 <0.001 0.104 <0.001 
 Vertical Jump 0.002 0.145 0.002 0.143 
 Muscle CSA 0.0001 <0.001 0.0001 <0.001 

All models adjusted for length (radius or tibia), pubertal status at grade 6 (year 4) and the group by year effect. Model 1: independent association between the 
predictors and bone strength; Model 2: multivariate model in which all predictors were included in the model simultaneously. BMC = bone mineral content; BSI 
= bone strength index; SSI = strength strain index. The following measures were scaled to better meet linearity assumptions: cardiorespiratory fitness (square 
root) and % body fat (natural logarithm) 
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DISCUSSION 

 
The study showed that physical education conducted twice 
weekly by specialist physical educators through grades 3 to 
6 of primary school seemed to positively affect cortical 
area in the bone shaft of the peripheral skeleton (radius 
and tibia). Although this was not associated with an 
improvement in bone strength at these skeletal sites, the 
exercise programme had a greater effect on cortical area 
over the last two years of the intervention. This suggests 
that significant increases in bone strength might be 
achievable by pursuing the exercise intervention over a 
longer period of time.  
 
Monitoring the effects of exercise on bone strength in 
children is known to be particularly challenging due to the 
overwhelming effect of growth on the major outcomes. As 
shown in this study, whole body bone mineral content 
increased by 32-42% over 4 years in both boys and girls in 
the intervention and control group. No significant 
intervention effects were found over the 4-years for total 
body bone mineral content. However, bone mineral 
content as measured by DXA does not necessarily reflect 
site-specific changes in bone strength that may occur in 
the skeleton. Loading (i.e. mechanical strains applied onto 
the bones during exercise) induces a redistribution of the 
bone mineral mass towards the sites of the skeleton that 
are submitted to the highest strains (e.g. the dominant 
arm in tennis players, the lower limbs in triple jumpers…). 
Besides, improving bone strength is not just a matter of 
increasing the bone mineral mass, but more about using 
the bone mineral mass wisely. Bone’s enlargement 
through newly added bone on the periosteal surface 
(external envelope of the bone) increases bone strength to 
a greater extent than bone added to the endosteal surface 
(internal envelope), because the bending strength of a unit 
area of bone is proportional to the fourth power of its 
distance from the neutral or long axis of the bone.47 In the 
present study, the increase in cortical area is a marker of 
surface-specific changes in bone mineral apposition which 
were detected using the pQCT machine. 
In contrast to the positive effects of the intervention on 
cortical area in the shaft, the changes in trabecular bone 
vBMD at the distal radius in boys was less in the 
intervention compared to control group. Reasons for this 
observation are unclear. There is a possibility that this 
relatively lower increase in trabecular bone vBMD in the 
boys who participated in the intervention is only transient; 
however, this would warrant further investigations.  
 
The present findings are positive considering that the 
exercise intervention was not specifically designed to 
target bone health. The loading characteristics associated 
with an improvement in bone strength are very specific, 
making the general prescription of exercise (for 
cardiovascular health or weight management) unsuitable 
for skeletal health 48. Weight-bearing exercises are known 
to be more osteogenic 49. More specifically, activities 
should be dynamic, variable in nature, applied rapidly and 

intermittently 50 but relatively few loading cycles are 
required 51, 52. These principles make exercise prescription 
for bone strength challenging. Bones are also sensitive the 
forces induced by muscle contractions. Therefore, any 
activity that positively affects muscle strength and power 
is deemed to be osteogenic. We found that in both boys 
and girls, muscle cross-sectional area, as a surrogate 
estimate of the forces acting on bones, was the only 
significant determinant of bone strength at the distal (4%) 
and mid (66%) radius (and the 4% tibia in the boys) in the 
fully adjusted multivariate model (model 2). The lack of 
effect of the exercise intervention on muscle CSA may 
explain the absence of improvement in bone strength after 
4 years of specialized physical education. Several 
indicators of fitness (cardiorespiratory fitness - as 
measured during the shuttle run, explosive muscle power 
– as measured by vertical jump height) were associated 
with greater bone strength but the relationships were sex- 
and site-specific. This confirms the strong impact of 
physical activity on bone strength in boys and girls and 
encourages us to keep promoting an active lifestyle in 
children and adolescents for the prevention of 
osteoporosis. 
 

Strengths and limitations of this study 

The major strengths of this work were i) the duration of 
the intervention (4 years, which is the first of its kind in the 
field of bone health), ii) the three-dimensional imaging 
technique, which allow detecting small changes in 
volumetric bone mineral density, bone geometry and 
estimates of bone strength and muscle cross-sectional 
area, iii) the multidisciplinary nature of the investigation, 
which offers a unique opportunity to study the 
relationships between bone health, metabolism, hormonal 
profile, and cardiovascular health. The design of the study 
was particularly suitable for investigations on bone health, 
as improvement in bone strength may take a long time to 
occur.  
 
The major limitation of the study was the non-specific 
content of the specialized physical education. As outlined 
above, the loading characteristics associated with an 
improvement in bone strength are very specific, making 
the general prescription of exercise unsuitable for skeletal 
health. Although this can be seen as a limitation, it was 
important to investigate the effects of a non-specialized 
exercise intervention on bone health, as this kind of multi-
disciplinary intervention suits more the promotion of 
general physical activity for the improvement of health 
and well-being and the prevention of a range of common 
chronic diseases in our population.   
 

CONCLUSIONS  

Well-planned physical education was found to improve 
some but not all determinants of bone strength in children 
between 8 and 12 years of age, especially in the final two 
years. Muscle cross-sectional area and indicators of fitness 
(cardiorespiratory fitness and explosive power) were 
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significant predictors of the changes in bone strength at 
specific sites of the skeleton. These findings support the 
promotion of general physical activity for the 
improvement of bone health and the prevention of 
osteoporosis later in life. 
 
 

What is known on this topic 

• Engaging in regular physical activity during growth 
contributes to attaining a high peak bone mass in 
young adulthood, which is thought to delay 
osteoporosis and related fractures later in life. 

• Weight-bearing impact-loading activities are among the 
most osteogenic activities and therefore can help 
children and adolescents in reaching a high peak bone 
mass.  

  

What this study adds 

• Physical education that does not specifically target 
bone strength induces some musculoskeletal benefits 
in boys and girls, especially between the ages of 10 and 
12 years.   

• Primary school physical education is important for the 
improvement of bone health and the prevention of 
fractures and osteoporosis later in life.  
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ABSTRACT 

Background: Abundant evidence strongly supports a role 
for psychological factors in the development of children’s 
health and health risk behaviours. Stress, body image and 
depression figure prominently in this. The following 
chapter outlines the role of these psychological variables 
developmentally, as correlates of measures of physical 
activity, fitness and body size, and in relation to the 
Bluearth Intervention. 
 
Objective: To examine the development of stress, body 
image and depression over the primary school years, and 
to investigate the potentially positive role of the Bluearth 
Intervention in this regard. 
 
Participants: 445 boys and girls (Intervention Group) and 
376 boys and girls (Control Group) with a mean age of 8 
(SD = 0.3) at intake. 
 
Setting The Australian LOOK Longitudinal Study 
 
Intervention: All children usually received 150 minutes 
per week of physical education from general classroom 
teachers. In 13 schools, 100 minutes per week was 
replaced by an intervention from specialist physical 
educators. The remaining 16 schools formed the control 
group. 
 
Main outcome measures: Valid and reliable 
psychometric scales of stress, body image and depression, 
together with standard measures of body size, physical 
activity and fitness. 
 
Results: The reported experience of stress, body image 
and depression evolved over time in a manner consistent 
with the broad evidence on developmental psychology. 
Co-variations between these psychological attributes and 
body size, physical activity and fitness were also consistent 

with expectations. The role of the Bluearth intervention in 
facilitating good psychological development was, however, 
ambiguous at best. 
 
Conclusions: Psychological attributes of young and 
developing children play a role in determining overall 
states of well-being in later life. These attributes appear to 
relate systematically to aspects of body size, physical 
activity and fitness at various points during the children’s 
school age development. The strength of longitudinal 
relationships between psychological and somatic variables 
was however less strong, signaling a need for caution in 
ascribing causal significance to this process. Moreover, the 
limited role of the Bluearth Intervention in facilitating 
positive psychological development underscores the need 
to focus more specifically on psychological matters in 
future interventions at this level. 
 
 

Number of measurements 

   Intervention Control 
  Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 Stress 
Body Image 
Depression 
Physical activity 
Fitness 
 %BF 

228 217 187 189 

       
Grade 3 
(March, 
2006) 

 
Depression 217 207 180 187 

       

Grade 3 
(End of 
2006) 

 Body Image 
Depression 
Stress 
Physical activity 
Fitness 

208 197 172 175 

       

Grade 4 
(2007) 

 Body Image 
Physical activity 
Fitness 
 %BF 

172 163 159 148 

 
  

    

Grade 6 
(2009) 

 Body Image 
Depression 
Stress 
Physical activity 
Fitness 
%BF 

141 133 125 122 
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INTRODUCTION 

 
The influence of psychological and behavioural factors on 
the development of health, and health promoting activities 
in young children, are not in serious dispute1 2. The 
foundation for behaviours conducive to a healthy 
adulthood is firmly laid down in childhood and 
adolescence. This has been established for a range of 
potential health risk behaviours including cigarette 
smoking3, the consumption of alcohol and other drugs4, 
diet5 and engagement in physical exercise6. These 
behaviours are clearly central to the potential future 
causation of cardiovascular diseases and a raft of 
malignant neoplasms7, and have been statistically related 
to elevated risk of many other diseases. It is therefore 
crucial that the establishment of health promoting 
behaviours and the encouragement of health risk 
behaviours is dealt with early in life. 
 
To these potential risks for chronic physical illness must be 
coupled the emergent risks of psychological disorder. 
While such prevalent aspects of psychological morbidity as 
depression and anxiety are well know and widely 
documented in adult populations8, it is now clear that 
these issues too will frequently have their origins in early 
childhood experiences9. Moreover, the actual (and 
alarming) prevalence of both depression and anxiety in 
children10 has only recently become apparent to mental 
health professionals, leading to a significant increase in 
research directed at understanding this phenomenon. 
While the origins of affective disorders in children are now 
being extensively investigated, the role of psychological 
dysfunction in children and the subsequent effects that 
this may have on the development of behavioural risk 
factors for later physical health, is also a matter of keen 
interest. 
 
A range of issues arise when considering the acquisition of 
health promoting behaviours during childhood. The direct 
availability of factual information on health risk, and the 
mode(s) of presentation of this information exert an 
ambiguous influence at best on health promoting 
behaviours11; though in the early 21st century much of this 
information is both widely available and engagingly 
presented. The readiness and capacity of young people to 
take this information up and to translate it into health 
behaviour acquisition or behaviour change is a clearly 
difficult issue for health psychologists to deal with12, and 
the conduct of systematic research into this phenomenon 
is seen as increasingly important.  
 
While this research deals with a broad array of potential 
factors, a comprehensive examination of the available 
literature (see for example Sarafino, Caltabiano, & Byrne13) 
would indicate that three issues of psychological health 
stand out for particular attention in the context that: (a) 
they appear to be critical to the subsequent development 
(in adulthood) of conspicuously poor health; and (b) they 
are amenable to modification through a variety of 
psychological and other strategies. These are –  

 
Stress 
 
The early years of life are often portrayed to be carefree 
but frequently they are not. The transitional state of 
adolescence marks a period of conspicuous stress for 
many14 and there is evidence that earlier childhood poses 
the same kinds of hazards for younger people15. The 
experience of adolescent stress has been systematically 
associated with a range of health compromising lifestyles 
and behaviours16. Specific health risk behaviours 
convincingly related to the experience of adolescent stress 
include the failure to control obesity17, physical inactivity18, 
early alcohol use18, and the onset of cigarette smoking3. 
Moreover, there is growing evidence that adolescent 
stress impacts negatively onto immune competence in 
otherwise healthy young people19. 
 
Similar studies with younger people have not been done, 
but given that stress is as much a part of childhood as it is 
of adolescence, the likelihood of links between childhood 
stress and health risk behaviours is strong. It is therefore 
clearly important to investigate the area since it is likely to 
bear, inter alia, on the strength of uptake of health 
behaviour enhancing programs including those to do with 
exercise and physical fitness. 
 
Body and personal image (including self-concept and 
self-esteem) 
 
The desire for an attractive body image has typically been 
associated with engagement in health promoting 
behaviours among adolescents20; there is also evidence 
that those with an already positive body image are more 
likely than others to maintain health promoting 
behaviours. These issues are linked both theoretically and 
empirically with the related notions of self-concept and 
self-esteem21. Whether a program to facilitate the 
establishment of health promoting behaviours, and 
particularly one emphasising physical fitness, can 
consequentially impact positively onto perceptions of body 
(and personal) image, has not been adequately 
investigated in adolescents, and probably not investigated 
at all in children. The potential importance of this, 
however, lies with the possibility that once the link 
between engagement in a health promoting behaviour 
(physical activity and increasing fitness) and body (and 
personal) image has been established, the effect may 
generalise to other health promoting behaviours including 
diet, smoking abstinence and even the use of alcohol and 
other drugs.  
 
The basic assumption underlying the study as a whole is 
that a program specifically designed (and implemented) to 
engage children in regular physical exercise and movement 
will show a range of health benefits over the remaining 
course of their lives. Clearly this will be more strongly 
evident in some children than in others. A major part of 
any such research would then seem to be to identify those 
factors bearing on the capacity of the intervention(s) to 
achieve the desired goals of body image enhancement and 
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to use this evidence subsequently to manipulate these 
factors so that goal achievement is maximized.  
 
Depression 
 
This negative and painful affective state is increasingly 
widely recognized in the mental health landscape10. 
Estimates of the prevalence of depression in children and 
young people vary somewhat but appear to range 
between about 3%22 and 18%23. Prevalence increases with 
age and is higher among females than males23. In addition 
to posing a significant health problem in its own right, the 
presence of depression can also predispose children to a 
range of other health conditions, including obesity24, 
eating disorders more generally25, metabolic syndrome26 
and decreased insulin sensitivity27. Depression in young 
people has also been associated with a raft of health risk 
behaviours28, including cigarette smoking29 and poor 
exercise habits30. Clearly therefore, in any study of the 
development of child health which includes a psychological 
component, depression cannot be ignored. 

METHODS 

 
The overall methodology of the Lifestyle Of Our Kids 
(LOOK) Study has been outlined in some detail in a 
previous publication31 and will not be further elaborated 
here. The systematic examination of psychological aspects 
of childhood health and development has, however, been 
integral to the whole of the LOOK Study, and extensive and 
longitudinal data collection using relevant psychological 
measures has resulted in the accumulation of a rich data 
base of information for subsequent analysis.  
 
In line with the review of the literature briefly outlined 
above and the priorities which this recommends, the 
analyses which follow and the discussion of those results, 
will focus principally on the variables of stress, body image 
and depression, all in relation to the possible effects of the 
Bluearth Intervention.  
 

Development of psychometric scales 

An important part of this research has been the 
psychometric development of appropriate psychological 
scales to measure both body image and stress in children, 
since existing measures were not considered to be 
perfectly matched to the needs of the LOOK Study. Before 
considering the effects of the Bluearth Intervention, 
therefore, the development of these scales will be 
outlined. 
 

Development of a measure of body image in children 

A number of published scales are available to measure 
body image in children32. Their broad utility, however, is 
limited in a number of ways. Some have focused 
predominantly on dysfunctional body image33, others have 
an element of culture specificity34, and others still 
developed principally for adolescents or adults, but 

modified for use with children, leaving some doubt as to 
the appropriateness of wording or constructs for a 
younger population35. Moreover, there has been some 
concern over the use of pictorial representations of body 
size and shape (e.g. Truby & Paxton36) in assessing body 
image in children since this methodology ignores emotions 
and attitudes, and understanding may also be age 
sensitive37. For the purposes of the present study it was 
therefore decided to develop a unique scale 
 
Item content was initially based on the 20 item Body Self-
Esteem Scale for Children1 32. However, since the overall 
focus of the study was on the effects of physical activity on 
the health and development of young children31, content 
was enlarged to include items particularly reflective of 
perceptions of physical shape, size and prowess – this was 
guided by reference to literature on body image 
assessment in children appearing in the past decade2 (See 
Appendix C for literature). Two psychologists then 
independently reviewed the resulting list to exclude 
material which focused on pathologically distorted body 
image, items which were age-inappropriate (more relevant 
to older children or young adolescents), and items which 
involved explicit reference to breasts, genitalia or the 
onset of puberty – material which might embarrass young 
children. The final list contained 42 items. Pilot testing of 
the instrument with a small group convenience sample (N 
= 83) of 7 to 8 year old children resulted in the removal of 
17 items, which were either redundant or reflected 
concepts that proved too difficult for the children to 
comprehend.  
 
The initial Mendelson and White32 instrument employed a 
simple “Yes/No” response scale. However, in order to limit 
the stress of forced-choice decision making in young 
children, a five-point Likert scale was applied to each of 
the remaining 25 items to allow respondents to indicate  
whether items were: (1) “very much like I feel”, (2) “sort of 
like I feel”, (3) “I don’t feel either way about this”, (4) “not 
really like I feel”, or (5)  “not at all like I feel”. Items were 
worded positively and negatively in essentially equal 
numbers. 
 
Body Image is clearly a multi-dimensional construct32 34 35. 
An exploratory factor analysis of responses to the 25 items 
was undertaken to identify some underlying structure 
which could be translated into scales – it was 
uninformative. Only 39% of the variance was accounted 
for by three factors and most of that (29%) by the first 
factor. The resultant factors made no thematic sense in 
relation to the existing literature on the sub-components 
of body image in children, and the second and third factors 
were made up only of positively and negatively worded 
items respectively. Psychometric evidence39 does indicate 
that in young children, positively and negatively worded 

                                                             
1 With permission from the first Author. 
2 The last decade was chosen since cultural influences on 
body image38 can change with time. 
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items tend to aggregate together, not because of a reliable 
underlying factor structure but because of response bias 
associated with the wording of the items.  
 
It was therefore decided to develop scales to assess the 
underlying multi-dimensionality of body image in children 
using item clusters reflecting existing theory and evidence. 
Mendelson and White32 identified three dimensions of 
body image in the 20 items of their original questionnaire: 
(1) appearance satisfaction, (2) weight satisfaction, and (3) 
attribution of positive evaluation to others. However, 
given the potential to induce negative evaluations of 
weight in young children40, most items to do with weight 
satisfaction were left out of the revised questionnaire, 
thus eliminating the relevance of Mendelson and White’s 
Dimension (2). But, as outlined above, items designed to 
allow the evaluation of physical shape, size and prowess 
had been added in light of the study’s overall intention. In 
this context, the final grouping of the 25 items (see Table 
1) resulted in the imputed categories of (1) self-
perception, (2) perception by others, (3) physical 
attributes, and (4) appearance satisfaction.  
 
A confirmatory factor analysis model was then used to test 
this theoretical model in 2 separate data sets 12 months 
apart (N = 821 at intake, N = 791 at 12 month follow-up). 
More detail on the cohort may be seen later. When using 
the four imputed categories as latent variables and 
restricting the CFA model to fitting these variables, it was 
found that the CFA demonstrated acceptable goodness of 
fit at both intake and at 12 month follow-up. Results of the 
goodness-of-fit CFA for both intake and follow-up data are 
shown in Table 2. 
 
All indices demonstrate that at both intake and 12 month 
follow-up, the imputed four cluster model of children’s 
body image provides an excellent fit to the data. 
Confirmation of goodness-of-fit then allowed adoption of 
the four clusters of (1) self-perception, (2) perception by 
others, (3) physical attributes, and (4) appearance 
satisfaction as meaningful representations of the multi-
dimensional structure of body image in children. These 
clusters were therefore used as the basis for constructing 
body image scales. Scale scores were then simply the sum 
of item scale responses within any particular cluster.  
 

Development of the Children’s Stress Questionnaire 

(CSQ)3 

The measurement of stress is conceptually controversial in 
both adults41 and adolescents14, and there is no reason to 
suppose that the situation for children will be different. 
Byrne et al. 14 persuasively argued that for adolescents (the 
closest age group to childhood), the most 
methodologically defensible (and therefore the most 
appropriate) approach was to focus on stressor exposure 
or experience, since the alternative approach – measures 
of the stress response – could be seen to provide 

                                                             
3 Abstracted in modified form from Byrne et al. 51 
 

Table 1 Items making up the four subscales of body image with 
Cronbach’s Alpha  

Subscale and items 
Alpha 

grade 2 
Alpha 

grade 4 
Alpha 

grade 6 

Self-perception subscale .680 .702 .703 

 
I feel relaxed when others are looking at me 

I wish my body looked different from the way  
it is now 

I often wish I looked like someone else 

I worry about the way I look 

I am happy with what I look like in pictures of me 

How I look is important to me 

I like the changes to my body that are happening as 
I grow up 

Perception by others subscale  .636 .696 .744 

 
Other kids sometimes make fun of the way I look 
When I am with other kids I am nervous about how  
I look 

My Mum and Dad like the way I look 

I think I am as good looking as most kids my age 

I feel nervous about the shape of my body when I go  
swimming 

Other kids my own age like the way I look 

Physical Attributes subscale .623 .652 .626 

 
I wish I were thinner than I currently am 

I think my body is good for playing sports 
I sometimes wish I were a different height 

I wish I were more muscular than I am 

Exercise has made my body look better 

I am happy with my current weight 

Appearance satisfaction subscale .763 .844 .835 

 
I’m pretty happy with the way I look 

I like me when I look at myself in a full length mirror 

I am sometimes upset by the way I look  

I am not happy with the way some parts of my  
face look 

I think I have a nice face 

There are some parts of my body that I do not think  
look good 

 
 
measures of stress confounded by co-existing mood states. 
The approach focusing on stressor experience was 
therefore also adopted in developing a stress scale for 
children. 
 
As a starting point, both earlier42 43 and contemporary44 
considerations of the nature and components of childhood 
stress clearly indicate that inquiring into this phenomenon 
must be informed by available theory and evidence. From 
the perspective of child development, the primary or 
elementary school-age years are typically seen as those of 
rapid transition, bringing about a number of challenges43.
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Table 2 Confirmatory factor analysis for the Body Image Scale split by session  

Session RMSEA NNFI PNFI CFI 
Stand. 
RMR 

GFI AGFI PGFI 

Indicators of  
Goodness-of-Fit 

0 = perfect; 
.05 to .08 = 
acceptable 

.95 = good; 

.90 to .95 = 
acceptable 

.06 to .09 
indicative of 
substantial 

model 
differences 

> .95 = good; 
.90 - .95 = 
acceptable 

0 = perfect; 
< .5 = good; 

< .8 = 
acceptable 

0= poor; 1= 
perfect 

≥ .90 = 
good 

Values of 0 to 1; 
higher values  =  
greater model 

parsimony 

One (intake) 0.054 0.96 0.85 0.97 0.043 0.92 0.90 0.76 

Two (12 months) 0.067 0.96 0.86 0.97 0.046 0.89 0.87 0.74 

Three (24months) 0.074 0.96 0.85 0.96 0.053 0.87 0.84 0.72 

Four (4 years) 0.100 0.94 0.83 0.94 0.066 0.80 0.75 0.65 

 
 
 
The principal environments that change is seen are easily 
identified as the parental/family environment45, the peer 
group environment46, and the school environment47. 
Within each of these environments, stressor exposure may 
reflect expected, and often, inevitable developmental 
transitions. Such stressors include starting school or the 
birth of a sibling (Trad & Greenblatt43 termed these 
“neutral stressors”). But they may also involve 
conspicuously negative experiences such as traumatic 
illness or loss of a parent. The parameters for stressor item 
selection in the development of a new scale of childhood 
stress were therefore defined within the framework of 
both transitional and traumatic stressors arising from the 
three dominant child environments of parents and the 
family, the peer group, and the school.  
 
Commonly available inventories of stressor experience in 
childhood were first examined by two psychologists to 
identify items matching these parameters (see Appendix C 
for literature). Construction of the initial item list was also 
informed by reference to pertinent theoretical literature48 

49. This process generated a list of 89 potential stressors 
(clearly too lengthy to permit a convenient assessment of 
stress in children without tiring young respondents), which 
was then assessed independently by the two psychologists 
for both redundancies and the age-appropriateness of the 
items for children. This reduced the item list to N = 50. All 
remaining items were then examined for the currency and 
appropriateness of wording for children, bearing in mind 
the evidence for adolescents that idiomatic language for a 
particular age group may change appreciably over time50. 
Items where doubt existed were referred for consideration 
and comment to a small reference group of parents of 7 to 
10 year old children, and wording was modified where it 
was found to be necessary.  
 
The resulting inventory of 50 items then had response 
scaling added. A five point Likert scale was applied to each 
item to assess both occurrence and degree of self-reported 
impact (1 = This didn’t happen to me; 2 = It happened to 
me but it didn’t matter; 3 = It made me a bit upset; 4 = It 
made me quite upset; 5 = It made me very upset). The 

approach allowed the derivation of two (most likely 
related) scales. A parallel dichotomous scale coded 1 (“It 
did not happen to me”) or 2 (all other response categories 
undifferentiated from one another) was also used to 
provide a simple index of stressor exposure only. A 
dimensional scale was also derived to take account of 
“impact” codes (2 to 5) as well as the non-exposure code 
(1), and providing a final scale varying between 1 and 5.  
 
To assist children with interpreting the response key, line-
drawn facial representations with expressions ranging 
from neutral to unhappy were added to the verbal 
instructions and attached to each item. A blank face 
indicated that the item had not been experienced, and a 
neutral face indicated that the item had been experienced 
but was not considered to be of any consequence by the 
child making the rating. Faces reflecting progressively 
greater levels of unhappiness were then used to represent 
the degree of upset which any experienced stressor caused 
each individual respondent. Children were asked to report 
their stressor experience over the past year (12 months). 
While the literature on life events has expressed general 
concern regarding this time-frame for recall, Turner and 
Wheaton consider this to be the standard in studies of the 
kind reported here51. Individual item scores thus spanned 
the range of 1 to 5, while the entire inventory score 
spanned 50 to 250.  
 
The internal structure (and thus the profile of children’s 
stressors) was initially examined by subjecting the CSQ to a 
principal components analysis (PCA) followed by an 
oblique (Oblimin) rotation4. This rotation was used since 
prior experience with the internal structure of an 
adolescent stress measure14 indicated that forced 
orthogonality on intrinsically related dimensions was 
neither theoretically nor methodologically defensible14. 
The PCA revealed five distinct factors – or dimensions – of 
children’s stressors and these are presented in Table 3. 

                                                             
4 Also abstracted from Byrne et al.51  
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Table 3 Subscales arising from the Children’s Stress Questionnaire (CSQ) 

 
Item 
loading 

% of children 
experiencing stressor  

Item 
loading 

% of children experiencing 
stressor 

Scale 1 –  Pervasive Hassles beyond Normal 
Control 

 
 Scale 3 –  The Experience of Transition 

and Change 
 

 

      
Friends in bad moods .575 72.1 Moved house .523 31.2 
Arguments/fights with friends .545 71.8 Someone new in house .493 26.5 
People don't pay enough attention to me  .524 56.1 Moved to a new school .455 20.1 
Touched in a way I don’t like .510 71.5 Older sibling left home .431 16.5 
No-one listens to me  .506 57.3 Teachers hassle me about the way I look .420 22.8 
No-one takes me seriously .478 54.2 Appearance is changing .365 68.0 
Have to do things with people I don’t know .468 54.3 New baby .316 15.4 
Kids at school make fun of me .442 61.0 Alpha = 0.511   
Kids at school threaten me .440 68.5    
Kids at school ignore me .422 67.2 Scale 4 –  Problems in the School  Environment  
Not enough time to have fun .412 53.4   
Something important broken or lost .399 67.1 Schoolwork too hard -.557 49.5 
Too many things to do at the one time .398 61.8 Do not do as well as others at school -.554 49.5 
Have to get up too early  .391 63.7 Teachers don't listen to me  -.553 51.5 
Not  enough money to buy things .391 70.2 In trouble a lot at school -.529 33.5 
Find it hard to make friends .369 49.2 Learn things I am not interested in -.527 61.8 
Have recently been badly sick or hurt .361 64.1 Teachers go too fast to understand -.522 55.6 
Friends want me to be just like them .345 39.8 Too much homework  -.488 48.7 
Best friend recently moved away  .292 49.0 Hard to concentrate at school -.485 57.3 
Alpha = 0.856   Did badly in recent big test  -.419 41.4 
   Alpha = 0.779   

Scale 2 – Relationship with Parents  
     

   Scale 5 – Family dissonance and upheaval   
Parents punish me a lot .681 38.6    
Always in trouble with parents .587 49.1 Parent gets very upset/unhappy -.633 62.8 
Parents put too much responsibility onto me .565 52.5 Death in family -.454 47.9 
Parents  impatient with me .563 65.1 Illness/injury in family -.432 62.2 
Too many rules at home  .546 54.2 Parents argue -.406 56.5 
Parents hassle me about the way I look .472 53.1 Parents split up/divorced -.277 17.6 
Parents liked siblings better than me .457 34.3 Parents away from home a lot -.276 48.7 
Recently told off for not doing homework .372 42.5 Alpha = 0.452   
Alpha = 0.731      
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The emergent factors reflected thematic dimensions of (1) 
pervasive hassles beyond normal control (these are simply 
every-day events, such as “having to get up too early” or 
“being ignored by other kids at school”, which form part of 
the expected and routine experiences of school-aged 
children); (2) relationships with parents; (3) the experience 
of transition and change; (4) problems in the school 
environment; and (5) family dissonance and upheaval.  
 
Table 3 also presents the frequencies with which children 
in the sample affirmed that they had experienced any 
particular stressor over the one year sampling period. 
Frequencies ranged from > 70% for common hassles to < 
20% for specific and potentially traumatic events. 
 
A repeat administration of the CSQ 12 months later 
allowed the structure of children’s stressors to be further 
explored using confirmatory factor analysis (CFA – LISREL 
8.8052). Multiple indicators of goodness of fit for a 5 factor 
model (RMSEA = 0.046, NNFI = 0.960, CFI = 0.960, 
Standardized RMR = 0.048, AGFI = 0.850) demonstrated 
factor stability over 12 months. This temporal stability 
suggested that factors could therefore be used to form the 
basis for scales measuring the experience of children’s 
stressors. As will be discussed later, both the exploratory 
and confirmatory factor analyses produced dimensions 
which were thematically consistent with both theory and 
evidence bearing on the development of children in the 
early school-aged group, giving confidence that these 
dimensions reflected item aggregations based on the 
reality of childhood stressor experience. 
 
Scales representing individual stressor experience were 
then constructed by assigning the relevant factor loading 
to all affirmed items for any factor, and then summing all 
assigned factor loadings across all such affirmed items. 
This procedure has been successfully used in constructing 
similar scales of adolescent stressors14.  
 
Full scale scores demonstrated high internal reliability at 
both intake and follow-up (> 0.9), and individual scales 1, 2 
and 4 all demonstrated acceptable internal reliability (> 
0.7) at both time points. Reliabilities for scales 3 and 5 
were not so high (0.44 to 0.57), suggesting that some 
caution may need to be exercised when using and 
interpreting these scales.  
 

Measurement of depression 

All children were given a modified form of the Children’s 
Depression Inventory (CDI)53. The CDI has demonstrated 
validity and reliability in assessing clinical depression in 
pre-adolescent groups53 54. For the present study items 
indicating conspicuous clinical depression (for example, 
items related to persistent crying, suicidal ideation and 
worthlessness) were removed from the CDI because (a) 
the sample was deliberately unselected for either mental 
or physical dysfunction, and (b) the inclusion of such items 
may have inadvertently induced a negative mood state in a 
sample of otherwise normal 7 to 8 year-olds. This minor 
modification of the original instrument was therefore 

considered fully justified in the context of a study of 
normal children. The modified CDI was therefore reduced 
to 19 items and response choices were limited to two 
(symptom present or absent). It was scored to reflect four 
of the original sub-scales (Negative Mood, Interpersonal 
Problems, Ineffectiveness and Anhedonia), however, 
removal of items as outlined above reduced the fifth sub-
scale, negative self-esteem, to an unviable item content, 
and it was therefore not included.  
 

Measurement of physical activity, fitness and fatness 

To measure physical activity, children wore pedometers on 
their hip for seven consecutive days and a PA index was 
calculated as previously described31. The 20 meter 
multistage run was used as a measure of cardiorespiratory 
fitness (CRF) and has been well-established as a reliable 
felid-test among children55. Body composition was 
measured using dual energy x-ray absorptiometry (DXA, 
Hologic Discovery QDR Series, Hologic Inc., Bedford, MA, 
USA), and QDR Hologic Software Version 12.4:7 was used 
to generate fat mass from which percent body fat (%BF) 
was calculated. 
 

RESULTS 

Developmental trends in psychological wellbeing 

Means and standard deviations of the raw data outlining 
participant characteristics, and body image, depression 
and stress scores are presented in Table 4.  
 

Body Image 

Significant differences between boys and girls were found 
for body image (p<0.001), with girls (M=61.37, SD=19.12) 
reporting more dissatisfaction with their bodies overall 
than boys (M=55.90, SD=18.79).  Significant increases in 
body dissatisfaction were found from grade two through 
to grade six however this was dependent on gender 
(p=0.001), with girls reporting an increase in body 
dissatisfaction and boys reporting a decrease over the 
measured time period. These trends are summarized in 
Table 4.   
 

Depression 

There were no significant differences for depressive 
symptoms reported among the overall sample between 
boys (M=24.25, SD=4.03) and girls (M=24.28, SD=4.06; 
p=0.763). However, a significant decrease in depressive 
symptoms was found for the combined sample between 
grades two and six (p<0.001), but there was no evidence to 
indicate that this decline over time occurred at a different 
rate for boys and girls. A summary of participants 
depression scores over time are depicted in Table 4. 
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Table 4 Means and standard deviations for measured characteristics of boys and girls included in our study at Grade 2, 
Grade 4 and Grade 6.  
 
 Boys  Girls 

 Grade 2 
N=404 

Grade 4 
N=320 

Grade 6 
N=251 

 
Grade 2 
N=385 

Grade 4 
N=292 

Grade 6 
N=235 

Age 8.18 10.07 12.09  8.13 10.02 12.05 

% body fat 22.68(5.88) 24.51(6.56) 24.48(7.23)  27.94(6.33) 29.02(6.64) 27.57(6.41) 

Physical    
Activity Index 108.08(11.06) 102.20(11.22) 98.08(11.44) 

 

97.28(10.08) 93.49(9.40) 91.45(9.29) 

√CRF 
2.0(0.1) 2.3(0.2) 2.5(0.2) 

 
1.8 (0.1) 2.1(0.1) 2.3(0.1) 

Body Image 
55.88(19.88) 56.91(18.6) 54.92(18.02) 

 
58.67(20.03) 61.09(18.54) 64.34(18.78) 

Depression 
25.17(4.26) - 22.86(3.20) 

 
25.10(4.39) - 23.00(3.10) 

Stress 94.86(4.79) - 85.25(5.22)  98.93(4.64) - 89.91(5.06) 
 

Stress 

The negative impact of experienced stressors measured in 
the current study was greater for girls (M=95.54, 
SD=23.71) compared to boys (M=91.22, SD=24.83; 
p=0.002). Children reported a significant decrease in stress 
over time (p<0.001) and this decline occurred at a similar 
rate for both girls and boys between grades two and six. A 
summary of stress scores over time for both boys and girls 
can be seen in Table 4. 
 

Relationships between psychological wellbeing and 

physical activity, fitness and fatness 

Means and standard deviations of the raw data outlining 
participant scores for physical activity (PA), 
cardiorespiratory fitness (CRF) and percent body fat (%BF) 
are presented in Table 4. Due to increasing recognition of 
possible developmental differences in both mental and 
physical health among boys and girls, the following 
analyses were carried out separately for each gender. 
Initial analyses were undertaken with statistical 
adjustments for design variables and a set of established 
risk factors, namely; age, socio-economic status (SES) and 
pubertal development. Further adjustments for %BF were 
made when examining the relationships between 
psychological measures (body image, depression and 
stress) and (a) PA and (b) CRF and further adjustments for 
CRF were made when examining the relationships 
between body dissatisfaction and (c) %BF.   
 

Body Image 

Overall effect 

Girls. In examining the combined effect of the physical 
measures (PA, CRF and %BF) prior to their decomposition, 
CRF was significantly and negatively associated with body 

dissatisfaction (β=-7.64, p=0.006). In addition, the 
association between %BF and body dissatisfaction was 
significant and positive (β=0.47, p<0.001); however, 
physical activity was not significantly associated with body 
dissatisfaction for girls (β=0.04, p=0.574).  
Boys. Physical activity was significantly and negatively 
associated with body dissatisfaction for boys however 
after statistical adjustment for %BF this relationship was 
no longer significant (β=-0.08, p=0.198). The association 
between CRF and body dissatisfaction was significant and 
negative after adjustment for %BF (β=-8.05, p<.001). In 
contrast, the association between %BF and body 
dissatisfaction was significant and positive; however, after 
adjustments for CRF this association was no longer 
significant. (β=0.13, p=0.335). The effects of the 
relationships reported here for both girls and boys are 
depicted in Table 5.  

Between-child relationships   

Girls. At the between-child level (cross-sectional) CRF was 
significantly and negatively associated with body 
dissatisfaction (β=-11.03, p=0.002). In contrast, the 
association between %BF and body dissatisfaction was 
significant and positive (β=0.045, p=0.003). However, 
physical activity was not significantly associated with body 
dissatisfaction for girls (β=-0.05, p=0.612).  
Boys. Among boys, CRF was significantly and negatively 
associated with body dissatisfaction and this relationship 
remained significant after adjustments for %BF (β=-2.41, 
p<.001). The reverse was true for %BF, which was 
significantly and positively associated with body 
dissatisfaction; however, this association was no longer 
significant after adjusting for CRF (β=0.15, p=0.306). 
Physical activity at the between-child level was 
significantly and negatively associated with body 
dissatisfaction for boys; however, after statistical 
adjustment for %BF this relationship was no longer 
significant (β=-0.10, p=0.185). The effects of the 



    

 

120 
 

relationships reported here for both girls and boys can be 
seen in Table 5. 

Within-child relationships 

Girls. The relationship between %BF and body 
dissatisfaction for girls at the within-child level 
(longitudinal) was found to be significant and positive 
(β=0.88, p=0.021). However, no significant relationships 
were found between body dissatisfaction and CRF (β=-
4.96, p=0.211) or PA (β=0.06, p=0.625).   
Boys. No significant relationships were found between 
body dissatisfaction and CRF (β=-1.48, p=0.162), PA 
(β=0.02, p=0.890) or %BF (β=-0.04, p=0.893) among boys 
at the within-child level. The effects of the relationships 
reported here can be seen in Table 5 for both girls and 
boys. 
 

Table 5 Table of effects for total, between-child and within-child 
relationships of body dissatisfaction scores with the key 
explanatory variables physical activity (PA), fitness (sqrtCRF) 
and percent body fat (%BF) 

 
 Boys  Girls 

 β 
values 

SE 
p-

value 
 β 

values 
SE 

p-
value 

PAtotal -0.08 0.06 0.198 
 

0.04 0.07 0.574 

PAc
 

-0.10 0.08 0.185 
 

-0.05 0.10 0.612 

PAw
 

0.02 0.13 0.890 
 

0.06 0.12 0.625 

sqrtCRFtotal -8.05 2.15 <0.001 
 

-7.64 2.76 0.006 

sqrtCRFc
 

-2.41 0.79 0.002 
 

-11.03 3.47 0.002 

sqrtCRFw
 

-1.48 1.03 0.151 
 

-4.96 3.95 0.211 

%BFtotal 0.13 0.13 0.335 
 

0.16 0.04 <0.001 

%BFc
 

0.15 0.15 0.306 
 

0.45 0.15 0.003 

%BFw
 -0.04 0.32 0.893 

 
0.88 0.38 0.021 

* Numbers in cells are means and standard deviation, in brackets  
** The subscript total refers to the effect at the totality of components. The 
subscript c refers to the effect at the between-child (cross-sectional) level. 
The subscript w refers to the effect at the within-child (longitudinal) level 
***Relationships with PA and CRF are adjusted for %BF, and relationships 
with %BF are adjusted for CRF 

 

Depression 

Overall effect 

Girls. Overall, depression was significantly and negatively 
associated with CRF among girls (β=-1.91, p=0.003). 
However, there was no evidence of a significant 
relationship between depression and PA or %BF. 
Boys. Overall, both PA (β=-0.04, p=0.004) and CRF (β=-
1.78, p<0.001) were significantly and negatively associated 
with depression among boys. However, there was no 
evidence of a significant relationship between depression 

and %BF. The effects of the relationships reported here 
can be seen in Table 6 for both girls and boys. 

Between-child relationships 

 Girls. Relationships at the between-child level for 
depression scores with PA (β=-0.04, p=0.045) and CRF (β=-
2.59, p=0.001) were significant and negative. However, 
depression was not significantly associated with %BF 
(β=0.01, p=0.993) among girls.  
Boys. Similar relationships were found for boys at the 
between-child level where depression was significantly 
and negatively associated with PA (β=-0.06, p<0.001) and 
CRF (β=-2.53, p<0.001) but not with %BF (β=-0.01, 
p=0.861). The effects of these relationships for both girls 
and boys can be seen in Table 6. 

Within-child relationships 

Girls. No significant relationships at the within-child level 
were found between depression and CRF, (β=-0.61, 
p=0.498); or %BF (β=-0.03, p=0.690). However, there was 
some evidence to suggest that depression was positively 
related to PA at the within-child level among girls (β=0.05, 
p=0.080). 
Boys. Among boys, no significant relationships at the 
within-child level were found between depression and PA 
(β=0.01, p=0.647), CRF (β=-0.38, p=0.620) or %BF (β=0.05, 
p=0.438). The effects of these relationships for both girls 
and boys can be seen in Table 6. 
 

Table 6 Table of effects for total, between-child and within-child 
relationships of depression scores with the key explanatory 
variables physical activity (PA), fitness (sqrtCRF) and percent 
body fat (%BF) 

 
 Boys  Girls 

 β 
values 

SE 
p-

value 
 β 

values 
SE 

p-
value 

PAtotal -0.04 0.01 0.004 
 

-0.01 0.02 0.458 

PAc
 

-0.06 0.02 <0.001 
 

-0.04 0.02 0.045 

PAw
 

0.01 0.03 0.647 
 

0.05 0.03 0.080 

sqrtCRFtotal -1.78 0.49 <0.001 
 

-1.91 0.64 0.003 

sqrtCRFc
 

-2.53 0.85 <0.001 
 

-2.59 0.79 0.001 

sqrtCRFw
 

-0.38 0.77 0.620 
 

-0.61 0.89 0.498 

%BFtotal 0.01 0.03 0.877 
 

0.01 0.03 0.949 

%BFc
 

-0.01 0.03 0.861 
 

0.01 0.03 0.993 

%BFw
 0.05 0.07 0.438 

 
-0.03 0.08 0.690 

* Numbers in cells are means and standard deviation, in brackets 

** The subscript total refers to the effect at the totality of components. The 
subscript c refers to the effect at the between-child (cross-sectional) level. 
The subscript w refers to the effect at the within-child (longitudinal) level 
***Relationships with PA and CRF are adjusted for %BF, and relationships 
with %BF are adjusted for CRF 
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Stress  

Overall effect 

Girls. Overall, the relationship between Stress and CRF was 
significantly and negatively associated with experiences of 
stress (β=-8.27, p=0.026). However, no significant 
relationships were found for stress and PA (β=-0.03, 
p=0.734) or %BF (β=0.04, p=0.181). 
Boys.  Among boys, experience of stress was significantly 
and negatively associated with CRF (β=-9.54, p=0.002) and 
some evidence was found for a similar relationship with PA 
(β=-0.17, p=0.069). In contrast, there was no evidence of a 
significant relationship between stress and %BF (β=-0.20, 
p=0.812). The effects of these relationships for can be seen 
in Table 7 both boys and girls. 

Between-child relationships   

Girls. Stress at the between-child level was significantly 
and negatively associated with CRF (β=-12.30, p=0.006), 
but no evidence was found for a significant relationship 
with PA (β=-0.10, p=0.452) or %BF (β=-0.07, p=0.705).  
Boys.  Stress was significantly and negatively associated 
with CRF (β=-14.94, p<0.001) and PA (β=-0.35, p=0.001). 
However, no significant association was found between 
stress and %BF (β=-0.19, p=0.350). The effects of these 
relationships for both boys and girls can be seen in Table 7. 
 

Table 7 Table of effects for total, between-child and within-child 
relationships of stress scores with the key explanatory variables 
physical activity (PA), fitness (sqrtCRF) and percent body fat 
(%BF) 

 
 Boys  Girls 

 β 
values 

SE 
p-

value 
 β 

values 
SE 

p-
value 

PAtotal -0.17 (0.09) 0.069  -0.03 (0.09) 0.735 

PAc
 

-0.35 (0.11) 0.001  -0.10 (0.13) 0.453 

PAw
 

0.40 (0.20) 0.045  0.09 (0.17) 0.620 

sqrtCRFtotal -9.54 (3.01) 0.002  -8.27 (3.70) 0.026 

sqrtCRFc
 

-14.94 (3.59) <0.001  -12.30 (4.42) 0.006 

sqrtCRFw
 

-0.71 (4.58) 0.878  -0.11 (5.28) 0.983 

%BFtotal -0.20 (0.19) 0.812  0.04 (0.18) 0.812 

%BFc
 

-0.19 (0.20) 0.350  -0.07 (0.19) 0.705 

%BFw
 0.04 (0.43) 0.932  0.56 (0.46) 0.225 

* Numbers in cells are means and standard deviation, in brackets 

** The subscript total refers to the effect at the totality of components. The 
subscript c refers to the effect at the 
***Relationships with PA and CRF are adjusted for %BF, and relationships 
with %BF are adjusted for CRF 

 

 

Within-child relationships 

Girls. No significant relationships at the within-child level 
were found between stress and PA, (β=0.09, p=0.624), 
CRF, (β=-0.11, p=0.983) or %BF (β=0.56, p=0.225).  
Boys.  At the within-child level, the relationship between 
stress and PA was significant and positive for boys (β=0.39, 
p=0.046). No significant relationships were found between 
stress and CRF, (β=-0.71, p=0.878) or %BF (β=0.04, 
p=0.932). The effects of these relationships for both boys 
and girls can be seen in Table 7. 
 

Effects of the PE intervention on psychological 

wellbeing  

In addition to the LOOK study’s major years of 
measurement, which occurred at two year intervals (grade 
two, four and six), follow-up measures for psychology were 
also collected approximately 12 months after baseline. 
Therefore, in addition to the major analyses conducted on 
data collected at two year intervals, we have chosen to 
analyse change between measures taken at baseline and 
12-month follow-up with body image, depression and 
stress scores as the response variables in order to 
eliminate the statistical complication that arises from 
dependencies associated with the repeated measures 
nature of these data. However we included School as a 
random factor to allow for the possibility of a School 
(cluster) effect on the changes in the body image, 
depression and stress scores. 

Body Image 

Significant differences between the intervention and 
control group were found for the initial change in body 
dissatisfaction measured at baseline (grade two) and after 
approximately 12 months of the intervention (grade 
three). While the intervention group showed a -0.71 unit 
mean decrease in overall body dissatisfaction, the control 
group reported a 3.01 unit increase, representing a 3.72 
unit difference between the groups (p=0.042). This analysis 
included adjustments for any effect of variation in the 
initial (grade 2) measure of body dissatisfaction on these 
differences and included school as a random factor to 
allow for the possibility of a School (cluster) effect on the 
changes in body dissatisfaction.  
 
When analysing change separately for girls and boys and 
with further adjustments for %BF, there was some 
evidence for a difference between groups, with girls of the 
intervention group reporting a -1.26 unit decreased in 
overall body dissatisfaction, whilst girls of the control 
group reported a 2.50 unit increase in body dissatisfaction 
(p=0.088). Stronger evidence was found at the subscale 
level, where significant differences between the 
intervention and control groups were found for the 
perceptions of self subscale, with the intervention 
reporting a -0.32 unit decrease in body dissatisfaction, 
whilst the control group reported a 0.89 unit increase in 
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body dissatisfaction (p=0.031), as seen in Figure 2. No 
significant differences were found between boys of the 
intervention or control groups after adjusting for %BF.  
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Figure 2  Changes in body image (Self-perception) between 
baseline and 12 month  follow-up for girls of the intervention 
and control groups. 

 
Despite these early differences, mixed model analyses 
using the major years of measurement (grades two, four 
and six) revealed that the positive effects of the 
intervention on body dissatisfaction were not sustained 
over time and no significant differences were found 
between the intervention and control group for combined 
data or for girls and boys separately.  
 

Depression 

When analysing the initial change in depression measured 
at baseline (grade two) and after approximately 12-months 
of the intervention (grade three), no significant difference 
were found for overall depression, however, significant 
differences were found at the subscale level for 
ineffectiveness. These differences indicated that the mean 
decrease in depressive symptoms for the intervention 
group was -0.27 units more than the control group 
(p=0.005). This analysis included adjustments for any 
effect of variation in the initial (grade 2) measure of body 
dissatisfaction on these differences and included school as 
a random factor to allow for the possibility of a School 
(cluster) effect on the changes in body dissatisfaction.  
 
When analysing change separately for girls and boys, 
significant differences remained among boys for 
ineffectiveness scores and indicated that the mean 
decrease in depressive symptoms for the intervention 
group was -0.24 units more than the control group 
(p=0.039). Among girls, there was some evidence of a 
similar trend, whereby the mean decrease in depressive 
symptoms relating to the ineffectiveness subscale for the 
intervention group was -0.25 units more than the control 
group (p=0.093). 
  
Despite these early differences, the positive effects of the 
intervention on depression for the overall sample were not 
sustained over time and no significant differences were 

found between the two groups from the beginning (grade 
two) to the end (grade six) of the study.  
 
However, when investigating these effects on boys and 
girls separately, significant differences in depression scores 
between grades 2 and 6 were found among girls of the 
intervention and control groups, indicating that girls in the 
control group reported a greater decrease in depressive 
symptoms over time than girls in the intervention group. 
While there was some evidence among girls of this effect 
for Full scale depression (p=0.052), the most compelling 
evidence for differences between groups occurred at the 
subscale level for ineffectiveness (p=0.007) and 
interpersonal (p=0.017) depression, as seen in Figure 3a 
and 3b.  
 
Among boys, no significant differences for depression 
were found between the intervention and control group 
from grade two to grade six. 
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 Figure 3a Changes over time for the interpersonal subscale 
among girls of the intervention and control groups  
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 Figure 3b Changes over time for the Ineffectiveness subscale 
among girls of the intervention and control groups 
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Stress 

No significant differences in experiences of stress were 
found between the control and intervention groups over 
time for the combined sample, or when separated by 
gender. 
 

DISCUSSION 

 
The findings from the psychological component of the 
LOOK Study can be discussed under the three inter-related 
headings of: (a) psychological well-being and its 
development in children over time; (b) the relationships 
between psychological well-being and measures of body 
size, physical activity and fitness; and (c) the effects of the 
Bluearth intervention on measures of psychological well-
being over time. For the first of these purposes, two scales 
were constructed to measure the relevant constructs – the 
Children’s Stress Questionnaire (CSQ) was developed ab 
initio to assess children’s exposure to stress and their 
perceptions of its impact, and an existing body image scale 
was modified to fit it more directly to the attitudes and 
experiences of children as young as seven years. Both 
psychometric exercises, undertaken with full regard to 
established psychometric methodology, yielded scales 
which were at one and the same time, thematically 
sensible, reliable and valid. 
 

Development of psychometric scales 

The construction of the CSQ resulted in the emergence of 
five (relatively) independent scales representing the 
stressor areas of (a) pervasive hassles, (b) relationships 
with parents, (c) transition and change, (d) the school 
environment, and (e) family dissonance and upheaval. 
Aside from the now established psychometric qualities of 
these scales (reliability and validity), the item contents 
defining their (relative) independence is wholly consistent 
both with the existing literature on stressor experience in 
children and with relevant theory in the developmental 
psychology of young children. The development of the CSQ 
has now been published56 and the instrument can be 
accepted as a valid index of stress in relation to later 
analyses of LOOK data on fitness and body size. 
 
The same may be said for the further development of the 
scale to assess body image in young children. While this 
was based on the item content of an existing scale (the 
Body Self-Esteem Scale32), modifications were believed 
necessary, as outlined earlier, in order to fully match the 
inquiry to the particular experiences and perceptions of 
children seven to eight years old. The resulting scales 
reflected (a) self perceptions, (b) perceptions of others, (c) 
perceptions of physical abilities, and (d) perceptions of 
appearance. Once more, the scales were psychometrically 
valid and reliable, but equally importantly, the item 
content of each was consistent with the available 
literature, providing confidence that subsequent analyses 
of the data in relation to other variables would be based 

on an accurate reflection of perceptions of children’s body 
image. 
 

Developmental trends in psychological wellbeing 

The application of these scales, together with the 
Children’s Depression Inventory (CDI), yielded both gender 
and developmental trends which were again largely 
consistent with expectations based on existing literature. 
At intake, girls expressed greater dissatisfaction with body 
image than did boys, and this broad gender difference has 
been observed in past studies57. However, as the study 
progressed over time, this level of body dissatisfaction in 
girls increased, while for boys the reverse trend was 
apparent. Previous studies have documented increases in 
body dissatisfaction as children transition from childhood 
to adolescences58, however, body satisfaction tends to 
stabilize among older adolescents and young adults59 
except among those with specific conditions impacting 
negatively onto body image (e.g. eating disorder60). No 
data were collected on such disorders and so no conclusive 
explanation can be given to this finding. It does, however, 
present a cautionary reminder that perceptions of the 
body – and particularly negative perceptions – are 
assuming an increasing importance in the 21st Century, at 
least partly fuelled by media representations of the “ideal” 
female body61, and it indicates a need for developmental 
clinicians (medical and non-medical alike) to be sensitive to 
issues of body image when dealing with children. 
 
No gender differences were evident for depression scores, 
and while this is an encouraging finding, it is also a 
somewhat surprising one. Gender differences in 
depression (females higher than males) has been a 
common and long-standing finding for both adult62 and 
adolescent samples63, and the absence of such differences 
in children is curious. A number of explanations may be 
put forward for this finding. The first, of course, is that at 
such a young age, gender differences in depression which 
might arise in response to continuing social development 
with increasing age, have not yet had time to become 
manifest. This idea has been supported by previous 
literature, where the emergence of gender differences was 
reported to occur during adolescence63.  Another 
explanation is that children’s responses to the CDI early in 
the LOOK Study did not reflect a real appreciation of the 
intent of the questions (though the developers of the CDI 
have argued that it is appropriate for children as young as 
seven) and so the lack of a gender difference may be 
entirely spurious. This possibility is perhaps reinforced by 
the finding that depression scores among both boys and 
girls actually decreased with age, leading to the suggestion 
that as children mature socially and linguistically, their 
concepts of depression become more sophisticated, and 
they become in turn more discriminating in their 
responses to self-report instruments of the phenomenon. 
 
Gender differences were, however, evident on responses 
to the CSQ, and these were in line with expectations. 
Adolescent girls typically report higher levels of stressor 
exposure and higher perceptions of stressor impact than 
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do adolescent boys14, and the same finding was apparent 
with children. This underscores the need for health 
professionals to be sensitive to the stress experiences of 
girls, in particular, in making health assessments. 
Interestingly however, reports of stressor experience in 
children appeared to decrease over time. There is no 
obvious reason why this should have occurred. Given the 
literature on stress in young people64 there is nothing 
which would lead to an expectation of a systematic 
decrease in stressor exposure over time – indeed, the 
reverse might be expected as children’s lives take on 
additional complexities with development. It is possible 
that the relative surfeit of stressors among younger 
children may be accounted for by the occurrence of very 
particular kinds of stressors (for example, the birth of new 
siblings, or financial and/or occupational stressors in 
parents which might translate into stressor experience for 
children) but this will rest with further analyses of the 
data. 
 

Relationships between psychological wellbeing and 

physical activity, fitness and fatness 

 
Associations between measures of physical activity, fitness 
and body size, and measures of psychological well-being, 
are neither uncommon nor unexpected. In general terms, 
poor levels of physical activity, fitness, and body size, 
either noticeably above or below population norms, go 
hand in hand with lower levels of psychological well-
being65 66. These associations were certainly evident in the 
LOOK Study data. 
 
Three objective measures of children’s physical attributes 
– physical activity (PA), cardiorespiratory fitness (CRF), and 
percent body fat (%BF) – were employed in the LOOK 
Study (and these have been outlined in more detail 
above). Associations with measures of psychological well-
being were largely, but not completely, as expected. Given 
gender differences which were evident in many aspects of 
psychological well-being, the analyses were conducted 
separately for girls and boys. 
 
At the between-child level, perhaps the strongest and 
most consistent associations were with the measure of 
body image (body dissatisfaction). Girls with high levels of 
CRF and low %BF tended to report greater satisfaction 
with their bodies (positive body image) than those in 
poorer physical condition, though there was no association 
between body satisfaction and PA. The same was evident 
for boys in regard to CRF, where higher levels of CRF were 
associated with higher body satisfaction. Boys also showed 
an association between body satisfaction and PA – the 
more physically active the boys, the more satisfied they 
were with their bodies – but this appeared to be mediated 
by %BF. This is not at all surprising, and certainly in line 
with the existing evidence65, that both boys and girls who, 
through a focus on physical activity, are “in tune” with 
their bodies, are also more comfortable in their 
perceptions of body image. And once more, it underscores 
the importance of physical activity and fitness on the 

psychological and emotional development of young 
children.  
 
These effects on body image, however, became rather less 
prominent at the within-child level. As the children in the 
LOOK study were followed up over four years, measures of 
physical activity, and fitness were less persuasively related 
to developing well-being. It is possible that with continued 
psycho-social development, other influences on 
satisfaction with body image assumed a greater 
importance in the children’s lives – the process of 
emerging body image in children is clearly a complex 
one37. The LOOK Study did not, however, provide the kinds 
of data which would allow further exploration of this 
finding, and it is one which remains open to future 
investigation. However, strong evidence was found for girls 
at the within-child level for a positive association between 
body dissatisfaction and %BF. These findings are not 
surprising and may be an indication of the increasing 
pressures experienced by girls to achieve the thin ideal 
that so often portrayed by the media60.   
 
Associations between physical activity, fitness and body 
size, and the measure of depression, were not dissimilar. 
High CRF was related to low levels of depression in both 
boys and girls, and the association extended to PA in boys. 
However, %BF was not related to depression in either 
gender. While there is less evidence on physical activity 
and depression in children, the literature on adults 
certainly indicates physical activity (and by implication, 
fitness) both as a protection against depression and as a 
component of treatment in those with depression67, and 
there is no reason not to believe that the mechanisms 
underlying this phenomenon in adults have their origins in 
children. This interpretation of the finding is unfortunately 
weakened since the associations do not appear to be 
sustained at the within-child level. 
 
The use of stress as the measure of psychological well-
being showed a very similar pattern of results to 
depression. This too is not surprising since a multitude of 
past work has consistently linked the experience of stress 
to depression, at least in adults68 and adolescents14. But as 
with depression, the associations between fitness and 
body size measures, and the experience of stress, were not 
sustained at the within-child level.  
 
The psychological component of the LOOK Study 
developed robust psychometric scales of stress and body 
image in children, and then demonstrated a set of 
cohesive and coherent associations between these scales 
(along with an established scale of childhood depression) 
and sound, objective measures of body size, physical 
activity and fitness. These associations were most evident 
for fitness measures (CRF) but, somewhat less evident for 
the measure of body size (% BF). However, associations 
which were quite evident cross sectionally between 
children were not sustained in longitudinal analyses at the 
within-child level. And this is disappointing for two 
reasons. First, the lack of persuasive longitudinal 
relationships precludes any claims of causality in regard to 
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physical activity, fitness or body size and subsequent 
measures of psychological well-being. But second, this lack 
of a “predictive” association does not allow a confident 
translation of the evidence into guidelines for future 
intervention aimed at using promotion of physical fitness, 
at least, as a means of facilitating good psychological well-
being into the future. 
 

Effect of the Bluearth intervention on psychological 

wellbeing 

The LOOK Study did, of course, include its own 
intervention. The Bluearth Program was a fully integral 
part of the Study from the outset, and it aimed to examine 
whether intervention at the level of physical activity and 
structured exercise could achieve a demonstrated and 
durably positive effect on the future health and well-being 
of Australia’s children. The role of the Bluearth Program in 
regard to influencing markers of future physical health is 
examined in other chapters in this Report. The 
performance of the Program in regard to psychological 
well-being is, however, a matter for this chapter.  
 
Positive effects of the Bluearth intervention on body 
dissatisfaction were found for girls, but only in the early 
stages of the study, with reports of dissatisfaction 
significantly decreasing (particularly in relation to self-
perceptions) among those in the Bluearth Program over 
the first year of its implementation relative to those in the 
control group. This early and very promising result was 
not, unfortunately, carried through to the remainder of 
the study – and in fact there were no significant 
differences between the intervention and control groups 
for either girls or boys at the end of the study. 
 
With regard to depression, the strongest indication of an 
effect of the intervention was with the Ineffectiveness 
Sub-scale of the CDI. Separate analyses for boys and girls, 
however, showed that the beneficial effect of the 
intervention was limited to boys only (and then only where 
the Ineffectiveness Sub-scale reflected depression). 
Overall, the effect of the Bluearth intervention on 
depression – minimal as it was – was not sustained over 
time, and in fact, separate analyses by gender revealed 
that among girls, the reported decreases in depression 
that occurred between grades two to six were significantly 
greater among the control group. Therefore, the factors of 
the Bluearth program that were influencing psychological 
wellbeing during the first year of the intervention were not 
producing the same effect in subsequent years and this 
should be of interest to program developers. We propose 
two interpretations of these findings. Firstly, it is possible 
that the intervention did no evolve to fit the changing 
motivations and developmental needs of the child, and 
secondly, initial improvements may have been the result of 
novelty effects, whereby children may have responded 
with excitement, energy and enthusiasm, which in turn 
may have contributed to positive change rather than 
aspects of the program itself. 
 

There was, unfortunately, no significant intervention effect 
on the reported experience of stress for either girls or 
boys, and at any time-point in the study.  
 
The most that can be concluded in regard to the Bluearth 
Program from this (psychological) component of the LOOK 
Study is that the intervention had a small, time-limited and 
gender-specific influence on the psychological 
development of those children participating. For different 
reasons, a stronger influence for the good might have 
been anticipated on both body image and depression. In 
the former case, the Bluearth Program, with its emphasis 
on student-centered learning and use of co-ordination 
work and dynamic and static movement control, may have 
reasonably been expected to alert children to the 
developing abilities of their bodies and to have exerted a 
carry-over effect onto their positive perceptions of their 
bodies. But this does not seem to have emerged from the 
study. In regard to the latter, the already demonstrated 
co-variation in adults of physical activity (part of the 
Bluearth Program,) and positive mood69, may have equally 
reasonably been expected to generalize to the experience 
of positive mood in children. But once more, the results 
presented here do not confirm that expectation. It should 
be acknowledged however that the LOOK study also found 
little evidence of an intervention effect on PA, CRF or %BF 
among children receiving Bluearth. This lack of significant 
change in physical measures among intervention children 
may partially explain the absence of an intervention effect 
on psychological well-being, particularly given the 
evidence supporting strong relationships among physical 
and psychological variables in the current study.   
 
Several possibilities might go towards explaining these 
somewhat disappointing findings. First, the Bluearth 
Program is based on a generalized set of activities and 
does not have a specific psychological focus. The 
development of psychological well-being in young children 
is a complex and multi-faceted phenomenon and may not 
have been responsive to a program without a specific 
reference to such potentially important areas as coping 
skills, relaxation strategies, and cognitive approaches to 
the interpretation of potential stressors. Second, the 
analyses have not yet examined the possibly confounding 
effects of other events in some of the children’s lives 
(traumatic stressor experiences, for example) on state 
measures of well-being, and this should be one focus for a 
further examination of the data. And finally, the implicit 
assumption that all children start with a base level of 
physical ability or awareness which would have allowed 
them to take full advantage of the Bluearth Program might 
not have been borne out in the reality of the sample. It is 
therefore possible that some children, less able than 
others in this regard, may actually have been discouraged 
by their involvement in the program, and that this may 
have exerted a negative effect both on body image and 
mood. The data are still rich and remain to be more fully 
analyzed. It is therefore very likely that as this analysis 
progresses, co-variations between children’s participation 
in the Bluearth Program and the intricate development of 
their psychological well-being could still emerge. 
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What is known on this topic 

• Psychological attributes of young and developing 
children play a role in determining overall states of well-
being in later life and stress, body image and depression 
figure prominently in this. 

 
• Poor levels of physical activity, fitness, and body size, 

either noticeably above or below population norms, go 
hand in hand with lower levels of psychological well-
being. 

 
• Previous intervention studies at the level of physical 

activity and structured exercise have been able to 
achieve a number of short-term improvements in the 
psychological well-being of children; however the 
methodological quality of the majority of these studies is 
questionable and there is an obvious need for 
longitudinal investigations which utilise reliable 
measures of both PA and psychological wellbeing.  

 

What this study adds 

• The psychology component of the LOOK study developed 
robust psychometric scales of stress and body image in 
children and then demonstrated a set of cohesive and 
coherent associations between these scales (along with 
an established scale of childhood depression) and sound, 
objective measures of body size, physical activity and 
fitness, which produced the following findings. 

 
• Girls with high levels of CRF and low %BF reported 

greater satisfaction with their bodies (positive body 
image) than those in poorer physical condition, though 
there was no association between body satisfaction and 
PA. 

 
• Boys with higher levels of CRF reported higher body 

satisfaction. Boys also showed an association between 
body satisfaction and PA – the more physically active the 
boys, the more satisfied they were with their bodies – 
but this appeared to be mediated by %BF. 

 
• High CRF was related to low levels of depression and 

stress in both boys and girls, and the association 
extended to PA in boys. However, %BF was not related to 
depression or stress in either gender. 

 
• The Bluearth intervention had a small, time-limited and 

gender-specific influence on the psychological 
development of those children participating. 

 
• Bluearth had a positive effect on body dissatisfaction for 

girls, who reported a decrease in body dissatisfaction, 
but only during the first year of the intervention being 
implemented. No significant differences between the 
intervention and control groups were found for either 
girls or boys at the end of the study. 

 
• The beneficial effect of the intervention on depression 

was limited to boys only (and then only where the 
Ineffectiveness Sub-scale reflected depression). This 
effect was only found during the first year of the 
intervention being implemented and was not sustained 
over time. 

 
• No significant intervention effect was found on the 

reported experience of stress for either girls or boys at 
any time-point in the study.  
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ABSTRACT 

Background:   Physical inactivity and obesity are 
presenting as threats to the development and health of 
children. Increasing physical activity is likely to require 
efforts from several sources, including the family, where 
attitudes and actions have been linked with physical 
activity levels of the children.   
 
Objective:  To investigate associations between (a) 
parental or guardian behavior and attitudes and (b) child’s 
participation in community organized sport with the 
physical activity, fitness and adiposity of the children 
 
Methods:  Two questionnaires were completed by 
parents, one early in grade 3, 2006 and another in grade 6, 
2009.  Physical activity (PA, 7-day pedometers), fitness 
(multi-stage run test) and percentage of body fat DEXA) 
were measured close to questionnaire administration and 
(7-day) accelerometers were employed in 2009 only. 
Parental influence on PA was determined from questions 
relating to travel provision and parental discussions of 
importance of PA.  Further questions addressed the 
parents’ participation in PA and perception of its 
importance, the time their child spent in front of a TV or 
computer screen, and whether their child belonged to a 
sporting club. 
 
Results:  For the boys, parental influence on PA was 
associated positively with their child’s PA and fitness and 
negatively with %BF. Sports club membership (positively) 
and screen time (negatively) were also related to both PA 
and fitness. For the girls, the parent’s influence and 
parental perceptions of the importance of PA were both 
associated with their daughter’s fitness and although not 
related to overall PA, parental influence was related to 
their daughters’ moderate and vigorous levels of PA. 
Parental advice to girls appeared to be more effective than 
in boys, especially over the last two years. Participation in 
organized sport was associated with increased fitness in 
the girls, and reduced adiposity in the girls, but there was 
no evidence of any relationships with screen time. 

 
 
Conclusions: These data support previous findings of the 
importance of out-of-school activities and parental 
attitudes on the PA, fitness and body composition of 
healthy non-selected Australian children. Given that levels 
of physical activity and fitness are associated with 
attitudes and actions on the home front, in the sporting 
club, and at school (see section on Academic Performance 
and Physical Education), it seems that parents, coaches 
and teachers all play collaboratively influential roles in 
developing the physical activity habits, body composition 
and fitness of our children.  
 
 
Number of measurements 

 
Measurements Boys Girls 

    

Grade 2 
(2005) 

Questionnaire 1 
Body composition (DXA) 
PA (pedometers) 
Cardiorespiratory fitness 
 

423 397 

Puberty Assessment NM NM 

    

Grade 6 
(2009) 

Questionnaire 2 
Body composition (DXA) 
PA (pedometers and 
accelerometers) 
Cardiorespiratory fitness 
 

423 387 

Puberty Assessment 270 247 

    

NM = Not measured 

INTRODUCTION 

Understanding the factors influencing a child’s physical 
activity (PA) can assist the development of strategies to 
increase their PA. The American College of Sports Medicine  
recommendation is that children should participate in one 
hour of moderate or vigorous physical activity (MVPA) per 
day to promote optimal health, development and body 
composition1.  
 
There are several areas that seem to offer the best 
opportunities to influence children’s PA, each involving 
adults. The school is one such influence, principals and 
teachers being the primary sources of influence and we 
have suggested elsewhere in this report the existence of a 
school cultural effect on PA. There are significant 
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differences in average PA between schools, even within 
the relatively homogeneous set of suburbs in which the 
schools are situated, and even though all are government 
funded with a common pool of teachers and principals.  
  
A second potential source of influence is the family home, 
and parents are obviously a major influence on the 
behaviour of their children. One recent review2 reported 
that most studies demonstrated positive associations 
between parent social support and youth physical activity. 
These authors concluded that overall, parental social 
support demonstrated positive effects.  Such support 
included paying fees, transporting children, participating in 
the activities with the children, watching them play, 
general encouragement, and discussing the benefits of PA.  
Another recent review3 indicated that PA levels of children 
tended to reflect those of their parents, this being true for 
moderate and vigorous physical activity (MVPA) but they 
did mention that future studies were needed to confirm 
findings with objective measures.  
 
A third potential influence is the sporting team coach. This 
influence may be tied in with the motivation provided by 
sporting role models and their teams, but the personal 
coach of a child is likely to influence PA through the 
enjoyment provided by training and playing in a team.  
 
In this study we sought to determine the extent of family 
influence on the child’s general day to day PA, MVPA and 
cardiorespiratory fitness (CRF). Of particular interest were 
the parents’ or guardians’ perceptions of the importance 
of PA, their provision of transport to PA venues and 
watching their child play sport, and whether direct 
instruction of benefits of PA played any role. We were also 
interested in the relationship between the children’s 
physical activity and fitness with the amount of organised 
sport played and how much time was spent with 
computers and watching TV. Given that pubertal 
development and socioeconomic status are known to be 
associated with PA and CRF we measured and adjusted for 
these variables to avoid any confounding issues.   

METHODS  

Physical activity was measured using pedometers (Walk 4 
Life, Plainfield, IL, USA) over seven consecutive days, from 
which a physical activity index, the square root of the best 
representative of average daily step count was calculated, 
as described elsewhere4. Accelerometers (Actigraph GTIM, 
Pensacola, FL, USA) were used simultaneously with the 
pedometers in the final year, being positioned on a belt 
around the waist in line with the right knee. Moderate and 
vigorous physical activity (MVPA)  was defined as counts 
greater than 2296 per minute based on recommendations 
5, using an epoch length of 60 seconds. The first day’s data 
were discarded for both accelerometer and pedometers to 
minimize any potential reactivity. Days of accelerometer 
data were included if there were 10 or more hours of 
activity; an hour being considered invalid if there were 
more than 30 zero counts in a row (30 minutes of non-
wear time). The accelerometer data were confined to 

weekdays and data were analyzed using Meterplus 
software (San Diego State University, in partnership with 
Actigraph). Cardiorespiratory fitness was measured using 
the 20m multistage run, a well-established field test with 
children6. 
 
Pubertal development was a self-assessment of Tanner 
stages7 using diagrams based on those previously 
described 8. In grade 4, the parents were asked to organize 
this measure and together with the return of the sealed 
envelopes. In grade 6, following poor compliance in grade 
4, this procedure was supervised by an experienced 
teacher, with close to 100% compliance. 
 
Socioeconomic status (SES) of the suburbs in which the 
schools were centered was obtained from Australian 
Bureau of Statistics published records9.  
 
The majority of physical activity measures were completed 
in the latter three months of 2005 and 2009. A 
questionnaire was presented to each child’s family early in 
2006 and again in 2009, the relevant questions of which 
are set out in Table 1. 
 

Table 1   Questions asked of the parents or guardians. 

 
Perception of importance of PA 
Parents/guardians were asked to tick one of five options 
indicating a graded response to the importance. 
 
• How important to you is it for your child to participate 

in physical activity and/or sport outside of school? 
 
(very unimportant, unimportant, neither important nor 
unimportant, important, very important)  
 

• How important is it to set time aside for regular 
physical activity for yourself? 
 
(very unimportant, unimportant, neither important nor 
unimportant, important, very important)  
 

Parental influence on child’s PA 
Parents/Guardians were asked to indicate by ticking a box 
listing the number of hours or instances that most closely 
represented their situation. 
 
• How often in the last month have you:  
• Provided transport for your child to do physical activity 

or sport  
• Watched your child being physically active or playing 

sport  
• Talked about the benefits of doing physical activity or 

sport  
 

Screen time 
• On a school day, how many hours of television, 

computers or electronic games does your child watch? 
           
Time allocated to organised sport 
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• In boxes representing each day of the week, parents 

were asked to list the main organised physical activities 
and the duration of their child’s organised sport over 
the previous two weeks or that which will occur in the 
next two weeks, so providing a fair representation of 
the child’s typical week.  

 
 

Statistics  

The LOOK general linear mixed statistical model 
formulated to study relationships at the between-child 
level as well as at the within-child (temporal) level was 
employed in the analysis of the binary and categorical data 
associated with this section of work, along with those data 
for PA, CRF and %BF as carried out in almost every section 
of this report. Where necessary, variables were scaled to 
better meet linearity assumptions and general model 
checking procedures were routinely used to identify 
aberrant data and to check the model assumptions. 
Statistical computation was undertaken using the 
statistical package Genstat. 

RESULTS 

 
Table 2 summarizes characteristics of the participants in 
this study as measured initially. 
 

There were no significant within-child relationships 
between any of PA, CRF, MVPA, %BF and any of the 
explanatory variables investigated. 
 
Table 3 summarizes the between-child relationships that 
occurred for boys and girls separately between the 
response variables PA, CRF, and MVPA and explanatory 
variables parental influence, and the parents’ perceived 
importance of PA. Also included in this table are the details 
of relationships of other family related influences with PA, 
CRF, MVPA, namely the time spent playing sport, and 
membership of a sports club, as well as time spent in from 
of a computer or TV screen. 
 
For the boys, the parental Influence (travel provision, 
watching and discussing importance of PA) and the 
parents’ own perceived importance of PA were 
significantly associated with their child’s PA and CRF; and 
organized sport time was also associated with the 
children’s level of PA. Sports club membership (positively) 
and screen time (negatively) were also related both PA and 
CRF. The boys’ parental influence toward their child’s PA 
was also related (negatively) to the child’s %BF.  
 
 
 
 
 
 
 
 
 

Table 2 Comparison of the groups at baseline; means and standard errors 

 
BOYS  GIRLS 

 2006 
mean, SD 

2009 
mean, SD 

 2006 
mean, SD 

2009 
mean, SD 

      
Age (yr) 8.5, 0.3 11.5, 0.3  8.5, 0.3 11.5, 0.3 

Height (cm) 136, 5.8 153.6, 7.6  134.7, 5.7 154.1, 6.9 

Body Mass Index kg/m2) 17.5, 2.4 19.5, 3.2  17.7, 2.8 19.6, 3.4 

Weight (kg) 32.5, 5.9 46.3, 9.8  32.3, 6.8 
 

46.8, 10.3 

  
Medians and percentiles (5%, 95%) 

 
Physical activity Index 
(√steps/day) 

78.8,99.2,118.2 78.5,98.0,116.5  73.9,89.7,105.7 77.1,91.4,106.5 

√cardiorespiratory 
fitness (run stages) 

2.30,4.6,8.00 
 

2.88,6.2,10.09 
 

 2.28,3.60, 6.52 3.00,5.22.8.92 

MVPA, min/day, 08-09 Not Assessed 11.0, 40.00,100  Not assessed 7.0, 30.0,84.3 

%BF Not Assessed 14.2, 23.5, 38.6  Not assessed 18.3, 26.6, 39.5 

There were no significant differences between the intervention and control groups at baseline for any variable in either boys or girls 
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Table 3 Relationships between PA, CRF, MVPA and Parent influence, Parent perception of importance of PA, time spent on organized 
sport, sports club membership, and screen time, and socioeconomic status of the school district.  All adjusted for SES 

 Parent 
Influence 

Parents perception 
of importance 

Organized Sport time 
Sports Club 

membership 
Screen Time 

 β, SE, p value β, SE, p value β, SE, p value β, SE, p value β, SE, p value 
BOYS      
PA 0.98,0.24, <0.001 2.19, 0.67, 0.001 <0.001 5.0,1.5, <0.001 -2.7, 1.67,.02 

CRF 0.03,0.009,<0.001 0.08,0.02, <0.001 NS 0.19,0.05,<0.001 -0.10,0.04,0.03 

MVPA 0.12,0.06, 0.07 0.30,0.19,0.12 NS 1.7, 0.45, <0.001 NS 

%BF -0.019,0.008,0.02 p=0.5 NS .5 NS NA 0.07,0.04, 0.07 
      
GIRLS      
PA 0.36,.024, 0.13 p=.025 p=0.23 p=0.85 P=0.7 NS 

CRF 
0.02,0.008,0.007 0.04,0.02,0.02 Some 0.11,0.03,0<.001 0.11Yes,0.03,0.001 -0.050,0.3,0.13 

MVPA 0.15,0.06,0.02 0.21,0.17,0.23 NS Some0.48,0.21,0.03 0.76 yes,0.32,0 .02 p=0.6 

%BF  -0.009,.006,0.19 0.24 NS p=0.002 NA 0.35 NS 
For boys n=423 in grades 4 and 6; and for Sport Club n=268 in Grade 4 and N=202 in grade 6 
For girls n=397 in grades 4 and 6; and for Sport Club n=265 in Grade 4 N=212 in grade 6 

 
 

Table 4 Descriptive statistics related to the questionnaire responses 

  Boys Girls 

  2006 N=133 2009 N=233 2006 N=135 2009 N=213 

Sports Club 
Membership (%) 79% 84% 65% 71% 

Screen-time (hr/d) 
2.4 2.7 2.4 2.5 

 Medians and percentiles (5%, 95%) 
 

Organised PA 
(min/week) of those in clubs 30, 150, 650 

 
40,200,700 

 
30, 135, 510 

 
45, 180, 680 

 

Total PA (accelerometer counts/d)/100 
(participants in organised sport) NM 

2075,3877, 6524 
n=108 

NM 
1886, 3389, 6375 

n=112 

Total PA (accelerometer counts/d)/100 
(non-participants in organized sport) 
 

NM 
1766, 3533, 7846 

n=32 
NM 

1568, 2873, 4783 
n=29 

NM = Not measured 

 
For the girls there was no evidence of any relationships 
with the general pedometer-measured PA, but parental 
influence was associated with their child’s MVPA. However 
the parent’s influence and their own perceptions of the 
importance of PA were both associated with their child’s 
CRF.  
 
A separate analysis of the relationship between parental 
discussions with their child of the importance of PA and 
MVPA revealed a significant relationship (beta 0.25 SE 
0.11, P=.02), a test of co-linearity revealing this effect took 
place over the final two years. This was accompanied by a 

trend toward an association between parental discussion 
of importance of PA with increased CRF (p=0.09).  (There 
was no evidence of any corresponding relationships in the 
boys). Also associated with the girls' CRF was the organized 
sport time and their membership of a club, and screen 
time was weakly (and negatively) linked to CRF in the girls. 
The girls’ participation in organized sport was also related 
(negatively) to their %BF.  
 
Table 4 shows that membership of sports clubs tended to 
be higher in boys than in girls, as was the time spent 
playing or practicing organized sport. Membership and 
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time spent in organized sport increased from 2006 (grade 
3) to 2009 (grade 6). Total accelerometer counts in grade 6 
showed that boys and girls belonging to sports clubs were 
about 10% and 18% respectively more active during the 
week than those who did not belong to a club.  
 

DISCUSSION          

 

Relationships with PA and MVPA 

The responses to the questionnaire provide solid evidence 
of the influence the parents and guardians have on their 
children’s level of physical activity, in particular the total 
level of PA (boys) and the MVPA in the girls. This influence 
occurred through the provision of transport to sport 
and/or watching the sport (these two aspects typically 
going hand in hand) and/or parents pointing out how 
important it was to be active.  
 
Being watched by their parents is likely to provide 
incentive for children to do well in sport and getting to the 
sporting venues is of course a vital aspect of continuation 
in the sport. This has been well documented previously10-13 
and certainly with the distance involved in travelling in the 
ACT, without willing parent support in this area, a child 
would have little chance of sustaining competitive sport. It 
has been suggested that parent interest in watching their 
children may be most important in the initial stages of 
involvement14, and not so important once the sporting 
competition pattern has been developed.  
 
In general, relationships of the parental influence with 
their child’s PA appeared stronger in the boys than girls. 
There was also evidence that the parents’ own attitudes 
toward the benefits of PA (for themselves or their 
children) affected the level of PA in the boys, but not girls. 
This finding is consistent with previous literature which 
indicated that boys tend to receive more parental support 
for PA than girls15, and that parents’ own PA habits are 
more strongly associated with PA among boys compared 
with girls16. Whilst patterns of gender-related differences 
seem to have received less attention than might be 
expected15 17, the variation in significance of the parent-
child PA relationships suggests that boys and girls are 
influenced differently. As indicated elsewhere in this LOOK 
report, boys generally engage in about 10% more PA than 
girls, and it may be that they are more easily motivated to 
be physically active by their parents. 
 
Although studies have indicated various aspects of 
parental support18-20, Beets and co-authors2  advised  that 
no data are available regarding the specific influence of 
informational support on youth activity levels, alluding to 
the difficulty in deciphering specific information when 
researchers link questions together. Our assessment also 
grouped questions together in gauging general parental 
influence. However, in response to the advice from Beets 
and coworkers we undertook a separate analysis of the 

question “How often have you talked about the benefits of 
PA and sport?” The response revealed a significant positive 
relationship with MVPA in the girls but not in the boys, 
suggesting parental advice of this nature to have a greater 
impact on the girls’ physical activity than on boys. 
Moreover the effect took place mainly in the last two years 
at the ages of 11-12 years, coinciding with a time where 
girls typically have difficulty maintaining adequate physical 
activity and optimal body composition. Consequently this 
may be useful information in the formulation of strategies 
directed at improving PA and body composition in girls. 
 
Our general finding of positive association between parent 
and child physical activity habits and attitudes are 
consistent with accelerometer derived measures where 
parents’ physical activity levels are somewhat predictive of 
those of their children21. One study did report otherwise 
but a parent-child link with a reduction in sedentary 
behaviour did provide evidence of parental influence22. 
 
Organized sport sports club membership appears to make 
a significant contribution to childhood PA levels. That 
relationships were evident only in overall PA in the boys 
and for MVPA in the girls suggests that the girls may rely 
more on competitive sport than boys in the provision of 
MVPA.  
 
Screen time was not associated with PA in the girls 
(although the negative beta value hinted at a relationship); 
however the negative relationship in the boys suggests 
that watching TV and/or time engaged in computer 
activities are likely contributing reasons that average level 
of PA in our cohort is lower than those levels 
recommended by the American College of Sports Medicine 
(see LOOK report sections focusing on PA).  
 

Cardiorespiratory fitness 

The CRF of the boys was similarly related to parental 
influences and attitudes to PA. In the girls though, in 
contrast with their general pedometer measured PA, there 
were significant relationships between parental influences 
and attitudes with CRF, as well as between sports 
participation and CRF. This may have been, in part at least, 
due to %BF being related (negatively) to sport participation 
in girls, and increased %BF being negatively related to CRF 
as demonstrated elsewhere in this report. 
 

 

Percent body fat 

The importance of PA in the development of body 
composition in our cohort is also discussed elsewhere. The 
questionnaire responses support the importance of PA in 
the development of %BF, because in boys greater parental 
influence on PA (transport, watching) coincided with lower 
%BF, and for the girls, those participating in sports were 
leaner. It is important to note that these relationships 
cannot be used to infer causation; for example, it could 
well be that over-fatness may lead to an avoidance of 
sports participation because of body image issues.  
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Sports club and organized sport participation 

Overall, our evidence is that being a member of a club is an 
important aspect of the development of fitness and 
provider of MVPA in boys and girls. In addition to the social 
benefits and enjoyment of contributing to a team, it makes 
sense to promote junior sport in terms of preventive 
medicine, especially with the relationship between 
organised sports participation and %BF in the girls. That 
71% of the girls and 84% of the boys belonged to some 
form of sporting club in grade 6 was encouraging as was 
the fact that these percentages were higher than those in 
the same children in grade 3.  The evidence of contribution 
of organized sport in the girls suggests that any strategy 
aiming at reducing obesity in girls might consider 
encouraging greater participation in a sporting club. 
 

Screen time 

A recent US study found that children aged 8-18 were 
exposed to over 6 hours of electronic media each day 
(Roberts et al 2005). Media use begins early in childhood 
with young children (up to age 6 years) spending about the 
same amount of time each day exposed to screen media as 
they do playing outside (about 2 hours). 8-10 year old 
Americans spent an average of about an hour a day playing 
computer games in 2004 and no doubt that has increased 
since, given it was about 30 minutes in 1999.  This survey 
also found that 8-10 year olds averaged more than 4 hours 
a day in all screen media, watching TV being the greatest 
contributor at 80%, with movies and DVD’s making up the 
majority of the other 20%. The parents or guardians in the 
current study indicated that their children spent about 2 ½ 
hours per day in front of a screen but there is always the 
possibility of under-reporting in this area, especially as the 
question had the option of >4hours as the maximum 
response and parents may not have wanted to admit this.   
 
Small positive relationships have been reported between 
TV viewing time and indicators of body fatness13 23-24 as 
have small negative relationships between TV viewing time 
and PA13. Whilst the latter authors were unsure of the 
practical significance of their findings, school-based 
initiatives involving screen time to reduce sedentary 
behaviour have been shown to be effective in preventing 
unhealthy weight gain25. It is noted that there is 
considerable current interest in sedentary behaviour as a 
risk factor to health and increased obesity in its own right, 
quite distinct from low levels of physical activity26-27. 
 
The negative relationships in the current study suggests 
that watching TV, and sitting in front of a computer is one 
factor contributing to low levels of PA and CRF in boys. A 
negative slope provided some weak evidence that screen 
time may contribute to lower CRF in the girls but there was 
little evidence that screen time affected the girls’ level of 
PA.  However, given that relationships did emerge 
(although only in the boys in this study) indicates that this 
area of modern lifestyle is one worthy of consideration for 

modification in strategies for improving PA, CRF and %BF 
levels in our children.  
 

Within-child (longitudinally acquired) relationships 

Notably in our study we found no evidence that changes 
(from 2006 to 2009) in levels of PA (or CRF) were related to 
changes in influence or attitudes of the parents.  This may 
well be because there were no such relationships, but, on 
the other hand, obtaining within-child relationships is a 
more difficult task than finding between-child 
relationships. There are two main reasons for this both 
related to statistical power. Firstly two complete sets of 
observations provided a greater number of observations 
between children than within children over the three 
years. Secondly, in the cross-sectional data there was 
greater variation in any assessment than in the 
longitudinally acquired data. Longitudinal studies of this 
nature are uncommon, but one such study19 investigated 
changes in PA with changes in parental supportive 
behavior over a 20 month period and also found 
relationships hard to detect. However, they did report that 
changes in PA were related to changes in parents’ 
transportation reinforcing the importance of this aspect of 
parental support in children’s competitive sport.  
 

CONCLUSION 

 
In this cohort of Australian boys and girls residing in 
suburbs of a city of about 360,000, with average 
household income similar to the average Australian 
household, parents or guardians play a significant role in 
determining their children’s level of physical activity and 
fitness. The influence can be of a direct nature, providing 
vital transport to sports venues or indirect through 
conveyance of personal attitudes towards PA.   
 
Parental support for their child to engage in organized 
sport would appear to be a good way to increase PA and 
fitness, because children who belonged to a sporting club 
were generally more active and fitter than those who did 
not belong to a club. Whilst associations between parental 
influence and level of PA and CRF were stronger overall in 
boys, girls seemed to respond more to specific parental 
advice as to the benefits of PA, as indicated with the 
relationship with MVPA in girls, especially in grades 5 and 
6.  
 
Given that levels of physical activity and fitness are 
associated with attitudes and actions at each of the home 
front, sporting club, and school (see chapter on Academic 
Performance and the School Culture), it seems that 
parents, coaches and teachers all play collaboratively 
influential roles in developing the physical activity habits 
and fitness of our children.  
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What is known on this topic 

• Children’s MVPA tends to be associated with that of 
their parents, although results are equivocal and 
require more studies using objective measures of 
physical activity.   

• Parental social support is generally associated with 
level of physical activity although associations with 
specific types of support, such as parental advice of the 
benefits of PA, are not well researched.  
 

What this study adds 

• The overall support from parents, through provision of 
transport, watching sport, advice as to the values of 
physical activity, helps to develop more active and 
fitter children. 

• Parental attitudes to physical activity, both in relation 
to their own well-being, and to their children’s, are 
related to the levels of physical activity, fitness of their 
children.  

• Parental advice as to the benefits of PA was associated 
with increased MVPA in girls, especially over the last 
two years, where it may be most important,  but there 
was no similar effect in boys.  

• Sporting clubs play an important interactive role with 
parents in providing the medium for increased PA.  

• Parents and coaches, along with teachers all have 
collaborative roles to play in promoting and increasing 
physical activity, fitness and controlling body 
composition in children. 
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ABSTRACT 

Background: The formulation of strategies to improve 
physical activity, fitness and body composition of 21st 
century children is an important consideration. One such 
strategy might revolve around improving general 
coordination and balance, as motor skill has been 
associated with these characteristics. We sought to 
determine (a) whether four school-years of specialised 
physical education (SPE) had any impact on postural 
stability in our cohort of pre-adolescent children, in 
comparison with current practice (CP) physical education 
conducted by general classroom teachers. We further 
sought to determine if postural stability was related to 
general physical activity (PA), cardiorespiratory fitness 
(CRF), and percent body fat (%BF) as well as age and 
gender.  
 
Methods: Participants were children of mean initial age 
8.1 (SD 0.03) years. Both SPE (N=404) and CP (N=323) 
received approximately 150 min/week PE, the SPE group 
including 90 minutes/week from visiting specialists. 
Postural Stability was assessed by the ability to maintain 
balance in the quadruped position (hands and knees) on 
an unstable platform. DXA was used to measure %BF, a 
20m shuttle run employed to measure CRF, and 
pedometers worn for a week were used to estimate PA.  
Relationships were explored at the between-child 
(population) level and within-child (longitudinal or 
temporal) level. 
 
Results: Postural stability improved from grade 2 to 4 
then levelled off in grade 6. Girls displayed superior 
postural stability compared with the boys in grades 2 and 
4, although the difference was not evident in the final 
year. In the boys a positive relationship emerged between 
postural stability and CRF (P=0.01) at the between-child 
level of analyses. The strongest relationship emerged 
between postural stability and weight (between-child, 
both genders P<0.001), and apart from a weak relationship 

in the boys, there was little evidence of any association 
with %BF.  There was no evidence of any effect of the SPE 
program in comparison with the CP program. 
  
Conclusion: In this quadruped-specific assessment of 
postural stability, children made substantial improvements 
from age 8-10 yrs, with no further improvement from 10-
12 years of age, but there was no additional improvement 
attributable to the SPE intervention. Girls initially displayed 
better postural stability but by grade 6 there was little 
gender related difference. Body weight and %BF appeared 
to have independent negative effects on postural stability, 
even in the quadruped position where centre of gravity is 
relatively low. Whilst fitter boys tended to have better 
postural stability, an absence of any association with 
physical activity did not support the premise that postural 
stability (at least in the quadruped posture) was of 
practical relevance in increasing physical activity in pre-
adolescent children. 
 

Number of measurements 

   Intervention Control 
  Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 Postural stability, 
body composition, 
fitness, physical 
activity 

219 198 178 178 

       
Grade 4 
(2007) 

 Postural stability, 
body composition, 
fitness, physical 
activity 

158 156 140 133 

   
    

Grade 6 
(2009) 

 Postural stability, 
body composition, 
fitness, physical 
activity 

153 134 123 129 

       

 

INTRODUCTION 

Progressive negative health effects arise from pre-
adolescent physical inactivity (PA) and are directly linked 
to increased levels of childhood obesity 1,2. In developed 
countries inactivity (and obesity) rates in children have 
increased in recent decades 3,4 so increasing the  levels of 
PA in children is likely to reduce the risk of ill health 5-7. 
School-based physical education (PE) may aid in combating 
physical inactivity and obesity and may provide motivation 
for lifetime PA involvement 5. However, to date there are 
few longitudinal data on the effects of different styles of 



 
 

136 
 

pre-pubescent school-based PE on health and wellness 
measures. One factor that may support children in 
becoming more physically active is the fundamental motor 
skill of total body balance, or postural stability. 
 
Pollock and co-workers 8 defined the operation of body 
balance or postural stability as “the act of maintaining, 
achieving or restoring a state of balance during any 
posture or activity.” Efficient postural stability is required 
for movement solutions associated with everyday living 
and as such is a pre-requisite for efficient exploration, 
socialisation, action and communication 8-13. Human 
postural stability requires the ability to hold the centre of 
mass within the base of support whilst maintaining 
equilibrium of our body’s segmental structure during an 
intentional and purposeful task in an often dynamic and 
challenging environment 11-13. This necessitates automatic 
engagement of muscular support to resist destabilizing 
forces such as gravity, external loads and self-generated 
movement 9,10. It has been recently established that the 
unique properties of human postural stability go beyond 
the classic model of automatic, stereotypical and reflexive 
postural stability mode and involves a significant 
ingredient of higher cognitive neuronal networks - in 
particular the pre-frontal cortex, the posterior parietal 
cortex  and the lateral cerebellum 12-14.  
 

Previous research and objectives of this study 

Remarkable and obvious changes arise from infancy to 
adulthood (particularly during the relatively long human 
pre-pubescent period) in order to acquire optimal 
movement competencies, including postural stability 
9,15,16,17. The progressive changes occurring from infancy to 
early adulthood appear to occur in stages but are 
characterised by inter-individual variability and complex 
interactions 18,19. Recent studies confirm that girls possess 
superior postural stability skills in pre-pubescent ages 20-22. 
In general however, pre-pubescent children exhibit a less 
skilful global postural stability strategy compared to 
healthy adults 14-16. A progressive enhancement of 
kinematic and kinetic characteristics of postural stability 
occurs during motor development, including changes in 
the ability to absorb and re-weight sensory inputs. This in 
turn facilitates the emergence of a more accurate 
perceptual organisation and greater precision and 
flexibility in the way muscles are coordinated to control 
the forces destabilising the body9,13,14,15,16. Nevertheless, 7-
12-year-old children do not utilize somatosensory cues to 
stabilize posture to the same extent as adults when visual 
and somatosensory cues are conflicting 23,24 and it is not 
until around 12 to 15 years of age that the adult style of 
balance control is established for the most difficult of 
balance tasks 21,22. 
 
Childhood movement competency requires efficient and 
effective postural stability strategies 25,26. Recent studies 
have noted relationships between postural stability, 
cardiorespiratory fitness (CRF), percent of body fat (%BF) 
and gender 21,22,25-29. A possible consequence of poorly 
developed postural stability is a cascading process of 

physical inactivity, poor fitness levels in turn influencing 
further falls in postural stability skills. As children build 
movement skills (inclusive of postural stability) it is likely 
that they become more confident, trial new solutions for 
movement tasks and tend to be attracted to more intense 
and complex movement challenges 25,26. Conversely, 
children with poor motor control skills may be more likely 
to become sedentary25,26. We sought to test this premise in 
our cohort of free-living Australian children. 
 
Our specific objectives were to investigate: (a) the effect of 
a specialized PE (SPE) program, which emphasised balance 
skill on postural stability, in comparison with currently 
practiced and more traditional PE  conducted by generalist 
classroom teachers (CP); (b) the age and gender related 
development of postural stability in our cohort from age 8 
to 12 years; and (c) The relationships between postural 
stability and CRF, PA and %BF both at the cross-sectional 
(between-child) and longitudinal (within-child) levels. 
 

The intervention and control programs 

 
A comparison of the intervention and control physical 
education programs was achieved using SOFIT (System of 
Observing Fitness Instruction Time), as described in the 
Pedagogy chapter, questionnaires to teachers, and 
curriculum framework manuals from both the intervention 
program provider, the Bluearth Foundation and from the 
local education authority. Intervention and control 
teachers were all university trained primary school 
teachers. The intervention teachers had specialized in 
physical education with further professional development 
through the program provider, and were responsible only 
for the physical education of the students. The classroom 
teachers generally had received little training in physical 
education methodology and were responsible for teaching 
all aspects of the primary school curriculum. A most 
relevant difference in the compared programs was that 
the SPE intervention included static and dynamic activities 
to develop balance and strength in every lesson whereas 
the CP program concentrated more on fundamental motor 
skills related to catching, throwing, kicking, and striking 
balls. Another difference was that the SPE program 
included a variety of games and small group activities 
designed to encourage vigorous physical activity and 
maximal individual participation whereas the CP focused 
more on traditional sporting practices such as basketball, 
soccer, cricket, and netball. Also of potential relevance was 
that the specialist intervention teachers, again in general 
contrast with classroom teachers, participated in all the 
activities, with the intention of maximizing individual 
motivation and engagement.  
 

METHODS 

Schools and participants 

Thirty schools of 31 invited accepted the invitation to 
participate and agreed to be randomly allocated into SPE 



 
 

137 
 

or CP schools for the course of the study. The participants 
were 397 boys (219 in the SPE and 178 in the CP group) 
and 376 girls (198 in the SPE and 178 in the CP group). All 
initially in grade 2 of elementary (primary) school where 
the average age was 8 years with S.D .03 being the cohort 
of the LOOK study as previously described 30. Selection of 
schools was semi-random process, given that certain 
conditions needed to be adhered to as follows: (a) schools 
were selected only from outer suburbs where the average 
family income approximated the Australian average (b) 
schools with a large proportion of transient international 
students were avoided as they were unlikely to complete 
our project and (c) intervention and control schools were 
of sufficient geographical separation so as to reduce the 
likelihood of cross-contamination of programs. The overall 
average taxable family income closely approximated the 
national average. Approximately 90% of the children had 
one or both parents of Caucasian descent, 7% of Asian 
descent, 1% Indigenous Australian or Polynesian, and we 
had no data on 2% of the families.  
 

The unstable platform 

Postural stability was assessed using a large (rocker board), 
rectangular in shape with dimensions of 2m x 87.5cm 31 
(Figure 1). In the first data collection the unstable platform 
sat on a portable floor so that floor contact conditions 
were identical when testing at different schools. In the 
second and third measurement period the board was 
located at Canberra hospital. The movements of the 
unstable platform were constrained to one degree of 
freedom with rotation about the long axis of the board, 
creating a medial to lateral postural stability challenge. The 
maximum amplitude of rotation was 28 degrees, 14 
degrees below and above the horizontal position. 
 

 

Figure 1 Rocker board  

 
A draw wire sensor (Micro-Epsilon, Ortenburg, Germany) 
was attached close to the midline of the unstable platform. 
The device is a highly sensitive and accurate measuring 
tool used in industrial and medical measurement 
applications (see www.micro-epsilon.com/ 
download/products/dat--wireSENSOR-MP-MPW--en.pdf).  
 
The draw wire sensor relayed the displacement as an 
electrical input to a signal conditioner (USC701 universal 
signal conditioner see www.apcs.com/usc701/usc701.pdf 

for specifications) at 5 Hz over a 30 second trial period 
(150 data entries). The signal conditioner relayed the input 
into a laptop computer and saved as an excel file.  
 

An Index of Postural Instability (IPI) 

As the magnitude of oscillation decreases with better 
postural control, we defined an index of Postural Instability 
(IPI) as the sum of the oscillations about the horizontal 
position in the 30 second trial period. This was measured 
as the sum of the changes in length of the draw-wire 
(mm).  An index of postural instability (rather than 
stability) was chosen given that increasing values (of 
oscillation of the unstable platform) reflect increased 
instability. 
 

 

Figure 2 Photo of test position 

 

Procedures 

Immediately before testing, a short familiarization process 
was employed where the children were taken through the 
different postures to experience the “feel” of the board 
and its movement qualities. Four separate postures were 
tested, but only with the quadruped posture (hands and 
knees four points of support, as seen in Figure 2) are 
reported here, given it was the only posture to meet 
reliability requirements. Repeated trials on the Balance 
Board, measured one week apart, were used to establish 
its reliability. Twenty-two 11 year old grade 6 students 
were measured on two occasions, one week apart. The 
Pearson’s product-moment coefficient was r = 0.669, p 
=0.001 demonstrating satisfactory reliability for the 
quadruped IPI. 
 
The child’s quadruped posture was aligned to three 
parallel lines along the long axis of the board. The three 
lines, one along the centre of the board and the others 
either side, allowed the child, with the help of the 
technician, to correctly position the support structures 
(feet and  hands for the quadruped position) equidistant 
from the board’s centre. The children were asked to try to 
maintain the horizontal position of the platform for thirty 
seconds. 
 

Anthropometry 

Height was measured by a portable stadiometer to the 
nearest 0.001 m and body mass by portable electronic 
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scales to the nearest 0.05 kg. Body composition was 
measured using dual energy x-ray absorptiometry (DXA, 
Hologic Discovery QDR Series, Hologic Inc., Bedford, MA, 
USA) using QDR Hologic Software Version 12.4:7 to 
generate fat mass and percent of body Fat (%BF) as 
previously described 30. 
 

Fitness and physical activity  

The 20m shuttle run was used to estimate CRF, this being 
well-established as a field test with children 32. To measure 
PA, children wore pedometers on their hip for seven 
consecutive days, the first day’s measurements being 
ignored on the premise that the novelty of wearing the 
pedometers may influence the initial activity of our 8 year-
olds. We used pedometers of identical step detection 
mechanism throughout the study, distributed by Walk 4 
Life (Plainfield, IL USA) in the first year, and New Lifestyle 
(Lee's Summit, MO USA) in the second year. The validity of 
this pedometer mechanism has been verified with children 
of about the same age as our cohort 33. Prior to 
distribution, a routine calibration check of 40 steps was 
carried out on every pedometer by the same technician, 
and only pedometers that were accurate to within 1 step 
were used as previously described 30. 
 

Statistical treatments 

A statistical model was formulated to study relationships 
at the between-child as well as at the within-child 
(temporal) level and has the form set out below, with 
percent body fat (%BF) as an example of an explanatory 
variable. 
 
Index of Postural Instability (IPI) = constant + Group effect+ 
SES effect + %BFs+ School random effect + School.Grade 
random effect+ Sex effect + Sex.Group interaction + %BFc + 
Child random effect + Grade effect + Sex.Grade effect + 
Group.Grade effect + %BFw + possible interactions between 
fixed effects + within-child random error   
 
The terms %BFs, %BFc and %BFw denote the vectors of 
variation at the school level, between-child and within-
child levels. Group refers to the intervention and control 
groups, Grade to the primary school grade and 
Grade.Group  is the intervention effect. 
 
Where necessary, variables were scaled by square roots or 
natural logarithms to better meet linearity assumptions. 
General model checking procedures were routinely used to 
identify aberrant data and to check the model 
assumptions. Statistical computation was undertaken 
using the statistical package Genstat. 

RESULTS 

Baseline data 

Table 1 presents unadjusted (raw) values of IPI, and Figure 
3 shows this graphically.  
 

presents the baseline data for boys and girls. There were 
no significant differences between any of the variables at 
baseline.  
 

Table 1 Median and percentiles of the Index of Postural 
Instability (IPI) 

 
N 5% Median 95% 

     

Grade 2 
    

F 376 16.9 68.8 247.8 
M 397 18.7 85.2 259.4 
  

   Grade 4 
 

   F 292 0.6 3.8 41.8 
M 300 0.9 5.9 63.9 
  

     
   Grade 6 

 

   F 263 2.1 7.3 26.9 
M 276 2.0 7.6 35.8 

 
 

Table 2 Means and standard deviations of baseline data for the 
Intervention (SPE) and Control group (CP) 

  
BOYS 2005 GIRLS 2005 

SPE  CP SPE CP 

Age,yr 8 8 8 8 

Ht, m 130.5 (5.4) 129.9(5.6) 128.4(5.4) 129.1(5.3) 

Wt,kg 28.9(5.1) 28.9(5.4) 28.45(5.8) 28.80(5.7) 

PA Index, 
√steps/day 

108.6(11.1) 107.4(11.1) 96.3(10.1) 98.3(9.9) 

sqrtCRF, 
stages 
completed 

2.0(0.35) 2.0(0.37) 1.8(0.25) 1.9(0.30) 

%BF 22.8(5.8) 22.5(6.0) 27.9(6.4) 28.0(6.3) 

BMI 16.9(2.2) 17.03(2.4) 17.16 (2.6) 17.2(2.5) 

Ln IPI, mm 4.4 (0.80) 4.3(0.79) 4.2(0.84) 4.2(0.81) 

 
PA refers to the Physical Activity Index (approximately equal to the 
square root of average steps per day), CRF to cardiorespiratory fitness 
(stages from the multistage run) and %BF to DXA-measured percentage 
body fat, BMI is body mass index (W, kg/Ht, m2), and lnIPI is the logarithm 
of the Index of Postural Instability (mm of oscillation in 30 sec period). 

 

Intervention effect 

There was no evidence of any effect of the SPE inter-
vention on postural stability in either the boys or girls. 
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Figure 3  Unadjusted values of the Index of Postural Instability (IPI). 
Values are presented in logarithmic form, enabling interpretation of error 
bars. Where the bars representing the  95% confidence intervals about 
the means do not overlap the differences in the means are signficant at 
approximately p=0.01. 
 

Relationships between IPI and PA, CRF, %BF and 

body weight 

Relationships between the Index of Postural Instability 
with PA, CRF, %BF and Body Weight are shown in Table 3. 
In summary, the strongest relationships occurred between 
IPI and body weight (data from the girls are illustrated in 
Figure 4); between-child relationships occurring in both 
boys and girls, and a within-child association evident in the 
girls. There was some evidence of a negative relationship 
between IPI and PA in the boys (i.e. a positive relationship 
with postural stability) and stronger evidence of negative 
relationships between IPI and CRF, which is shown in 
Figure 5. There was also some evidence of a positive 
relationship between IPA and %BF in the boys, but not 
girls.  
 

 

Figure 4   Relationships between the logarithm of the Postural Instability 
Index and the Physical Fitness Index in boys. The solid  line is the line of 
best fit of the between-child relationship, the open circles represent a 
child means (shrunken) and the short line through each circle represents 
the average slope for the within-child relationship. 

Table 3  Parameter estimates and associated statistics  for  
relationships between the Index of Postural Instability and PA, 
CRF, %BF and Wt 

 Boys Girls 

 β, se p value β, se p value 

PAo -0.005(0.003) 0.06 -0.004(0.003) 0.23 

PAc -0.004(0.003) 0.17 -0.004(0.004) 0.34 

PAw -0.008(0.003) 0.16 0.001(0.005) 0.93 

sqrtCRFo -0.24(0.09) 0.01 -0.005(0.11) 0.97 

sqrtCRFc -0.25(0.1) 0.01 -0.11(0.13) 0.4 

sqrtCRFw -0.15(0.16) 0.34 0.21(0.18) 0.23 

ln%BFo 0.2(0.17) 0.21 -0.08(0.21) 0.7 

ln%BFc 0.33(0.18) 0.07 -0.13(0.23) 0.56 

ln%BFw -0.27(0.34) 0.14 0.39(0.46) 0.39 

InWtc 0.8 (0.19) <0.001 0.99(0.17) <0.001 

InWtw 0.3 (0.36) 0.41 1.13(0.38) 0.003 

PA refers to pedometer outcome, CRF to Cardiorespiratory fitness from 
the multistage run and %BF to DEXA percentage body fat, and lnWt to the 
logarithm of body weight. The subscript c-between children, w- within 
children over the four years, o combines c and w for an overall 
relationship.  

 

 
 
Figure 5   Relationships between the logarithm of the Postural Instability 
Index and the logarithm of weight in girls  The solid  line is the line of best 
fit of the between-child relationship, the open circles represent a child 
means (shrunken) and the short line through each circle represents the 
average slope for the within-child relationship. 

 

Progression of IPI over the course of the study 

Figures 6a and 6b show the progression in (adjusted 
values) of IPI in the two groups over the four years in the 
girls and boys separately.  The main feature is the large 
reduction in IPI for both boys and girls, implying a large 
improvement in postural stability between grades 2 and 4.  
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Figures 6a and 6b  Changes in the Index of Postural Instability (IPI) by 
grade in the girls and boys.  The IPI is the sum of the oscillatory motions 
of the rocker board over a 30 second period, so a lower value represents 
better postural stability.  

 

Boys compared with girls  

Girls had better postural stability (lower IPI) than boys 
(p<0.001), IPI decreasing from grade 2 to grade 4 
(p<0.001), but by grade 6 (age 12-years) the gender 
difference no longer existed (See Figure 8). 
 

 
 
Figure 8.   Changes in the Index of Postural Instability classified by gender 

DISCUSSION 

Postural stability and specialized physical education 

Analysis of our data did not reveal any effect of the special 
physical education program in relation to the program 
currently taught by classroom teachers. It is recognized 
however that the test we used represented just one 
specific aspect of balance or postural stability, and we are 
unable to infer that balance or postural stability in general 
was unaffected by the Bluearth SPE program. There was 
considerable emphasis on balance in the SPE program 
throughout each of the four years, both in dynamic and 
static modes, with many of the activities based on yoga. 
Because this contrasted with the more traditional 
approach to PE applied by the classroom teachers, an 
intervention effect might have been anticipated. Certainly, 
to the current authors, as observers of both programs over 
the four years, it was evident that children in the Bluearth 
SPE program practiced and improved many types of 
balance and postural challenges. Moreover, during 
discussions with the three Bluearth specialist teachers, 
each indicated the improvement in balance ability of the 
SPE group over the years. The Bluearth specialist teachers 
also indicated that, based on their occasional experiences 
with children who were not part of the SPE program or in 
the LOOK study, the balance and body control of these 
children were clearly of a lower standard than the SPE 
group.   
 
It is likely that the IPI measurement described in this study 
did not reflect general improvements in balance and 
postural stability. The quadruped posture was chosen 
because it was the only posture that we were able to 
demonstrate good reliability; and in a preliminary 
investigation over the first two years the quadruped 
posture seemed to elicit similar changes in children as the 
standing postures. However, given that the centre of 
gravity of the child was lower and balance was on all fours, 
it was the most stable position and consequently our 
quadruped IPI may not have been sufficiently sensitive to 
detect any improvements in postural stability. There are 
two other factors that may have offset any detection of an 
intervention effect. Firstly, the CP program may have been 
equally effective in increasing postural stability; general 
throwing, catching, running, jumping, and other 
movements related to more traditional fundamental skill 
teaching practices facilitating development of postural 
stability similarly to the balance skill work in the SPE 
program. Secondly the considerable improvement 
observed across all children, especially during grades 3 and 
4, and which may have been related to normal growth and 
development (as indicated by the effect of body weight) 
may have overwhelmed any effect of the twice weekly 
specific balance practices delivered by the SPE program. 
 
Postural stability and age  
 
Our data support previous studies indicating a general 
improvement in postural stability with age from 8 to 12 
years of age in both boys and girls 16,17. However many of 
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these studies were cross sectional with small sample sizes 
and our longitudinal study and substantial number of 
observations provides data on the extent of 
improvements, at least within the specificity of the 
quadruped postural challenge. The greatest improvement 
occurred between grade 2 and 4, between the ages of 8 
and 10 years. Whilst we took care to conduct the test in 
exactly the same way every year, in the first year the tests 
were conducted in a quiet unoccupied room at school, 
whilst in the second test it was in a quiet hospital room set 
in a Pediatrics wing, furnished non-clinically in children- 
friendly style. Whilst we do not have any reason to suspect 
the change of environment affected the outcome we   
cannot be sure. Consequently some caution is indicated in 
interpreting the magnitude of improvements form grade 2 
to 4. 
 

Postural stability and gender  

A number of recent studies23,24,27 have demonstrated that 
girls exhibit more efficient postural stability than boys. Our 
data are in general agreement, but suggest that boys catch 
up to girls by age 12 yr. Theories explaining the sex 
differences in balance skills allude to differences in body 
size and mass, balance control maturation 23,27,34 and 
differing attentional reservoirs between boys and girls 20,36. 
In the present study, size and mass differ only marginally 
between boys and girls rendering these variables to be 
unlikely contributing factors .  
 
We suggest ability to attend to and concentrate on the 
task as a plausible explanation for gender differences, 
given the solid evidence linking postural control and 
unstable platform postural tasks12,13,34. Further, attentional 
processes are proposed to be modulated by physical 
activity and therefore, CRF. It is now well-recognized that 
human postural control is not automatic but is modulated 
by higher order neural centres and that postural control in 
children and adults requires a level of attentional 
processing. The resources capable of providing dual 
function neuronal pools for attention and postural 
stability, reside primarily in the dorso-lateral PFC 12-14. 
Lending evidence to this argument are findings of gender 
differences in cortical recruitment in response to cognitive 
tasks, with girls exhibiting greater sophistication in the PFC 
(executive function cortical areas) and boys in the PPC 
areas (areas of spatial perceptions and attention) 35 and 
other recent research showing a gender difference to 
emerge very early in neurodevelopment 36,37.  
 
A study by Hirabayashi and Iwasaki 1995 38 had similar 
gender specific outcomes to the current study. These 
researchers suggest boys to be less attentive and agitated 
compared to girls during balance tasks. The latter workers 
considered these results to be linked to boys’ relative 
“hyperactivity” and have extended their discussion to 
attention deficit hyperactivity disorder (ADHD), given that 
postural stability is known to be reduced in children with 
ADHD 39.  
 

Postural stability, cardiorespiratory fitness and 

physical activity  

Solid relationships emerged between the IPI and CRF (and 
to a lesser degree with PA) at the between-child level in 
boys but not girls; relationships having been reported 
previously between postural stability and fitness26. We can 
only speculate on why this relationship shows up in boys 
but not girls. Relationships may be due in part to the boys' 
history of participation in more vigorous physical activities; 
our cohort of boys were more physically active than girls in 
all four years of our observation as shown in the LOOK 
section on physical activity. This may in turn be associated 
with a closer association of boys' balance with 
development of somato-motor abilities. Alternatively or 
perhaps as well, and as alluded to in the LOOK section on 
academic achievement, fitter and more active boys may 
have developed better attentional control, this being used 
to their advantage in the balance task, and affecting their 
relationships between IPI and PA/CRF more so than in the 
girls. It is interesting that although not reported in this 
LOOK report, boys tended to respond more to the SPE 
intervention than girls in terms of academic results.  
 
On the other hand that PA was only weakly associated 
with postural stability may well indicate that the number 
of steps per day bears little relationship with whole body 
balance skill. Pedometers do not reflect the intensity of 
exercise or their inability to adequately reflect practices 
requiring balance such as cycling or climbing trees or 
participation in stationary yoga like activities (a feature of 
the SPE program). Nevertheless, relationships are not easy 
to find in growing children, especially when adjustments 
are made for factors such as pubertal development, body 
weight, socioeconomic factors and school effects.  It is of 
interest then, that even in the “weak” relationships we 
found in the boys, that a 10 unit increase in PA index (the 
square root of average steps/day) from 100 to 110 which is 
equivalent to 2100 steps/day, coincides with a 5% 
improvement in postural stability.   
 
Apart from body weight in the girls, we did not detect any 
within-child relationships of significance between IPI and 
PA, CRF or %BF.  These relationships may not exist, but the 
decreased statistical power associated with about a third 
less observations (between-child relationships are 
calculated using data at all three grades) and less variance 
within a child than between children, renders within-child 
relationships more difficult to detect.  
 
The strong relationship of IPI with a child’s weight (a 
phenomenon previously noted in the adult population 41) 
has occurred many times in the LOOK study with respect 
to other response variables, for example with eye-hand 
coordination and insulin resistance to name two quite 
different variables. Body weight seems to be reflecting a 
general developmental aspect of the growing child. In 
terms of our postural stability work, a regression of 
sensori-motor control appears to be a feature in 
adolescent postural stability development, 42 an effect 
noted in other studies of postural stability in children 
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within rapid growth phase. This may explain the strong 
negative relationship of body weight and postural stability 
in the current study 43. 
 

Postural control and percent body fat 

Our quadruped-elicited results do not support previous 
findings that higher %BF is associated with lower postural 
stability 27-29. However previous studies involved lower 
participant numbers and did not measure %BF directly, 
using BMI as a surrogate of body fatness, which as we 
allude to elsewhere in this LOOK report is problematical, 
especially in children.  Furthermore, previous studies 
indicated that postural stability in obese children and 
adults was characterized by poor lateral stability 
control28,29, which was less relevant in the quadruped 
posture adopted in our study.  Finally and importantly our 
investigation of %BF was carried out after adjustment for 
body weight, a feature lacking in other studies, and an 
important one if body weight Is not to be confused with 
body fat. 
 

Strengths and limitations  

Strengths of the study included the large sample size and 
the repeated measurements over 4 years including 
objective measures of PA, CRF and %BF. The introduction 
of the balance board provides an advantage over the use 
force plates, which despite their sensitivity, do not provide 
a moving surface requiring a child’s attention, motivation 
and concentration. Consequently force plates do not 
demand reactive postural adjustments to control 
destabilising forces produced by the unstable platform. On 
the other hand this was also a weakness of our work 
because with the novelty of the assessment and our own 
construction came a lack of evidence of its validity and 
reliability. In fact we found insufficient reliability with the 
standing postural stability assessments, and so were 
confined to reporting only on the quadruped position in 
this LOOK report.  Moreover, grade 6 students easily 
mastered the quadruped challenge and this may have 
masked more subtle improvements related to the 
intervention, age or gender. Another limitation in our work 
was, as alluded to previously, in grade 2 the tests were 
conducted in different environments to grades 4 and 6,  
which may have confounded  the comparison between 
grade 2 and grade 4 results to some degree. 

CONCLUSION 

Postural stability was not enhanced by The Bluearth SPE 
program, although the specific and restricted nature of the 
quadruped test may not have facilitated detection of 
improvements in general postural control. Our data 
indicate that postural stability, at least in the quadruped 
position, is more advanced in girls than boys, but only 
between the ages of 8 and 10 yr, after which the boys 
bridged the gap. It is evident that heavier boys and girls 
have inferior postural stability perhaps reflecting a relative 
lack of balance during growth. Given little evidence of 
associations between postural stability and general 

physical activity, we are unable to provide any support for 
the premise that increasing postural control, at least as 
measured in the quadruped position, will lead to increases 
in physical activity or any decreases in %BF. 
 

What is known in this topic 

• Postural stability is an essential trait for effective 
movement solutions for everyday tasks. 

• Children undergo a progressive refinement of postural 
stability skills from 8-12 years of age. 

• Pre-pubescent girls performance in postural stability 
tasks is superior to boys 

• CRF and PA are related to postural stability skill 
 

What this study adds  

 
• Postural stability progressively improves over time in 

free-living Australian boys and girls, with the most 
significant improvement occurring from 8-10 years. 

• Girls possess greater postural stability skill compared to 
boys at age 8 and 10 years but the gap is bridged by the 
boys by age 12 years. 

• Enhanced postural stability in boys was related to CRF 
and to a less extent PA, suggesting movement 
experience in boys were more influential, but no 
associations were evident in girls. . 

• No relationship exists between postural stability and 
%BF, but strong negative associations were found 
between bodyweight and postural stability in both boys 
and girls, suggesting that growth makes balancing tasks 
more difficult. 
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ABSTRACT 

Background:    Eye-hand coordination is required in many 
if not most of the sports available to children and there is 
evidence that both physical activity (positively) and obesity 
(negatively) are associated with a child’s fundamental 
motor skills. However, less is known about the 
relationships of eye-hand coordination specifically, 
especially those of a longitudinal nature, or whether 
physical education can improve it during the final four 
primary school years. 
 
Objective: To determine (a) whether eye-hand   
coordination is associated with physical activity, fitness 
and fatness in primary school aged children; and (b) 
whether an intervention of specialized physical education 
could modify eye-hand coordination over a four year 
period. 
   
Design: Initially 406 boys and 384 girls of age 8.0 (SD 0.3) 
from 29 government funded primary schools participated 
in this four year quasi-experimental study  
 
Methods: All children usually received 150 min/week of 
physical education from general classroom teachers. In 13 
schools, 90 min/week was replaced by an intervention 
from specialist physical educators. The remaining 16 
schools formed the control group. Measurements were 
made at baseline and every two years, and included a test 
of ball throwing and catching, percent body fat (DEXA), 
physical activity (7-day pedometers), cardiorespiratory 
fitness (20m multistage run), pubertal development 
(Tanner staging), and socio-economic status of school 
suburb (Australian Bureau of Statistics).   
 
Results: Whilst boys’ eye-hand coordination was more 
proficient than girls’ at each measurement period the 
gender differences diminished from year to year. All 
children progressively improved eye-hand coordination 
over the four years, but there was no evidence that the 
specialized physical education program produced any 
benefits over generalist classroom teacher practices. There 
was a strong temporal (within-child) relationship between 
eye-hand coordination and body weight for both the boys 

and girls and also between eye-hand coordination and 
fitness in the girls (p=0.001). There were independent and 
significant relationships at the population (between-child) 
level between eye-hand coordination and body weight, PA, 
CRF (all positive), %BF (negative) in boys and girls (all p< 
.001 except boys CRF p=.002). 
 
Conclusions: Eye-hand coordination, as demonstrated by 
throw and rebound catch ability, improves between the 
ages of 8 and 12 years in both boys and girls with boys 
possessing greater proficiency at each age group, although 
their superiority was progressively reduced with age. 
There was no difference in the effects of the specialized 
and classroom teacher conducted programs on eye-hand 
coordination. That both programs emphasized catching 
and throwing during the four years; the extent of the 
improvement in both the specialized and the classroom-
taught physical education suggesting that the two 
programs might be considered equally effective in 
developing this skill. Irrespective of the program, children 
who were more active, fitter, and of less %BF possessed 
better eye-hand coordination. These relationships, whilst 
not permitting causality inference in either direction, do 
suggest that strategies designed to increase PA and to 
reduce the incidence of obesity might provide indirect 
benefit from ensuring that children possess adequate eye-
hand coordination.  
 

Figure 1 Number of measurements 

 
Measurements Boys Girls 

    

Grade 2 
(2005) 

DXA 
Physical Activity 
Cardiorespiratory Fitness 
Body composition (DEXA) 
Throw and Catch Test 

406 384 

Puberty Assessment NM NM 

    

Grade 4 
(2007) 

DXA 
Physical Activity 
Cardiorespiratory Fitness 
Body composition (DEXA) 
Throw and Catch Test 

293 292 

Puberty Assessment 174 179 

    

Grade 6 
(2009) 

DXA 
Physical Activity 
Cardiorespiratory Fitness 
Body composition (DEXA) 
Throw and Catch Test 

281 276 

Puberty Assessment 270 247 

    

NM = Not measured 
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INTRODUCTION 

Physical inactivity and obesity in children have emerged as 
two threats to the immediate health and happiness of 
children in the 21st century and may also pose problems 
for their future health as adults.  
 
Games provide an important medium for children to 
develop socially, emotionally and physically. Playing games 
is keenly pursued by pre-school age children, as all parents 
are aware. Running and jumping, hiding and climbing are 
all part of an instinctive development process that is 
naturally inbuilt into a young child’s world. Physical 
pursuits are often accomplished with great creativity and 
imagination, an indication of the early collaborative 
development of the mind and body. Even so, in recent 
decades, large amounts of free-play time have been 
replaced with screen time. Children love to watch their TV 
and busy working parents enjoy the respite and relaxation 
time afforded by their children’s occupation with TV; less 
busy parents in the past perhaps being more content 
playing with and supervising their children. The type of 
modern influence, among others, contributes to a 
tendency for modern children to become less active.  
 
As a child becomes older, lifestyle becomes more 
organized, and opportunities for free play become less 
frequent with the introduction of school classrooms and 
time schedules to be complied with. Then there are the 
increasingly stringent safety and legal issues; these and 
other socially motivated restrictions begin to restrict free 
play activities such as climbing trees or kicking the footy 
out in the street or down in the park without supervision. 
Even walking to school is now considered by many parents 
as a risk not worth taking. Just a few decades ago playing 
in the street until dark and getting to school by foot or 
bicycle were mandatory requirements. Clearly, daily 
physical activity requirements in the 21st century children 
have changed dramatically.  
 
Opportunities for physical activity in children seem to rest 
more and more with organized sport, and the family 
questionnaire reported in the Family Influences chapter 
indicates that organized sports and belonging to a sports 
club are associated with overall physical activity and 
fitness. However, human nature being what it is, children 
are unlikely to pursue a participatory role in organized 
sport, or even in the semi-organized sport of a school yard, 
if such participation is not accompanied by some success 
and therefore enjoyment. Most of us are aware that 
children who lack the skills to play games as well are 
consequently perceived by peers as a hindrance to a 
team’s success. This can occur even in an ad-hoc “chase 
and tag” game or “hand–tennis” in a school recess, and 
children who cannot fit comfortably into this environment 
are likely to face psychological and social problems which 
spill over from the playground into general life. There is 
then a resulting tendency that if a child cannot play a game 
well, he or she is not likely to play at all; and consequential 
tendencies toward reduction in self-esteem and self-
confidence may well be postulated to influence attitudes 

to physical activity and even personality characteristics in 
later life.  Even within the LOOK cohort, and as described 
in the Psychology Chapter, we have demonstrated early 
links between physical activity, body composition and 
stress levels and body image. 
 
Evidence has certainly been accumulating that a child’s 
proficiency in general fundamental motor skills (e.g. 
running, dodging, jumping, catching, kicking, hitting) is 
associated positively with time spent participating in 
organized sport 1-3.  
 
An important additional finding has been that there is 
evidence of “tracking” of motor skills. Children with good 
object control skills (throwing, catching, kicking) were 
more likely to develop into fit adolescents 6-7 years later4. 
The importance of early development of fundamental 
motor skills is reinforced by findings in adolescents; those 
with better motor skills are more likely to participate to a 
greater extent in organized sport5 and tend to be more 
physically active in general6-7. There is also evidence of this 
relationship in pre-school children. Very young children 
with inferior motor skills are likely to be less active8 
suggesting the importance of very early attention to 
children whose motor skills are slow to develop. Of course 
the converse could be true that it is important to promote 
opportunities for physical activity to promote motor skill 
acquisition.   
 
The current study focuses on the skill of throwing and 
catching. One doesn’t have to be a physical education 
teacher or a parent to realize that a major impediment to 
playing games with some success and therefore enjoyment 
is a lack of general awareness of where the whole and 
parts of the body are in space, generally referred to as 
“coordination”. Of all forms of coordination, poor eye-
hand coordination is probably the greatest impediment to 
success as many, or indeed most, of the games children 
play require skills in catching or throwing a ball of some 
description. Certainly eye-hand coordination is essential 
for the majority of organized team sports, such as soccer, 
netball, basketball, Australian Rules football, rugby, hockey 
and tennis.  
 
Consequently there is a real risk that a child with poor or 
even below-average eye-hand coordination may withdraw 
from sport to avoid embarrassment and any negative 
social consequences especially from his or her peers. If 
other suitable physically active pastimes are not 
discovered this may set early negative attitudes to physical 
activity in general, and lead to a lifestyle characterised by 
insufficient physical activity for the maintenance of good 
health. 
 
As it has been well pointed out 9 ball catching is not a 
simple task. The force and timing of the movement of the 
hands must be adjusted to the speed, direction, weight, 
and size of the ball. It requires perfect estimation of 
trajectory and is a “coincidence timing task” that is 
commonly used in assessing motor impairment. Couple 
this with the act of throwing accurately and the task 
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becomes increasingly difficult. Upon consideration that 
catching and throwing is a most important skill for children 
to acquire, we chose such an activity as our assessment of 
eye-hand coordination of elementary school children.  
 
The aim of this investigation was two-fold. Firstly, to 
determine whether the development of eye-hand 
coordination was influenced by the Bluearth physical 
education over four years in comparison with current 
practice physical education; and secondly to determine 
whether relationships existed between eye-hand 
coordination and physical activity, fitness and percent 
body fat.  

METHODS 

Measurements 

The throw and rebound catch test 

The children were asked to throw a tennis ball overhand 
against a solid wall and catch the rebound. This took place 
at a progressively greater distance from the wall, with five 
throws at each of 0.5, 1m, 1.5, and 2m from the wall. In 
the first set children were asked to catch the ball with two 
hands; in the second set with one hand, their preferred 
hand. Prior to the test there was an explanation and 
demonstration of an overhand throw and two-handed 
catch. Successful catches were recorded, the maximum 
score being 40. All tests over the four-year period were 
conducted by the same technician against the same wall 
with the same set of tennis balls.  
 
Test-retest reliability was measured with a group of 10 
year-olds who completed the tests twice with an interval 
of 3 hours. For the two handed catch and one handed 
catch respectively the intra-class correlations were 0.82 
(95% CI: 0.60, 0.92) and 0.90 (95% CI: 0.78, 0.96). 
Reliability is typically high for catching tests. For example a 
tennis ball catching test where balls were delivered by a 
machine was associated with an intra-class correlation of 
0.90 9. 
 

Other measurements 

Procedures to measure height, weight and percent body 
fat (%BF) using dual emission x-ray absorptiometry (DXA, 
Hologic Discovery QDR Series, Hologic Inc, Bedford, MA, 
USA) have been previously described 10. 
 
Physical activity was measured using pedometers (Walk 4 
Life, Plainfield, IL, USA) over seven consecutive days, from 
which a physical activity index, the square root of the best 
representative of average daily step count was calculated, 
as described elsewhere11. The 20 m shuttle run was used 
to estimate cardiorespiratory fitness (CRF), being well-
established as a field test with children 12. 
 
 
 
 

Statistical Methods  
 
A statistical model was formulated to study relationships 
at the between-child and between-school levels as well as 
at the within-child (temporal) level. Our statistical model 
with eye-hand coordination (EHC), represented as number 
of successful catches in the throw and catch test, has the 
form set out below, with percent body fat (%BF) as an 
example of an explanatory variable. 
 
EHC = constant + Group effect+ SES effect + %BFs+ School 
random effect + School.Grade random effect+ Sex effect + 
Sex.Group interaction + %BFc + Child random effect + 
Grade effect + Sex.Grade effect + Group.Grade effect + 
%BFw + possible interactions between fixed effects + 
within-child random error 
   
The terms %BFs, %BFc and %BFw denote the vectors of 
variation at the school level, between-child and within-
child levels. Group refers to the intervention and control 
groups, Grade to the elementary school grade and 
Grade.Group effect is the intervention effect. 
 
The above model fits within the general framework of 
general linear mixed models.13 Statistical significance of an 
effect was assessed by calculating adjusted Wald 
statistics.14  Where necessary, variables were scaled by 
square roots or natural logarithms to better meet linearity 
assumptions. General model checking procedures were 
routinely used to identify aberrant data and to check the 
model assumptions. Statistical computation was 
undertaken using the statistical package Genstat. 
 

Attrition 

Figure 1 indicates the progressive reduction in numbers of 
our study over the four years. To help offset any potential 
attrition-related bias, children were not subjected to 
skinfold testing or any other procedures that may have led 
to embarrassment and withdrawal from the project. The 
majority of the absences from tests were due to family 
home relocation or absences from school during any of the 
test days. We have no reason to suspect that attrition or 
absences from test days had any effect on our conclusions.  
 

Relevant factors differentiating the intervention and 

control programs 

The philosophy and practical elements of the intervention 
program are explained at the provider’s website15  
Relevant to this section of the LOOK report, was that 
almost every session included at least one activity 
involving object control, such as throwing and catching 
balls, bean bags, Frisbees, but they were always directed 
at personal development of eye-hand coordination for its 
own sake, rather than directed at improving skills for 
particular ball sports. Likewise, in the current practice 
physical education conducted by the classroom teachers 
almost every session included some object control 
practices, usually directed at developing competency in 
sports such as football, cricket, basketball, netball, softball.  
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Table 1 Characteristics of the participants at each testing phase, classified by gender (means, SE of mean of raw data) 

      Grade 2     Grade 4     Grade 6 
  N 5% Median 95%  N 5% Median 95%  N 5% Median 95% 
                
  Height F 390 120.1 128.6 137.3  301 130.3 140.5 150.3  277 141.5 154.1 164.7 
 M 414 120.6 130.2 139.4  303 130.9 141.9 152  286 141.2 153.5 166.3 
  Weight F 390 21.7 27.3 39.8  301 26.4 34.5 53.0  277 32.74 45 66.2 
 M 414 22.5 28.0 38.6  303 27.2 35.5 50.3  286 33.2 44.8 66.5 
  CRF F 388 2.2 3.2 5.4  285 2.6 4.1 7.3  239 3.0 5.2 8.9 
 M 410 2.2 4.1 6.9  294 2.8 5.4 8.7  251 2.9 6.2 10.1 
  PA F 397 80.1 97.3 113.4  397 78.8 93.5 110.7  397 77.1 91.4 106.5 
 M 423 90.4 107.9 126.9  423 84.5 102.2 120.1  423 78.5 98.0 116.5 
 PFAT F 365 19.2 27.1 39.5  290 18.5 28.5 41.9  256 18.3 26.6 39.5 
 M 369 15.3 21.8 34.3  296 15.6 23.9 36.7  278 14.2 23.5 38.6 
 BMI F 390 14.1 16.6 22.4  301 14.5 17.7 24.7  277 15.2 19.0 26.2 
 M 413 14.2 16.5 21.1  303 14.7 17.6 23.7  286 15.5 18.9 25.3 
 Ball  F 384 0 9 30  292 5.1 24 37.9  276 15.3 34 40 
Catching M 406 0 18 36.2  293 11 32 39  281 23 38 40 
                                

 

Characteristics of the participants 

There were no significant group differences in any of the 
baseline measures (Table 2) and no evidence of any group 
variation in pubertal development (Tanner stage) either in 
grade 4 or 6. Of interest, but bearing in mind the 
limitations of body mass index16, are general classifications 
of overweight and obesity using this index17. For the girls in 
grade 2, 25% of intervention and 23% of the control group 
were classified as overweight or obese, and in grade 6 the 
respective percentages were 22% and 23%. For the boys in 
grade 2, 19% of the intervention group and 20% of the 
controls were classified as overweight or obese, and in 
grade 6 the respective percentages were 23% and 29%. 
 

RESULTS 

Table 1 shows characteristics of the participants at the 
baseline and at each testing phase as unadjusted raw 
values.   
 
Table 2 shows the means of adjusted values of the Throw 
and Catch test. The values are the addition of all successful 
catches. Of note are the higher value achieved by boys 
than girls at each grade, but also that the percentage 
difference between boys and girls diminishes with age, 
boys achieving 56%,  29%, and 12% more successful throw 
and catches than the girls at grades 2, 4, and 6. 
 

Table 2 Throw and Catch (adjusted means, standard deviation) 
classified by gender and grade  

 Grade 2 
Age 8.0, 

Grade 4 
Age 10.0, 

Grade 6 
Age 12.0, 

    

Boys 17.2,12.7 29.9, 8.9 35.6, 5.8 

Girls  11.0,9.4 23.1, 9.8 31.7,7.4 

 

There was no evidence that the specialized physical 
education produced any variation in the progression of 
eye-hand coordination competence during the four years 
of this study in comparison with the classroom teacher-
taught physical education. 
 
Table 3 presents the relationships of PA, CRF and %BF with 
the Throw and Catch test. These relationships were 
measured at the between-child level and each was 
significant, following adjustment for body weight which 
has been shown to be a significant predictor of most other 
variables of interest in the LOOK study. It is noted that 
after adjusting for the logarithm of weight that %BF 
sustains a strong negative relationship with the Throw and 
Catch test. 
 

Table 3  Relationships of physical activity, fitness, percent fat 
and weight with Catch and Throw 

 Boys Girls 
 β, SE p-value β, SE p-value 

     
PA 0.3,0.04 <0.001 .14,.04 <0.001 

√CRF 8.3,1.2 0.002 8.4,1.3 <0.001 

%BF -10.3,2.1 <0.001 -6.4,1.9 0.001 

lnWt* 12.8,2.5 <0.001 8.6,2.3 <0.001 

Numeracy** NS NS .73,.38 0.06 
*values according to the model containing %BF 
**Numeracy was treated as the Response variable, Catch and Throw as 
the explanatory variable. NS=not significant 

 
 
There was one relationship of significance demonstrated 
at the within-child level, this being with CRF in the girls 
(p=0.001).  This is shown in Figures 2a, 2b which illustrate 
the between-child and within-child relationships for boys 
and girls separately. 
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Figure 2a   Relationships in the boys between the Throw and 
Catch test of eye-hand coordination and cardiorespiratory 
fitness, adjusted for body weight. The circles represent 
individual boys and the line through each circle is the average 
slope of the relationship with the boys from year to year. The 
dark line represents the relationship overall, incorporating 
between-child and within-child relationships. 

 
 

Figure 2b   Relationships in the girls between the Throw and 
Catch test of eye-hand coordination and cardiorespiratory 
fitness, adjusted for body weight. The circles represent 
individual boys and the line through each circle is the average 
slope of the relationship with the boys from year to year. The 
dark line represents the relationship overall, incorporating 
between-child and within-child relationships. 

 
 

DISCUSSION  

Our data show that the higher a child’s general physical 
activity, fitness and the lower a child’s %BF the higher is his 

or her eye-hand coordination. These relationships specific 
to throw and catch test  add specificity to the generalized 
findings reported following a review18 that relationships 
exist with batteries of tests designed to evaluate 
fundamental motor skills. Indeed, Australian studies have 
contributed well to this literature5 19. 
 
It is noted however that one Australian study was not able 
to detect any significant relationships between physical 
activity and ball skills20 but their lack of evidence may be 
related to limitations in statistical power with the numbers 
of participants (124 boys and girls) and the range of ages 
(6-12 years). The current study not only shows that throw 
and catch proficiency is related to PA, but also to fitness.  
 
We make further contribution to the literature with our 
longitudinal data. As girls become older, those who 
increase their fitness the most achieve the greater 
improvements in the throw and catch test; or conversely 
those whose fitness improves least have the least 
improvements in eye-hand coordination. Our obser-
vational study does not permit strong inferences on any 
causal aspect to this association, although it does 
encourage some speculative discussion as presented 
below. In any case, any within-child associations are of 
exceptional interest, given that relationships derived from 
longitudinal data are more difficult to demonstrate than 
between-child associations. This is due to the lower 
numbers of observations and lesser variation within a child 
than between children in the cohort, where observations 
at each of the grades are considered together.  
 
The current data also indicate a strong positive 
relationship between eye-hand coordination and body 
weight. This relationship was sustained after adjustment 
for pubertal development and %BF (itself negatively 
associated with the throw and catch test), and may reflect 
coincidental development of the neuromuscular systems.  
 
That body weight is positively and significantly associated 
with eye-hand coordination, and %BF being negatively and 
significantly associated, points to the potential confusion 
that may arise from using body mass index (body weight 
(kg)/height (m) squared, BMI) as an indicator of body fat. 
We have in fact alluded to this in the overall introduction 
to this LOOK report. The numerator of BMI represents the 
sum of lean and fat mass, the former, like weight, also 
positively associated with eye-hand coordination (data not 
shown here) and the latter negatively. This may explain 
why studies using BMI as the surrogate of body fatness in 
the investigation of relationships between fundamental 
motor skills, overweight and physical activity (e.g. Hume et 
al 2008) have incurred difficulty in interpreting some of 
their findings.  
 
The Bluearth specialised physical education program 
certainly coincided with improvements in eye-hand 
coordination with each year. The importance of a control 
group is well demonstrated here because the control 
group also coincided with similar improvements during the 
four years. That we did not find any additional effect of the 
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special physical education program conducted by the 
Bluearth coaches was not entirely unexpected because the 
control program of physical education conducted by the 
classroom teachers focused considerable attention on 
throwing and catching skills. Moreover, out of school 
physical activities are traditionally based around sports 
such as football, basketball, netball, tennis, cricket, 
softball, baseball which all involve ball skill development, 
so coaches of sporting teams are likely have a great deal of 
influence in the development of eye-hand coordination as 
well. The Bluearth program itself consistently provided 
eye-hand coordination work within lessons, mainly 
through small apparatus such as beanbags, Frisbees, and 
balls, and, judging by the year by year improvements in 
boys and girls, the intervention and traditional physical 
education programs might be judged as being equally 
successful in developing eye-hand coordination during the 
pre-adolescent years.   
 
On the other hand, a study conducted in USA has shown 
that a program taught by specialists produced superior 
eye-hand coordination improvements in comparison with 
a program taught by general classroom teachers (21% v 
13% improvements respectively), at least over a  6 month 
period 21. Of interest would be whether this effect could be 
sustained over a number of years. 
 
Another group has also recently reported a positive 
intervention effect on motor skill development22. The 
effective program conducted by these Swedish workers 
involved daily balance and coordination training. They 
suggested that the success of the intervention was partly 
due to the control group only receiving two days of 
standard physical education, which they feel was not 
enough to elicit development of motor skills in young 
children. Another important, and encouraging finding in 
the Swedish report was that the advantages gained from 
the intensive training of motor skills carried out in the 
early primary school period were sustained in following 
years and even 9 years later at age 14.  
 
Our data indicate that boys were more proficient at the 
throw and rebound catch than girls. This is consistent with 
a French study that utilized a machine to propel tennis 
balls at different trajectories to children who attempted to 
catch them with one hand23. Boys were generally better 
performed than girls, and older children achieved better 
results than younger ones. Another cross-sectional study 24 
suggested that by early teens there was little difference in 
catching ability between boys and girls.  
 
The current study’s longitudinal data with children 
followed from age 8 to 12 years extend on these cross-
sectional findings because they not only show that 
individuals improve as they get older, but also that the gap 
between the eye-hand coordination of the boys and girls 
diminishes with age.  It appears that the boys’ eye-hand 
coordination develops earlier than the girls, this being 
particularly evident with their test score at age 8 being 
56% higher than that of the girls. We can speculate that 
boys were more inclined than girls to practice catching and 

throwing during pre-school days, but the possibility of 
inherited gender differences in throwing and catching skill 
does remain. In any case the girls almost catch up by age 
12, but not quite, remaining on average 12% below the 
boys in their total score of 20 trials each of two and one 
hand catches.  
 
We chose to investigate eye-hand coordination as the 
response variable, investigating whether PA, CRF and %BF 
could explain the variation in eye-hand coordination. An 
alternative method of investigation would have been to 
treat PA, CRF, %BF in turn as the response variables and 
calculate the degree to which eye-hand coordination 
explained their variation. In any case we are not in a 
position to make strong causal inference, let alone the 
direction of cause, but the relationships do stimulate 
collegiate debate.  
 
In tentatively addressing the question as to why these 
relationships might occur, we can also consider whether 
they represent any practical significance. Might there be a 
degree of “physiological communication” between those 
parts of the brain involved with neuromuscular co-
ordination with neuroendocrinal control centres related to 
adiposity and physical activity? This is distinctly possible, 
given the links between our brain with control of blood 
sugar, muscular growth, strength, mitochondrial density, 
fitness and adiposity...and possibly also with our inbuilt 
inclinations toward physical activity as first proposed by 
Rowlands25 and later by Wilkin26

.  Furthermore, as alluded 
to in the chapter on literacy and numeracy achievement, 
there is certainly plenty of evidence to support the 
hypothesis of the mutually beneficial and coincidental 
development of the brain and muscular, circulatory and 
nervous systems, especially within the plasticity of 
childhood growth processes.  
 
Another and quite plausible explanation for any causal 
relationship between eye-hand coordination and physical 
activity is that a more physically active child in elementary 
school is more likely to practice activities and develop skills  
that might transfer into better throw and catch control 
mechanisms. We have shown in the chapter on family 
relationships that participation in organized sport is a more 
likely occurrence in physically active children (this could be 
phrased in vice versa terms of course) and most organized 
team sport involves eye-hand coordination practices of 
one kind or another with balls. That more physically active 
children are also fitter and less fat, as indicated in the 
Physical Activity, Fitness and Adiposity chapter, might 
explain why fitness and adiposity (negatively) are able to 
explain a significant degree of variation in a child’s eye-
hand coordination.  
 
The two suggested links between motor coordination and 
physical activity, fitness or adiposity are not mutually 
exclusive and are included to stimulate ideas from readers 
for future research, but they also provides an introduction 
into a comment on the practical significance of our 
findings in terms of physical activity.  
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The practical significance of the explanatory value of PA, 
CRF and leanness toward eye-hand coordination might be 
addressed from two directions. On the one hand, there is 
the possibility that repetition and variety of muscular 
activity and movement of limbs and body in space can 
assist development of neuromuscular pathways between 
the brain, the eye, muscles and joints to promote 
development eye-hand coordination. On the other hand, 
better eye-hand coordination may simply lead to greater 
success, enjoyment and a pathway into organised sport, 
increased physical activity levels, better fitness and lower 
%BF.   
 
While we have not yet explored much of the LOOK data 
bank in any comprehensive interdisciplinary depth, it will 
be of interest in future LOOK analyses to study 
relationships of motor skill characteristics, including eye-
hand coordination and postural stability, with various 
health outcomes, such as insulin resistance, bio-markers of 
cardiovascular disease and psychological stress, as 
indicated in a recent review of the literature18. In their 
review of the literature alluded to an absence of studies of 
this type, recommending that this important area be 
addressed. 
 

CONCLUSION 

Irrespective of any causal relationship or its direction, the 
coincidence of better eye-hand coordination, PA, CRF and 
lower %BF suggests that strategies to improve physical 
activity, fitness or to reduce body fat have the potential to 
benefit directly or indirectly from incorporating activities 
to improve eye-hand coordination. Conversely, eye hand 
coordination might well be improved by taking steps to 
improve PA, CRF and reduce body fat. We also conclude 
that whilst girls are not as competent in the throw and 
catch test as boys, they close the gap between the ages of 
8 and 12, and in girls improvement over these years is 
related to improved fitness. Finally, children in the 
specialized physical education program did not improve at 
any greater rate than those in the currently practiced 
program taught by classroom teachers.  
 
 
 

What is known on this topic 

• There is evidence that primary school aged children 
who score better in a battery of fundamental motor 
skills (including running, jumping, throwing, catching, 
kicking, hitting, balance etc)  are more physically active, 
fitter and leaner. 

•  Boys generally possess better throw and catch ability 
than girls  

• Children who possess better motor skills tend to 
become fitter adolescents 

What this study adds 

• Both boys and girls improve eye-hand coordination, as 
indicated by the throw and catch test,  as they progress 
from grade 2, (age 8 yr) through to grade 6 (age 12 yr). 

•  On average, boys have greater eye-hand coordination 
than girls throughout primary school, but the gap 
closes as the children become older. 

• Specialized physical education provided by the Bluearth 
Foundation and traditional physical education taught 
by classroom teachers did not differ in their effect on  
the rate of development of eye-hand coordination in 
the boys or girls 

• Boys and girls with better eye-hand coordination are 
more active, fitter and leaner, and, as indicated by the 
strong underlying correlate body weight, they are also 
heavier. 

• Girls whose fitness improved the most between the 
ages of 8 and 12 also made the best improvements in 
eye-hand coordination.  

• Girls hand-eye coordination improved more than the 
boys during age 10 to 12. 
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ABSTRACT 

Background:  When aligning a rotated rod to vertical (the 
Rod and Frame Test) some people are able to avoid being 
distracted by a surrounding tilted frame, and produce very 
small alignment errors. Such individuals are described as 
Field Independent. At the other end of the spectrum are 
Field Dependent individuals who make large errors in the 
presence of a tilted frame. There is evidence that Field 
Independent athletes tend to excel at ‘closed’, individual 
sports such as swimming or field sports, where the ability 
to focus on detail and exclude distraction is important. 
Field Dependent athletes appear to be more suited to 
‘open’, team games such as football, where an awareness 
of the larger picture is important. It is also proposed that 
Field Dependent subjects make use of more efficient 
strategies in the maintenance of posture and balance than 
Field Independent subjects. 
  
It is known that Field Independence develops during the 
ages of 7 – 17years.  This study was designed to investigate 
if specialist conducted physical education had any effect 
upon development of Field Independence in primary 
school children. 
 
Methods:  A computer-based Rod and Frame test was 
used to measure the accuracy of schoolchildren when 
aligning a rod to vertical in the presence of a tilted frame. 
Two groups of children were tested – a control group 
(initially 356 subjects) who received  normal school 
physical education classes, and an intervention group 
(initially 417 subjects)  who received special physical 
education classes. The absolute (unsigned) alignment 
errors were measured at ages 7-8 (Grade 2), 9-10 (Grade 
4), and 11-12 (Grade 6) years of age. 
 
Results: In both control and intervention groups there 
was a wide spread of alignment errors between individuals 
at the youngest age, which progressively narrowed with 
age. In Grade 2 more than 50% of the children had median 
errors exceeding 5°, this visual dependency decreased to 

less than 25% at Grade 6. Grade 2 females were also more 
visually dependent than males, although this difference 
decreased at the older ages. 
 
No difference was found in the decreasing trend in visual 
dependency between the control and intervention groups 
with age. In addition analysis of the Rod and Frame data 
for relationships with physical activity, body composition 
and cardiorespiratory fitness, failed to demonstrate any 
consistent relationships in either of the groups, although 
there was a small negative relationship between physical 
activity and Rod and Frame alignment errors in boys, but 
not in girls. 
 
Conclusion:  This study confirmed previous reports that 
Field Independence as measured by the Rod and Frame 
test developed between the ages of 7 and 12 years old, 
and that there were gender differences. It failed to 
demonstrate that the special physical exercise program 
had any influence on the development of Field 
Independence in relation to classroom teacher-conducted 
physical education. 
 

Number of measurements 

   Intervention Control 
  Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 Field dependence, 
body composition, 
fitness, physical 
activity 

219 198 178 178 

       
Grade 4 
(2007) 

 Field dependence, 
Postural stability, 
body composition, 
fitness, physical 
activity 

158 156 140 133 

   
    

Grade 6 
(2009) 

 Field dependence, 
Postural stability, 
body composition, 
fitness, physical 
activity 

153 134 123 129 

       

 
 

INTRODUCTION 

 
Field dependence-independence is a concept of cognitive 
style developed by Witkin1 in the 1950’s.  The ability of 
subjects to align a rod to vertical in the presence of a tilted 
surrounding frame (the “field”) in the Rod and Frame Test, 
or their ability to identify hidden figures in a distracting 
background in the Embedded Figures Test, is used to 
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distinguish Field Dependent subjects from Field 
Independent subjects.  The perception of Field Dependent 
Subjects is highly influenced by the distraction whereas 
Field Independent Subjects are less perturbed by the 
surround. 
 
Field Dependent Subjects are described as being more 
concerned with the overall picture (holistic), whereas field 
independent subjects tend to be more focused on detail, 
have a more analytical approach and are less socially 
orientated2.  It is suggested that the two groups respond to 
different educational approaches.  Field dependent 
individuals respond to group work better, whereas field 
independent students can self-structure situations and 
work independently.  In general individuals who score as 
Field Independent on the Embedded Figures Test tend to 
achieve better results in academic subjects2. 
 
It has also been suggested that Field Dependence/ 
Independence may be a factor in determining performance 
in different types of sport3. Sports are frequently classified 
as ‘closed’ or ‘open’. Closed sports, such as swimming or 
track and field, take place in a relatively predictable and/or 
stable environment, and are often individual endeavors. 
Open sports take place in unpredictable and changeable 
situations, and are frequently team games such as football 
or basketball. In addition to control of the ball in these 
sports the players need to be aware of the position and 
intentions of both their opponents and their own team 
members.  
  
It is suggested that Field Independent athletes should be 
better at filtering out distractions and would therefore be 
more suited to closed sports, whilst the awareness of the 
broader picture possessed by Field Dependent individuals 
will help them to excel in open team sports.  The 
suggestion of a link between Field Dependence / 
Independence and performance in open / closed sports 
has been investigated in a number of studies4, not all of 
which have been favourable, but the balance of the 
evidence tends to support the proposal. 
 
Recent evidence suggests being Field Dependent implies a 
dominance of vision in the formation of a frame of 
reference for a particular motor task. The visual 
dominance of the perceptual style often leads to a 
movement performance characterized by a “locking down 
strategy” of consecutive motion segments. To be Field 
Dependent is a strong indicator of a less secure boundary 
of stability and reduced balance skills5. 
  
Alternatively, to be Field Independent suggests that a 
more skilful mode of balance control is available for a 
specific movement task. The visual input is not dominant 
in forming the frame of reference for the movement, but is 
matched with input from the vestibular system and other 
sensory inputs 6. This provides a more skilled mode of 
movement for a specific task which is flexibly arranged and 
is dependent on the environment and task constraints, 
giving increased postural stability.  
 

Witkin et al.7 showed that Field Dependence scores 
recorded using the Rod and Frame Test fell rapidly 
between the ages of 8 and 17 years, indicating that Field 
Independence develops during this time. This is a time of 
life when large and rapid changes are occurring in both the 
physical and mental domains. Coordination and physical 
skills are also developing at this age, and these many 
factors may determine in which area of sport (open or 
closed) an individual performs best.   The Rod and Frame 
Test was incorporated in the LOOK study to investigate the 
development of Field Dependence/Independence at this 
stage of life and to address the following questions: 
 
 
1. Does the level of activity in a child’s lifestyle influence 

the development of Field Independence? What are the 
relationships between Field Independence and physical 
activity, body composition and cardiorespiratory 
fitness? 

2. Is the perceptual development towards Field 
Independence different in children who have 
undergone four years of special physical education 
compared with children who undergo current practice 
physical education? 

 
Much of the published data has been obtained using 
variants of the mechanical Rod and Frame systems 
developed by Witkin et al.1 and Oltman8. The present 
investigation used a computer based Rod and Frame 
system that was readily portable and required no specialist 
facilities (a modified form of that described in Bagust et 
al.9).  
 

Intervention and control programs 

We have presented a description of the Bluearth 
intervention program and classroom teacher-conducted 
control program in our associated chapter on postural 
stability. 
 

METHODS 

 
The Computer Rod and Frame (CRAF) test used in these 
investigations was a modified version of the program 
described by Bagust et al. 9. The program was written in 
Visual Basic, and ran on a portable laptop computer.  The 
subject was presented with a square white frame on a 
plain black background (Fig 1a).  Within the frame a single 
white line could be rotated around its centre in either 
clockwise or anticlockwise directions by depressing the 
right or left mouse buttons respectively. The rod rotated in 
steps of 0.5° for each mouse key press.  

The Rod and Frame display was presented to the subjects 
on a 17 inch flat screen monitor. A black cylinder 13 inches 
diameter and 18 inches long placed in front of the screen 
formed an optical tunnel. One aspect of the cylinder 
abutted the screen and the other opening allowed the 
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subject to rest their chin inside the tube. A black velvet 
cloth covered the subjects head to eliminate any light (Fig 
1b), removing any peripheral visual cues of verticality.  

The subject was seated with the screen and viewing 
cylinder at eye level. Children were instructed to look 
through the viewing tube and are asked what they saw. 
The child was asked to imagine the rod to be a rocket ship 
that is to be pointed straight up towards an imaginary 
moon. They were told if the rocket is not pointing straight 
up then it will miss the moon and crash. The child was 
given 2 practice sessions to rotate the rocket ship (rod) 
before launch. The child reviewed their response and the 
alignment error was explained and the child was shown 
where the true vertical of the “rocket ship” was. 
  
The practice presentations were observed and any child 
showing signs of not having understood the instructions, 
or of aligning the rod to the frame, was further tutored. 
Time was spent on establishing a reasonable 
understanding of the task. Less graphic instructions were 
given in Grades 4 and 6 as children appeared to 
understand the verbal instructions more readily. 
 
Each subject completed a pre-programmed sequence of 12 
rod and frame tasks with the frame tilted 18° in either a 
clockwise (+18°) or anticlockwise (-18°) direction from the 
vertical. The rod was initially positioned at an angle of 
either +20° or –20° from vertical. The subject’s task was to 
rotate the rod to the alignment they perceived as vertical. 
When satisfied with the position of the rod the subject 
pressed the space bar on the keyboard, clearing the screen 
for 1 second before the next rod and frame were 
displayed. At the same time the computer recorded the 
angle of the rod relative to vertical (0°).  The first 2 
presentations of each sequence with the frame tilted -18°, 
and +18° respectively were used to familiarise the subject 
with using the system.  These were discarded in the 
analysis. 
 
After the 2 practice presentations the remaining 10 
presentations consisted of 5 replicates with the frame 
tilted +18° (clockwise) and 5 with the frame tilted -18° 
(anticlockwise) in random order. The starting angle of the 
rod was varied between +20° and -20°.  To eliminate 
possible bias and learning effects the order of display 
presentation was automatically selected by the computer 
at the beginning of each trial from a bank of 4 randomised 
sequences.  Positioning errors were recorded by the 
computer as degrees from the vertical (negative values 
indicate an anticlockwise error; positive values indicate a 
clockwise error).  

The mean absolute (unsigned) error in rod alignment was 
calculated from the ten test presentations for each 
subject. This is the most common way of treating Rod and 
Frame data. It loses the information on the direction of the 
error, but gives a single figure that represents the average 
error over the ten replicate presentations. 
 

 
Figure 1a).Rod and Frame screen display frame tilted +18°, rod tilted -20°, 
b). The Rod and Frame system in use. The seated subject views the 
monitor display through a viewing tube under a black cover to eliminate 
peripheral cues. 

 
 
The Rod and Frame data was divided into 2 groups; control 
and intervention. Each of these groups was analysed 
(combined male plus female) and further subdivided by 
gender into male and female groups.  None of the groups 
followed a normal distribution and the data were 
therefore logn transformed for statistical analysis. 
  
Possible relationships between the Rod and Frame values 
and other recorded parameters; physical activity, cardio-
respiratory fitness and percentage body fat were 
investigated using the statistical model. 
 

Statistics 

We have presented an outline of the statistical method in 
our associated chapter on postural stability. The 
methodology was essentially the same 
 

RESULTS 

 
Distribution of absolute errors 
 
There was a wide spread of the mean absolute errors at all 

three ages, with modal values at 2° for each age (Fig 2). At 
the youngest age the distribution plot shows a large 
number of individuals with errors in the 8°- 18° range, with 
progressive reduction in the number of errors in this range 
at the two older ages. At all three ages there were a 
number of individuals who exhibit errors equal to, or 

greater than the frame angle (18°). 
 
Table 1 presents the descriptive statistics for the Rod and 
Frame studies.  Because of the wide spread of the 
alignment errors the data does not follow a normal 
distribution, only medians and the 5th and 95th percentiles 
are given.  The data for the Control and Intervention 
groups are presented by Grade, subdivided into male and 
female groups. 
 
 
 
 



 
 

155 
 

Table 1 Medians and percentiles for the Rod and Frame absolute 
alignment errors in the three measurement periods.  

 
The median alignment error decreased progressively with 
age in all groups, reflecting the observed changes in the 
distribution patterns. Between the youngest and oldest 
ages the median was approximately halved, changes which 
were highly significant in all cases. Despite these changes 
the range of errors in each group remained wide in all the 
age groups (Figure 3), reflecting some individuals who 
exhibited large errors even in Grade 6. 
 

 

Figure 2  Comparison of the mean absolute alignment errors (± 
95%CI) recorded at different ages between females and males. 
The values for the absolute errors were back-transformed from 
the ln values 

Effects of gender 

Females in both the control and intervention groups had 
significantly larger mean and median errors than males 
(Table 1 and Fig 3). This difference was present at all ages 
but was smaller at the higher Grades.  
 
 

 
Figure 3  Comparison of the mean absolute alignment errors (± 
95%CI) recorded at different ages between females and males. 
The values for the absolute errors were back-transformed from 
the ln values. 

 
 
Frame dependence/independence 
 
In adults large alignment errors are interpreted as 
increased frame dependence, and error values above a 
fixed threshold are considered as evidence of frame 
dependence. The data in this study show a large range of 
errors at the younger ages, progressively declining as the 
children develop.  Under these circumstances it would be 
inappropriate to apply adult values to determine Frame 
Dependence/Independence. Based on the distribution 
plots (Fig 3) an arbitrary threshold of alignment errors 

greater than or equal to 5° was used identify subjects 
recording large mean absolute errors. 
 

 
n 5th Percentile Median 95th Percentile 

 
Control 

    

     

Female     

Grade 2 177 0.68 1.90 2.93 

Grade 4 129 0.63 1.42 2.73 

Grade 6 125 0.41 1.12 2.95 

Male     

Grade 2 179 0.59 1.58 2.87 

Grade 4 136 0.32 1.25 2.54 

Grade 6 121 0.14 0.98 2.94 

 
Intervention 

    

     

Female     

Grade 2 198 0.69 1.89 2.94 

Grade 4 158 0.50 1.37 3.10 

Grade 6 135 0.22 0.99 3.25 

Male     

Grade 2 219 0.39 1.66 2.90 

Grade 4 159 0.42 1.31 2.83 

Grade 6 150 0.00 0.97 3.19 
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Table 2 Rod and Frame Test Relationships between the Rod and Frame absolute error and the intervention  

 Males and Females Combined Males Females 

 β,se p value             β,se p value                β,se p value 

Intervention  0.75 NS  0.64 NS  0.61 NS 

PAoverall -0.004,0.002 0.04 -0.006, 0.003 0.03  0.68 NS 

PAc -0.005,0.003 0.03 -0.007, 0.003 0.03  0.66 NS 

PAw  0.62 NS  0.24 NS  0.49 NS 
       

CRFo  0.18 NS  0.47 NS  0.68 NS 

CRFc -0.136, 0.079 0.09  0.54 NS -0.228, 0.129 0.08 

CRFw  0.87 NS  0.93 NS  0.88 NS 
       

%BFo  0.13 NS  0.35 NS  0.11 NS 

%BFc 0.257, 0.141 0.07  0.15 NS 0.359, 0.228 0.1 

%BFw  0.94 NS  0.75 NS  0.69 NS 

Pphysical activity (PA); cardiorespiratory fitness (CRF); and percentage body fat (%BF). o =overall, c = between children, w = within child. β = 
slope of relationship. 

 
Fig 4 shows that the percentage of control subjects having 

mean alignment errors above the 5° threshold declined 
progressively with increasing age from 56.9% at Grade 2 to 
23.5% at Grade 6. The intervention group showed a similar 
pattern. 
 

 
Figure 4  Percentage of subjects with alignment errors equal to 
or greater than 5° 

 
Rod and frame test relationships 

The relationship between the Rod and Frame and other 
parameters measured in the LOOK study were examined 
using the statistical analysis described elsewhere in the 
report.  Table 2 shows the relationship between the 
absolute alignment error obtained for the Rod and Frame 
test, and the intervention, physical activity (PA), cardio-
respiratory fitness (CRF) and percentage body fat (BF%). 
 

Effects of the intervention 

The intervention was found to have no significant effect on 
the absolute Rod and Frame alignment error. In each of 
the groupings the p-value was greater than 0.6. 
 

Physical activity and cardiovascular fitness 

No consistent relationships were found between the Rod 
and Frame alignment error and physical activity, 
cardiovascular fitness nor %body fat. Physical activity 
showed a statistically significant relationship with the Rod 
and Frame in boys (Fig 5), but not in girls. The slope of the 
relationship was very small (β = -0.006).  The effects of 
cardiorespiratory fitness and % body fat tended towards 
significance but were not consistent between boys and 
girls. 
 

 

Figure 5  Graph showing the relationship between ln RFT 
Absolute Error and Physical Activity Index for boys at the 
between - child (solid line) and the within-child level, adjusted 
for ln Weight, Age, Puberty  and other design variables. Note 
that estimates and associated statistics are based on a 2 –level 
model and so vary slightly from the full 3 - level analysis 
reported in the Table2. Circles are the adjusted means for each 
child. The short lines represent the mean slope of the within 
child relationships.  
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DISCUSSION 

 
No evidence was found to suggest that the specialist 
physical education undertaken by the children in the 
intervention group had an effect upon the development of 
Field Dependence / Independence as measured by the 
alignment accuracy in the Rod and Frame test. 
 
The largest change in the Rod and Frame errors recorded 
over the four years studied was a progressive reduction 
from the large mean and median values in the Grade 2 (7 – 
8 years old) sample.  This occurred in both the control and 
intervention groups.  A similar pattern was found in 
children by Witkin et al.7 using a mechanical Rod and 
Frame system, who reported large errors between the 
ages of 8 – 10 years, reducing to adult values by 17 years 
of age.  There are no directly comparable data for adult 
values using the version of the computer Rod and Frame 
system designed for the LOOK study, but the small mean 
errors recorded with adults using other computer based 
systems9-11 suggest that the changes would continue into 
the teens as reported by Witkin et al.7. 
 
The changes in the distribution of the errors at the three 
ages show a progressive ‘condensation’ from a broad 
distribution at the youngest ages and a concentration of 
alignment errors in the range of 2-5° in the older groups. 
There was a concurrent reduction in the number of errors 
in the range from 6-17° at the older ages.  Over the 4 years 
of the LOOK study the percentage of errors greater than 

5° approximately halved, although it was still a factor of 
two greater than that seen in adult studies7.  
 
Witkin et al.7 ascribed these changes to the development 
of field independence during late childhood and early 
adulthood. An alternative explanation for the large spread 
of alignment errors at the youngest ages may be that a 
substantial number of the 7 – 8 year old children did not 
properly understand the task. The small peak on the 
distribution plots around 18° corresponds with the frame 
angle, suggesting that despite the care taken in ensuring 
describing the task, a number of the children were aligning 
the rod with the frame. A similar pattern has been seen in 
elderly subjects12 where a number of subjects were 
identified as having memory or comprehension problems. 
This, however, does not explain the large number of 
children who had errors between 5° and 18° and suggests 
that a substantial proportion of children at the younger 
age (7-8 years) were influenced by the tilt of the 
surrounding frame.  
 
The differences in alignment errors between males and 
females in young subjects were also similar to that 
reported by Witkin et al.7. In the current study the gender 
difference was smaller at the older ages and did not reach 
statistical significance, whereas Witkin et al.7 reported that 
it was maintained into the mid-teens. 
 
A negative relationship was found between the physical 
activity index (PA) and the Rod and Frame alignment error 

for boys, but not for girls.  Increases in physical activity 
were associated with greater accuracy of rod alignment.  
Although statistically significant, the slope of the 
relationship was low, (ß = -0.006). Taking into account that 
the analysis used ln absolute RFT error, this translates to a 
6% decrease in the RFT error for an increase in 2,100 steps 
per day (increase in PA from 100 to 110).  In the case of an 
individual with an error of 4 ° the extra 2,100 steps per day 
would be expected to be associated with a reduction in the 
alignment error 0.24 °.  This is less than the measurement 
resolution of the Rod and Frame Test system used in this 
study, and is unlikely to be of any practical use in 
predicting outcomes. 
 
Both the Rod and Frame and the Postural Stability 
components of the LOOK investigation showed large 
changes over the period of study. In view of the evidence 
for a link between visual Field Dependence/Independence, 
and balance 5,6  it will be interesting to process these sets 
of data through the statistical model to look for a 
relationship between the two. 
 

CONCLUSION 

 
No evidence was found to support an effect of the LOOK 
intervention upon children’s performance in the Rod and 
Frame test. Neither was any convincing evidence found for 
any relationship between Field Dependence/ 
Independence as measured by performance on the Rod 
and Frame Test, and physical activity, body composition 
nor cardiorespiratory fitness. The large progressive 
changes that were observed during late childhood suggest 
that caution should be exercised when attempting to 
classify children as Field Dependent or Field Independent 
at an early age. 
 
What is known on this topic 
 
• Field Independent athletes are better at ‘closed’ sports 

such as swimming or track and field, which are 
frequently individual endeavours requiring concentration 
on detail whereas Field Dependent athletes are better at 
‘open’ team sports such as football and basketball, which 
require an awareness of the larger environment. 

 
• Field Dependent subjects make use of more efficient 

strategies in the maintenance of posture and balance 
than Field Independent subjects. 

 
• Field Dependence/Independence develops between the 

ages of 7 – 17 years. 
 
• Males have lower scores (higher Field Independence) 

than females on the Rod and Frame Test than Females of 
corresponding age during the development period. 
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What this study adds  
 
• The median Rod and Frame error scores exhibited a 

progressive decrease between Grades 2 and 6, which 
was consistent with the development of Field 
Independence. 

 
• In the youngest age group (Grade2) there was a very 

wide spread of Rod and Frame Test alignment errors, 
which progressively reduced in Grades 4 and 6. 

 
• Even in Grade 6 more than 20% of the children had 

alignment errors greater than 5°. 
 
• Confirmation that over the period of study males exhibit 

smaller Rod and Frame alignment errors than females of 
the equivalent age. 

 
• There was no evidence that physical education provided 

by specialist teachers in primary school can influence the 
development of Frame Dependence/Independence. 
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ABSTRACT 

 
Background: Blood lipids and markers of inflammatory 
status are associated with risk of cardiovascular disease in 
adults. The same biomarkers are under study in children, 
but their status as predictors of cardiovascular disease in 
children is not as well established. 
 
Objective: To quantify cross-sectional and temporal 
relationships between a series of biomarkers of adult 
cardiovascular disease and percent body fat, 
cardiovascular fitness, physical activity and to determine if 
the Bluearth specialist taught physical activity program can 
modulate these risk factors.  
 
Participants:   Initially 369 boys and 365 girls at age 8.0 
(SD=0.3) years from 29 government funded primary 
schools.  
 
Outcome measures:   The following were measured at 
the end of grades 2, 4 and 6: blood concentrations of total 
cholesterol (TC); low density (LDL-C), high density (HDL-C) 
and lipoprotein cholesterol; triglycerides (TG); C-reactive 
protein (CRP); uric acid (UA); homocysteine (HC); percent 
body fat (%BF: DEXA); cardiorespiratory fitness (CRF: 
multistage shuttle test), and physical activity (PA: 
pedometers).  
 
Results:   On a population (between-child) basis, percent 
body fat (%BF) was positively associated with LDL-C 
(p<0.01), with TG (boys only p=.03) and also with CRP 
(p<0.001) in both boys and girls. Negative associations 
were found between LDL-C and fitness but these were not 
as strong, and there was also evidence of negative 
relationships between TG and fitness (overall p=.05, .06 
boys, girls respectively). There were within-child 
(temporal) associations between %BF and LDL-C (p<.001, 
=.001 for boys, girls respectively) and between %BF and 

CRP (p<.001 for both boys and girls), and a biphasic 
relationship was demonstrated where an increase in CRP  
occurred above a threshold of around 26% and 30% body 
fat for boys and girls respectively. Within-child associations 
also occurred between fitness and CRP for boys but not 
girls. An intervention effect was demonstrated in the boys, 
the age-related TC and  LDL-C between grades 2 and 4 
being attenuated in the intervention group relative to the 
control group (both p= 0.03). 
 
Conclusions:  The within-child relationships, supported by 
strong between-child relationships, indicate that in 
children as young as 8-12 years, blood chemistry is 
sensitive to changes in %BF; blood concentrations of TC 
and CRP increasing (relative to their peers) when %BF is 
increased. Similarly TG is sensitive to changes in total 
physical activity, with relative increments in physical 
activity leading to decreases in TG. Of particular interest 
was the finding of a threshold of %BF of around 26-30% 
above which CRP increases in our young cohort of 
apparently healthy children. Finally, a twice weekly 
physical education program showed that it can make a 
contribution to preventative medicine, at least in 
participating boys, as their blood LDL-C was lowered 
relative to boys participating in current practice primary 
school physical education. 
 
 

Figure 1 Timing and numbers of observations 

   Intervention Control 
  Measurements Boys Girls Boys Girls 

       

Grade 2 
(2005) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

205 188 181 153 

 Puberty 
Assessment 

NM NM NM NM 
   

    

Grade 4 
(2007) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

147 150 132 131 

 Puberty 
Assessment 

83 98 81 78 
   

    

Grade 6 
(2009) 

 Blood collection 
DXA 
Fitness 
Physical Activity 

121 130 108 109 

 Puberty 
Assessment 

115 122 97 100 
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INTRODUCTION 

 
The American Heart Association has pointed out the 
importance of studying the distribution of markers of 
inflammation and cardiovascular disease in young children 
and adults1 as there is evidence that childhood 
measurements of adult-related biomarkers of chronic 
disease might provide an early indication of sub-clinical 
cardiovascular disease and/or risk of cardiovascular 
disease (CVD) in later life2. Whether or not these 
biomarkers of chronic disease may be modified in children 
through changes in physical activity, fitness or body 
composition is not well understood3 because there is a 
relative lack of longitudinal data from which temporal 
changes can be studied. 
  
Unfortunately many studies on relationships between risk 
factors and fatness and/or physical fitness and activity, 
which have been reported in children, can be difficult to 
interpret or even misleading because of the failure to take 
into account potentially confounding variables. Thus in a 
recent review of longitudinal studies it was claimed that 
there was very little evidence to suggest childhood obesity 
was an independent risk factor for cardiovascular disease 
in adult life4, some studies even suggesting that the 
thinnest children who became overweight as adults had 
the highest adult metabolic risk profile5.  
 
On the other hand, cross sectional studies show positive 
relationships between adiposity and TC, LDL-C, TG and 
inflammatory markers such as CRP in young children6. 
Cross sectional studies also show negative associations 
between cardio respiratory fitness and blood risk factors in 
children7, although in many instances inflammatory 
markers such as CRP were not independently associated 
with physical activity and/or physical fitness8, adiposity 
explaining much of the variation. Perhaps the most 
balanced interpretation of the literature might come from 
a review of 40 separate studies9 where it was concluded 
that both fatness and fitness can contribute independently 
to changes in levels of inflammatory mediators including 
CRP.  
 
This study set out to contribute to our general 
interpretation of how (adult developed) biomarkers might 
relate to healthy growing preadolescent children. 
Specifically, our objectives were two-fold. Firstly it was to 
measure within-child (longitudinal) and between-child 
(cross sectional) relationships between biomarkers of 
cardiovascular disease and each of physical activity (PA), 
cardiorespiratory fitness (CRF) and percent body fat (%BF). 
Secondly we sought to determine whether a specialized 
physical activity program conducted by visiting specialist 
teachers was able to influence any of these biomarkers 
over a four year period.   
 
 
 
 

METHODS 

 
Figure 1 indicates the general schema of this section of the 
LOOK project. The progressive reduction in numbers of our 
study over the four years were due to children moving 
school or being absent from school (approximately 60%), 
failing to comply with test procedures such as returning 
consent forms or forgetting to fast (approximately 20%), or 
unwillingness to provide a blood sample or our inability to 
obtain a sample (approximately 20%). An analysis of data 
from children who withdrew from the study revealed no 
evidence of bias in regard to body composition or fitness. 
We have no reason to suspect that attrition had any 
impact on our conclusions.  
 

Comparison of the intervention and control programs 

The philosophy and practical elements of the intervention 
physical education program are explained at the provider’s 
(Bluearth Foundation) website10. Comparisons of 
intervention and control programs most relevant to this 
section of LOOK are summarized in Figure 1. Intervention 
classes spent more time in vigorous physical activity and 
fitness activities and there were distinct differences in the 
nature of fitness-related activities as classified by SOFIT 
between the groups. Conspicuous and contrasting features 
of the intervention physical education included its static 
and dynamic activities to develop balance and strength, 
and its variety of games and small group activities 
designed to encourage vigorous physical activity and 
maximal individual participation. Discussion with the 
specialist intervention teachers and inspection of their 
logged lesson summaries revealed an increased emphasis 
on vigorous physical activity as the children became older, 
in grades 5 and 6, compared with grades 3 and 4, but there 
was no indication of any equivalent systematic plan in the 
control program. 
 

Characteristics of the participants 

Grade 2 children (n = 730) from 29 fully government 
funded primary schools in Canberra were selected for the 
study. The estimated average taxable household income 
was very similar to the national average (ATO statistics). 
There were no significant group differences in any of the 
baseline measures of age, height, weight, BMI, body 
composition, fitness and physical activity measures as 
shown in the Insulin Resistance section of this report and 
no evidence of any group variation in pubertal 
development (Tanner stage) either in grade 4 or 6. Of 
interest, but bearing in mind the limitations of body mass 
index11, are general classifications of overweight and 
obesity using this index12. For the girls in grade 2, 25% of 
intervention and 23% of the control group were classified 
as overweight or obese, and in grade 6 the respective 
percentages were 22% and 23%. For the boys in grade 2, 
19% of the intervention group and 20% of the controls 
were classified as overweight or obese, and in grade 6 the 
respective percentages were 23% and 29%. 
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Anthropometry 

Total body and regional body composition (lean and fat 
mass, bone mineral content) was assessed using dual 
energy x-ray absorptiometry (DXA)13 using a Hologic 
Discovery QDR series instrument (Hologic inc., Bedford, 
MA, USA). Total body scans were analysed using Hologic 
QDR System Software Version 12.4 to calculate total mass, 
fat mass and %BF. Body fat was expressed as percent body 
fat - %BF.  Spine and step phantoms were scanned daily for 
quality control. Whole-body phantom was also scanned on 
a weekly basis. Body mass was also measured using 
portable electronic scales to 0.05 kg and height was 
measured by a portable stadiometer to 0.001m. 
 

Cardiorespiratory fitness and physical activity 

assessment 

The 20m multistage shuttle test was used to estimate CR-F 
and has been well established as a field test for children14. 
Children wore pedometers (Walk 4 Life; Plainfield, IL USA) 
on their hip for 7 consecutive days. Children who were 
unable to provide at least three days of consecutive data 
were retested over seven days. For each child PA was 
measured as the number of steps per day recorded on a 
variable number of days over a one week period and a 
single summary index of PA for each child was developed. 
The index included an adjustment for the number and 
particular (week or weekend) days on which the 
measurements were recorded as well as unequal 
replication of data points.  
 

Blood chemistry 

Blood (serum and whole blood) was taken from the 
forearm of overnight fasting children (water only) between 
8.30 and 9.30am at the schools in late 2005, 2007 and 
2009.  Serum samples were mixed and allowed to clot for 
up to 30 minutes prior to centrifugation (10 minutes / 
190g).  An EDTA aliquot was put aside for testing HbA1c, 
hematocrit and haemoglobin. Analysis was carried out at 
the Canberra Hospital pathology laboratory. Samples were 
stored at -800. CRP, and TC, HDL-C, TG and UA were 
assessed on the Architect Ci8200. The HC assay used 
fluorescent polarization immunoassay technology for the 
quantitative of total L-homocysteine on the AXSYM 
(Abbott laboratories, Il, USA). All methods were carried out 
following manufactures instructions and performed within 
acceptable limits as determine by internal quality control. 
CRP was measured by a high sensitive vario-assay using a 
quantitative immuno-turbimetric methodology.   
 
The LDL-C fraction was calculated using the Friedwald 
formula for fasting patients with serum triglycerides less 
than 4.5mmol/L15. 
 
 

 

 

Statistical methods 

Below is an overview of a general data modeling 
framework developed to quantify relationships between 
nominated responses variables and candidate explanatory 
variables for our clustered, longitudinal data. The same 
framework allows us to assess the statistical and practical 
significance of the intervention effect.  
 
Our data are multi-level and the response variables 
representing blood risk measures vary at three levels; 
between-school, between-child (within a school), and 
within-child. The same applies to the candidate 
explanatory variables representing PA, CR-F and %BF. 
Other candidate explanatory variables such as our 
measure of SES vary only at the school level.  
  
A particular strength of our longitudinal study is that our 
multi-level data allow us to segregate inferences 
pertaining to regression relationships at different levels. 
We can estimate the difference in blood measures across 
schools within suburbs which differ by one unit in SES 
score or in the mean of any given explanatory variable 
(PA), and distinguish these estimates from effects of 
explanatory variables on blood measures for individuals. 
Further we can estimate effect sizes for the expected 
change in the response over time per unit change in any 
explanatory variable, for a given individual. 
 
It follows that we do not have to make the strong 
assumption that the between-child and within-child 
relationships are the same, as is the case with cross-
sectional studies. The within-child regression coefficient is 
estimated by comparing individual response at different 
times assuming the given explanatory variable changes 
with time. For most responses there is considerable 
variability across individuals due to unmeasured genetic, 
environmental and life style characteristics. These tend to 
persist over time and their influence is cancelled in the 
estimation of the within- child relationship; they obscure 
the estimation of the between-child relationships.  In other 
words for a given individual we are able to make 
inferences relating to a response by modifying the value of 
a given covariate. This is distinct (and possibly stronger) 
than inferences we can make by predicting, for a selected 
individual from a cohort of individuals, the response on the 
basis of the value of the covariate.   
 
To distinguish these effects and to take account of the 
dependence structure our statistical model has following 
form, with the physical activity index (PA) as an example of 
the explanatory variable. 
 
Blood Risk Factor (biomarker) = constant + Group effect+ 
SES  effect + PAs+ school random effect + Sex effect + 
Sex.Group interaction + PAc+ child random effect + Year 
effect + Sex.Year effect + Group.Year effect + PAw+ 
possible interactions between fixed effects + within-child 
random error where  PAs 

 denotes the vector of PA means 
for each school which varies only at the school level; PAc 

is 
the vector of differences between each child PA mean and 
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the school  mean, which varies only at the child level; and 
PAw 

is the vector of differences between repeat 
observations and the relevant child PA mean, which varies 
only at the observation level.  PAw + PAc + PAs 

represent 
the totality of components of the original vector of PA.  
 
After adjusting for all design variables and other key 
explanatory variables it was assumed that the correlation 
between observations within a child does not depends on 
the number of years between observations.  In general we 
found no empirical evidence to suggest that the default 
‘uniform’ correlation model was inappropriate.    
 
Similar models to the one above apply when PA is replaced 
by the other explanatory variables CRF and %BF. Our mean 
or fixed effect model can be readily extended and 
interpreted within this framework. With PA as the example 
variable, as in the equation above, the current paper is 
concerned directly with PAC and PAs, the relationships at 
the child and the school level. Similar models, except for 
terms involving ‘sex’, apply when modeling boys’ and girls’ 
data separately.  
 
The above model fits within the general framework of 
general linear mixed models. Restricted maximum 
likelihood is used to estimate variance components and 
weighted least squares for estimating fixed effects. 
Statistical significance of effects was assessed by 
calculating adjusted Wald statistics.  
 
General model checking procedures were routinely used to 
identify aberrant data and to check the model 
assumptions. Data transformation of response and 
explanatory variables were used to satisfy distributional 
and linearity assumptions required for validity of 
subsequent statistical analysis. Explanatory variables PA 
and CRF were scaled by square roots and %BF by natural 
logarithms to better meet linearity assumptions. 
 
In the case of the binary response indicating whether or 
not CRP exceeded a measurable threshold of 0.2mg/L, 
linear logistic regression was used.  

RESULTS AND DISCUSSION 

 

Descriptive data and comparisons 

LOOK study group researchers have recently published 
comprehensive reference ranges for a large variety of 
blood measures in healthy, non-selected individuals16. Our 
discussion will not duplicate this. However in Table 1 we 
present medians, centiles, or means where appropriate of 
unadjusted (raw) data of CRP, TC, HDL-C, LDL-C, TG, UA 
and HC for each of the three years under study. Except for 
CRP, frequency distributions of response variables were 

suitable for fitting the general linear mixed model as 
described above. Values for CRP are shown in Table 1 and 
were calculated based on only those values which 
exceeded the detection limit of 0.2mg/ml.  Numbers of 
observation are shown in brackets and differing numbers 
reflect attrition rates. 
 

Blood lipids 

Recently published17 independent pediatric reference 
intervals for lipids in healthy 6-10 year olds are in general 
accordance with our data. At age 8 for example a large (n = 
600) group of healthy North American children showed the 
following levels of TC, LDL-C, HDL-C and TG: 4.25mM, 
2.48mM, 1.39mM and 0.84mM for boys and 4.25mM, 
2.54mM, 1.32mM and 0.91mM for girls. Mean Australian 
values were slightly above these values for TC and LDL-C, 
lower for TG and slightly higher for HDL-C any real 
differences perhaps reflecting variation in measurement 
methodology. This American data also indicated that TC 
and LDL-C declined with age from 8 to 16 while TG 
increased and we observed the same general trend in our 
8-12 year olds. 
 
The mean values for TC were 4.4 to 4.5 mM for both boys 
and girls with no difference between sexes at any year. 
The National Heart Foundation of Australia (NHFA) 
recommends TC in adults should be less than 5.5mM and 
levels between 5.5mM and 6.5mM represent significant 
increased risk of CVD. Levels above 6.5mM represent high 
risk. The 95% percentile of children in this study included 
levels in excess of 5.5mM indicating some children in our 
study exceed recommended levels of total cholesterol for 
adults although as previously mentioned these levels may 
tend to reduce approaching adolescence. Nevertheless, 
these levels are of concern, because childhood total 
cholesterol is associated with undesirable changes to 
carotid intima-media thickness in adolescents and adults, a 
preclinical indicator of developing atherosclerosis.2  
 
There was no difference between mean LDL-C levels for 
boys and girls although there was a trend towards a small 
decline in levels at age 12 as indicated in Table 1. NHFA 
recommended levels for LDL-C to minimize risk of CVD in 
adults are less than 2mM. More than half of our cohort 
had levels in excess of this value and even at the 5% 
centile, values of LDL-C were approaching 2mM. However, 
further longitudinal studies are required before we can 
make solid inferences on the prognostic value of these 
childhood measures. 
 
Recommended HDL-C levels for adults are >1.0mM and 
this level was exceeded by almost all children in the study 
and did not vary between years. Boys appeared to have 
slightly higher values than girls.  
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Table 1 Biomarkers by grade and gender 
 
 Grade 2 Grade 4 Grade 6 

 5% Median 95% 5% Median 95% 5% Median 95% 

    
CRP Boys (mg/L) 0.200, 0.400, 4.41 

N = 225 
0.200, 0.500.3.72 

N = 218 
0.210, 0.490, 4.37 

N = 151 
 

CRP Girls (mg/L) 0.200, 0.500, 3.90 
N = 270 

0.200, 0.600, 4.62 
N = 246 

0.210, 0.500, 6.05 
N = 150 

 
TC Boys (mmol/L) 3.34, 4.44, 5.98 

N = 370 
3.30, 4.50, 5.85 

N = 281 
3.13, 4.30, 5.73 

N = 229 
 

TC Girls (mmol/L) 3.35, 4.42, 5.85 
N = 345 

3.36, 4.50, 5.80 
N = 282 

3.26, 4.38, 5.63 
N = 240 

 
LDL-C  Boys (mmol/L) 1.71, 2.63, 3.91 

N = 370 
1.69, 2.64, 3.92 

N = 281 
1.49, 2.50, 3.69 

N = 229 
 

LDL-C Girls (mmol/L) 1.79, 2.68, 3.81 
N = 345 

1.76, 2.73, 4.00 
N = 282 

1.59, 2.61, 3.69 
N = 240 

 
HDL-C  Boys (mmol/L) 1.07, 1.45, 2.01 

N = 370 
1.00, 1.40, 1.90 

N = 281 
0.990, 1.42, 1.95 

N = 229 
 

HDL-C Girls (mmol/L) 1.04, 1.39, 1.85 
N = 345 

0.900, 1.30, 1.70 
N = 282 

0.975, 1.35, 1.84 
N = 240 

 
TG  Boys (mmol/L) 0.330, 0.600, 1.30 

N = 370 
0.400, 0.600, 1.40 

N = 282 
0.430, 0.730, 1.48 

N = 240 
 

TG (mmol/L) 0.390, 0.690, 1.39 
N = 345 

0.400, 0.700, 1.74 
N = 282 

0.520, 0.880, 1.86 
N = 240 

 
Urate Boys (mg/L) 124, 195, 288 

N = 370 
125, 190, 278 

N = 281 
140, 233, 340 

N = 229 
 

Urate Girls (mg/L) 125, 198, 289 
N = 345 

122, 196, 284 
N = 282 

133, 218, 315 
N = 140 

 
Homocysteine Boys 
 (mmol/L) 

4.09, 5.67, 7.85 
N = 370 

5.00, 6.00, 9.00 
N = 281 

5.17, 6.92, 9.91 
N = 229 

 
Homocysteine Girls 
 (mmol/L) 

3.97, 5.59, 7.85 
N = 345 

4.00, 6.00, 8.00 
N = 282 

4.99, 6.83, 9.87 
N = 240 

 
 

Homocysteine, uric acid and C-reactive protein 

HC levels generally increase with age and this trend is 
clearly seen in our data. Typical values for UK children are 
5.16uM (aged 4-7 years) and 5.59uM (aged 7-11 years)18. 
HC levels may vary widely between ethnic groups. For 
example, Mexican children have almost twice the levels 
found in children in the UK19. While hyperhomo-
cysteinemia is a recognized independent risk factor for 
cardiovascular disease in adults, it is normally associated 
with either genetic defects in the methionine pathway or 
nutritional deficiency20. HC may be a marker without being 
a cause of vascular disease, and lowering HC in the diet has 
no protective effect on CVD indicating it has no causative 
effect. Our values agree broadly with other reported 

values for children20. Levels above 15 umol/L in adults are 
considered abnormal. Except for a single outlier in the 
males, none of the subjects in our study exceeded this 
level. 
 
UA levels found in the current study are also in agreement 
with other published values21. Normal European children 
had mean levels of 226uM while the same study showed 
obese children with values of 309uM at age 9.5 years. 
 
Data for CRP were skewed with approximately 30% of 
males and 20% of females falling below the detectable 
limit of 0.2 mg/L. Values greater > 10mg/L, are considered 
aberrant possible reflecting an underlying infection and 
were ignored in statistical analysis. Of importance to the 
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next section, their omission as outliers made no difference 
to the significance of any relationships. Both median and 
mean values of CRP increase with age with mean values 
approaching or greater than 1mg/ml. Adults with values of 
CRP above 3mg/ml are considered in the high risk group 
for CVD and 5% of children were measured at above 
3mg/ml. It remains to be seen if these children are at 
increased risk for developing CVD; and surveillance of 
these children in a following LOOK longitudinal studies is 
intended. 
 

Relationships between %BF, CRF and PA and the 

biomarkers  

Tables 2-5 show a summary of the relationships between 
each blood risk factor studied and body fat, fitness and 
activity showing the size of any effect (β), standard error 
and significance. Since no relationships were seen with HC 
or UA, these variables are not tabulated. 
 

Table 2  Relationships between C-reactive protein and percent 
body fat, physical fitness and physical activity. 

 Boys Girls 

 β (se) p β  (se) p 

     
ln%BFc 3.8(0.47) <0.001 3.8(0.60) <0.001 

ln%BFw 2.1(1.0) 0.03 5.4(1.57) <0.001 

ln%BF 3.4(0.42) <0.001 4.0(0.55) <0.001 
     

(SQRT)CRFc -0.85(0.31) 0.005 -0.54(0.44) 0.22 

(SQRT)CRFw -0.97(0.47) 0.04 -0.20(0.67) 0.72 

(SQRT)CRF -0.81(0.27) 0.002 -0.41(0.67) 0.24 

     

PA -0.003(0.008) 0.72 0.011(0.011) 0.30 

 

 

CRP 

Our data for CRP were analyzed in two ways. Because of 
the large proportion of values falling below the detectable 
limit of 0.2 mg/L, we first used all values for all years and 
assessed the probability that an individual exceeds this 
limit and related this to (i) %BF, (ii) the square root of 
(sqrtCRF) and (iii) PA. This analysis showed a clear 
association between CRP and %BF for both boys and girls 
(p<0.001) and this is depicted in figures 2A and 2B. We also 
observed a negative association between CRP and sqrtCRF 
(p<0.001, graph not shown). Figures 2a and 2b show that 
when %BF exceeds 30%, the probability that CRP exceeds 
0.2 mg/L is over 80% for males and females.  
 
 
 

 

Figure 2a  The relationship between %BF and the probability 
that CRP concentration exceeds 0.2mg/L in 8-12 year old boys. 
The y axis is the probability that CRP exceeds 0.2mg/L, the x axis 
is percentage body fat. 

 

 

Figure 2b  The relationship between %BF and the probability 
that CRP concentration exceeds 0.2mg/L in 8-12 year old girls. 
The y axis is the probability that CRP exceeds 0.2mg/L, the x axis 
is percentage body fat. 

 
When we used only those values which exceeded the 
detection level of 0.2mg/L, we initially found a significant 
(p<0.001) linear relationship across all values of percent fat 
between the inverse of CRP and %BF as shown in Table 2. 
Re-examination using a split regression model showed a 
better fit with a biphasic/threshold relationship for all 
years measured which was horizontal before a threshold 
value of %BF (p < 0.001) and linear after that indicating a 
significant increase in CRP with body fat (Figure 3a and 3b). 
The horizontal portion of the relationship corresponds to a 
value of 0.39 mg/ml for boys and 0.42 mg/ml for girls. 
When the threshold is exceeded, CRP rapidly rises above 
this level (the figure depicts the inverse of CRP).  
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From a population approach this raises the interesting 
possibility that CRP may remain insensitive to any increase 
%BF until a threshold level of %BF is reached at which 
point blood CRP concentration increases. This threshold 
level is 26 (95% confidence interval 23-29)% for boys and 
30 (95% confidence interval 27-33)% for girls. Remarkably, 
these values correspond closely to those from published 
body fat reference curves for which obesity in boys is 
defined as %BF > 27% and for girls >33% at age 8-10 
years22. These published values for obesity are based on 
95% centiles, and our biochemical data lends practical 
credence to these values.  
 

  

Figure 3a The cross sectional relationship between CRP and %BF 
in 8-12 year old boys showing the biphasic relationship. The y 
axis is inverse of CRP measured as mg/L, x axis is natural log of 
percent body fat. 

 

Figure 3b  The cross sectional relationship between CRP and %BF 
in 8-12 year old girls showing the biphasic relationship. The y 
axis is inverse of CRP measured as mg/L, x axis is natural log of 
percent body fat. 

 

Again in relation to the practical significance of the CRP 
data, the relationship between change in body fat and 
change in CRP is non-linear and will vary depending on 
what interval is chosen.  However, based on the biphasic 
relationship with CRP and from a population perspective, a 
decrease in the absolute value of percent body fat from 
35% to 30% corresponds to a decrease in C-reactive 
protein of 0.22. 
 
An absolute decrease at around the upper limits of our 
cohort body fat range, 40% to 35% body fat, corresponds 
to a 0.4 decrease in CRP. Similar but smaller changes are 
seen with girls. Given the mean values for CRP are around 
1.0, this represents a significant change. If CRP does 
independently track into adulthood along with obesity, 
then these data provide strong support for the importance 
of reducing the incidence of childhood obesity. 
 
Although the biphasic model best fitted the CRP values 
above 0.2mg/ml, as mentioned above, there was a linear 
relationship across the range of percent body fat 
measured. Table 2 shows not only a strong cross-sectional 
relationship already discussed but a significant positive 
within-child relationship between body fat and CRP for 
boys and girls. There was also a suggestion of a significant 
negative association between changes in fitness and CRP 
with boys but not girls. There were no significant 
relationships with activity. These data indicate that CRP 
levels can be lowered by altering fat levels for both boys 
and girls and possibly also by increased fitness in boys.  
 
The release of CRP from liver is triggered by IL-6, produced 
in fat tissue by infiltrating immune cells23. Whether CRP 
itself or IL-6 directly affects processes involved in 
formation of atherosclerotic plaques is still under debate 
but they have been shown to be clear predictors of 
cardiovascular disease in adults. The biphasic relationship 
seen with CRP and %BF is a novel and interesting finding. 
The data modeled in this way suggests that increased body 
fat results in little increase in basal level CRP until a 
threshold value is reached. The break point value of %BF is 
close to that representing the threshold of overweight or 
obesity, suggesting a biochemical relevance of the 
classification of overweight. This relationship needs to be 
further explored and whether the relationship we 
observed in children is mirrored in adulthood is yet to be 
seen.  
 

Relationships with blood lipids 

There were strong positive associations, both at the 
population (between-child) and longitudinally (within-
child) levels between percent body fat and TC as shown in 
Table 3 and Figures 4a and 4b. There were significant 
positive associations between changed TC and body fat for 
boys and girls although the relationship was stronger for 
boys. Our within-child data indicate that an absolute 
change in percent body fat for boys from 35% to 30% 
would result in a lowering of TC by a little over 0.12mM 
with similar but smaller effects in girls. 
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Table 3 Relationships between TC and percent body fat, physical 
fitness and physical activity. 

 
Boys  Girls 

 β (se) p  β  (se) p 

      
ln%BFc 0.58(0.19) 0.002  0.56(0.23) 0.01 

ln%BFw 0.82(0.20) <0.001  0.53(0.26) 0.05 

ln%BF 0.71(0.15) <0.001  0.54(0.19) 0.004 

      

(SQRT)CRFc -0.13(0.062) 0.04  -0.157(0.072) 0.03 

(SQRT)CRFw -0.06(0.09) 0.5  -0.118(0.094) 0.21 

(SQRT)CRF -0.14(0.072) 0.06  -0.033(0.085) 0.7 

      

PAc -0.004(0.002) 0.06  0.001(0.003) 0.8 

PAw -0.007(0.003) 0.04  0.001(0.003) 0.85 

PA -0.001(0.002) 0.84  -0.002(0.003) 0.6 

 
There was a cross sectional association of fitness with 
fatness but no significant within-child relationship. Activity 
for boys was associated with TC and there was a 
suggestion of a negative association between activity and 
TC for boys but not girls. 
 
There were significant positive cross sectional relationships 
between percent body fat and LDL-C in both boys and girls. 
In addition changes in LDL-C for both boys and girls were 
positively associated with changes in percent body fat with 
the effect greater for boys (see Table 4). There was a 
suggestion of an overall negative association of LDL-C with 
fitness for boys and no association with physical activity 
for either sex. 
 

Table 4  Relationships between LDL-C and percent body fat, 
physical fitness and physical activity. 

 
Boys  Girls 

 β (se) p  β  (se) p 

      
ln%BFc 0.43(0.16) 0.008  0.50(0.20) 0.014 

ln%BFw 0.76(0.15) <0.001  0.63(0.22) 0.005 

ln%BF 0.63(0.12) <0.001  0.53(0.16) 0.001 

      
(SQRT)CRFc -0.14(0.092) 0.14  -0.080(0.121) 0.51 

(SQRT)CRFw -0.098(0.07) 0.16  -0.054(0.087) 0.53 

(SQRT)CRF -0.11(0.057) 0.07  -0.058(0.72) 0.42 
      

PA -0.001(0.002) 0.8  -0.002(0.002) 0.65 

 
 
Percent body fat in boys and girls was positively associated 
overall with TG but there was no corresponding 
association within children. There was a suggestion of an 
association between changes in TG levels and changes in 
body fat in girls but the association was weak. No effects 
were seen with changes in TG and body fat in boys. 
 

Physical fitness was negatively associated with TG when 
overall data (involving between- and within-child analyses) 
were considered but changes in fitness within children did 
not result in altered TG levels. 
 
There were no associations between HDL-C and either 
fatness, fitness or activity. The intervention program had 
no effect on HDL-C. 
 

Table 5 Relationships between TG and percent body fat,  
physical fitness and physical activity. 

 
Boys  Girls 

 β (se) p  β  (se) p 

      
ln%BFc 0.22(0.10) 0.03  0.15(0.12) 0.2 
ln%BFw 0.06(0.14) 0.7  0.31(0.17) 0.08 

ln%BF 0.17(0.09) 0.04  0.19(0.10) 0.08 

      

(SQRT)CRFc -0.08(0.14) 0.041  -0.09(0.067) 0.2 

(SQRT)CRFw -0.11(0.09) 0.51  -0.093(0.068) 0.17 

(SQRT)CRF -0.084(0.043) 0.05  -0.091(0.049) 0.06 

 
     

PAc -0.001(0.0017) 0.7  0.0041(0.002) 0.01 

PAw -0.002(0.0025) 0.4  -0.001(0.002) 0.9 

PA -0.001(0.0014) 0.4  -0.002(0.001) 0.2 

 
 
 

 
Figure 4a  Graph showing the relationship between total 
cholesterol (TC) and percent body fat in the girls at the between-
child (solid line) and the within-child level, adjusted for ln 
Weight, Age, Puberty  and other design variables. Note that 
estimates and associated statistics are based on a 2-level model 
and so vary slightly from the full 3-level analysis reported in the 
tables. Circles are the adjusted means for each child. The short 
lines represent the mean slope of the within-child relationships.  
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Figure 4b Graph showing the relationship between total 
cholesterol (TC) and percent body fat in the boys  at the 
between-child (solid line) and the within-child level, adjusted for 
ln Weight, Age, Puberty  and other design variables. Note that 
estimates and associated statistics are based on a 2-level model 
and so vary slightly from the full 3-level analysis reported in the 
tables. Circles are the adjusted means for each child. The short 
lines represent the mean slope of the within-child relationships.  

 
 
No significant relationships were found between either 
levels of UA or HC and  %BF, PA or CR-F.  
 
A link between elevated serum UA and increased 
cardiovascular disease has been known for some time24 
although the mechanism(s) are unclear. UA  is also strongly 
associated with increased circulating inflammatory 
markers including CRP25. However, we found no 
relationships between UA and the risk factors. 
 

Intervention effect  

There were no intervention effects on TG, or HDL-C, or any 
of the inflammatory related biomarkers.  
 
However, as shown in Figures 5 and 6, there was a 
significant effect of the physical activity program on TC and 
LDL-C, biomarkers which are confirmed predicators of 
cardiovascular disease in adults. This effect occurred only 
in the boys and was observed over the first two years, and 
the group difference was sustained into the fourth year.  
 
A recent review of the literature26 concluded that generally 
many intervention studies have reported only weak 
beneficial effects on HDL-C and TG but no effect of TC or 
LDL-C levels27. On the other hand, a recent study, where an 
intervention was sustained over a relatively long period 
e.g. 2 years, showed a beneficial effect on TG levels and 
the ratio of TC to HDL-C.28 As well as its substantial 

duration, the latter study involved daily physical activity, 
the regularity of the physical activity perhaps being of 
added importance to the modest yet important evidence 
of lipid profile modification. 
 

 

Figure 5  The effect of a specialized physical education program 
on total cholesterol in boys. TC is given as mmol/L.                       
□ = intervention group; ○ = control group 

 
 

 

Figure  6  The effect of a specialized physical education program 
on LDL- cholesterol in boys. LDL-C is given as mmol/L.                    
□ = intervention group; ○ = control group 

 
Our data also indicate modest yet significant changes and 
equally valuable supportive evidence, that changes in lipid 
profiles can be affected by a twice weekly program of 
physical education between the ages of 8 and 10 years old. 
It is important that our intervention was one that was not 
directly aimed at increasing physical activity or fitness, but 
one that simply got children involved in physical activity. In 
fact, as shown in other chapters, whilst there were 
increases in moderate and vigorous physical activity on 
days the intervention took place, we had little evidence of 
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any increases in physical activity over the course of the 
whole week of observation. Nor was there evidence of 
increased cardiorespiratory fitness in the intervention 
group. If physical activity or fitness was responsible for the 
intervention effect through ages 9 to 10 (grades 3 and 4) 
years, then our data indicate that it must have been the 
increased PA and fitness work that took place within the 
intervention classes, effects that were not evident through 
our assessments. On the other hand, as shown in other 
parts of this report, we did have evidence (between the 
ages of 9 and 11, grades 3 to 5) of an intervention 
attenuation effect on %BF, and given the associations we 
have demonstrated between TC and LDL- C, it is likely that 
an improvement in %BF was prominent in a mediation 
role. 

CONCLUSION 

Given the relative paucity of longitudinal studies on 
children, the changes in blood lipid concentrations we 
observed within children along with changes in %BF were 
important findings. Within-child changes in TC and LDL-C, 
as distinct from between-child changes, are particularly 
relevant to health professionals tasked with devising 
strategies to reduce blood cholesterol with individuals 
over time. Our longitudinal data provide solid evidence of 
the undesirable effects of children becoming overweight 
or obese in their pre-adolescent years given the increased 
blood lipid concentrations that accompany increased 
adiposity in boys and girls during primary school years.  
 
Also novel and important is the finding of an effect of the 
special physical education intervention on levels of TC and 
LDL-C in the boys, but not girls, during the first two years, 
with differences between the intervention and control 
groups being sustained for the remaining two years. The 
modifications to the lipid profile occurred even in young 
children and through twice weekly physical education 
classes delivered by the specialist teachers carrying out the 
Bluearth program. It is recalled that the intervention effect 
took place relative not to an absence of physical 
education, but to the style of physical education and sport 
currently administered by generalist classroom teachers. 
Physical education has many benefits to child development 
and health beside increasing physical activity and 
controlling body composition, but this section of LOOK 
does indicate the potentially beneficial effects of specialist 
taught physical education in early preventative medical 
strategy. The effect may well have been greater had the 
intervention involved the full 150 minutes officially 
allocated to sport and physical education in the school 
curriculum.  
 
Debate over the causative relationship(s) between obesity, 
fitness and early death, morbidity or cardiovascular 
disease and diabetes remains active in adults29 and 
speculative in young children. The profile of low HDL-C, 
elevated LDL-C and TG are independent predictors of 
cardiovascular disease in healthy adults30,31. UA and HC are 
also predictors of cardiovascular disease although HC is 
not a good predictor in healthy adults32 and 

pharmacological modulation of HC does not affect 
incidence of CVD indicating that while it is a risk marker, it 
has no direct causative effects33. Chronic low grade 
inflammation has now been suggested as a major factor in 
the development of cardio vascular disease and diabetes34, 
and atherosclerosis is now considered an inflammatory 
disease35 and CRP has been shown to be a significant 
predictor of coronary heart disease in adults even after 
adjusting for BMI36. Very little is known about the 
relationships between these adult risk factors, fitness, 
physical activity and body fat in children and their later 
health. Data from LOOK and other studies being carried 
out globally are required to throw light on the clinical 
relevance of these risk factors in young children. 
 
Our data confirm previous findings in non-selected and 
apparently healthy pre-adolescent children, that blood 
lipid concentrations are higher in children with greater 
adiposity, re-emphasizing the importance of the question 
of relevance to risk of chronic disease in later life.  We also 
confirmed that inflammatory markers are associated 
positively with fatness and negatively with cardio-
respiratory fitness, supplemented with the most 
interesting finding of a threshold of around 27-30% BF 
above which blood concentration of CRP begins to increase 
linearly.   
 
 
What is known on this topic 
 

• Adult risk factors for cardiovascular disease such 
as blood lipids are strongly associated with fat 
levels in young children. 

• Inflammatory markers such as CRP also associate 
with increased fatness and to a lesser extent 
fitness in children. 

• There is some evidence to show that physical 
activity programs in children can alter these 
markers in a beneficial way. 

• Few longitudinal studies have been carried out in 
children. 

 
What this study adds 
 

• There are strong within-child (longitudinal) 
relationships between some of these markers and 
both fatness and fitness. 

• A structured physical activity program was 
associated with a significant fall in TC and LDL-C in 
boys. 

• The association between CRP and fat on a 
population basis shows a strong biphasic 
relationship with CRP which increases 
dramatically at a break point for fat very close to 
that accepted for obesity. 
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CARDIOVASCULAR HEALTH: ARTERIAL STIFFNESS 

 

Arterial Stiffness, Physical Activity and Adiposity 

Principal Authors:  Sakuragi S, Abhayaratna K, 
Gravenmaker KJ, O'Reilly C, Srikusalanukul W, Budge MM, 
Telford RD, Abhayaratna WP 
 
 
Preface:  This section of the LOOK report represents a 
deviation from our usual course of action in investigating 
the between and within-child relationships between the 
designated response variable (in this case arterial stiffness) 
and physical activity, fitness and adiposity using the LOOK 
statistical model.  This study came about through a change 
in the team responsible for measurement of cardiovascular 
health in the second period of measurement.  The new 
team introduced measurement techniques at variance to 
the first team which has complicated incorporation of both 
sets of data into the one statistical interpretation. 
Consequently we present the following cross-sectional 
analysis which involves the data set compiled when the 
cohort were in grade 4, the second major measurement 
period of LOOK. It is anticipated that longitudinal analyses 
will take place and be reported following further work to 
ensure the compatibility of measurements in grade 2 with 
those of grades 4 and 6. The following chapter of our 
report is based on the publication in the journal 
Hypertension 53(4):611-6 2009 by the authors listed 
above, the abstract  of which is  presented in an Appendix 
to this report. 
 
Background: Childhood obesity and physical inactivity is 
increasingly prevalent in the community and both are 
known to constitute risk factors for cardiovascular disease. 
in adults.  
 
Objectives: To evaluate the influence of both adiposity and 
physical activity on carotid-femoral pulse wave velocity of 
preadolescent children, it being established as an index of 
arterial stiffness and a marker of cardiovascular risk in 
adults. 
 
Participants: Healthy children, In 596 community-based 
children (mean age 10.1 ± 0.3 years; 51% boys), 
 
Measurements: Body mass index and waist circumference. 
Percentage body fat (dual-energy x-ray absorptiometry). 
Cardiorespiratory fitness and physical activity levels (20m 
multistage shuttle test and 7-day pedometer count, 
respectively). Pulse wave velocity was estimated by 
applanation tonometry. 
 
Results: Pulse wave velocity was positively correlated with 
body mass index (ρ=0.26 and ρ=0.31), waist circumference 

(ρ=0.32 and ρ=0.26) and percentage body fat (ρ=0.23 and 
ρ=0.30) and negatively correlated with cardiorespiratory 
fitness (ρ= -0.16 and ρ= -0.19) in boys and girls, 
respectively (all p<0.01).  There was no correlation 
between pulse wave velocity and pedometer counts 
(p>0.45 for boys and girls). In separate multivariable linear 
regression models, pulse wave velocity was positively 
associated with body mass index, waist circumference, 
percentage body fat (p<0.01 for all) and negatively 
associated with cardiorespiratory fitness (p<0.01) after 
adjustment for systolic blood pressure, mean arterial 
pressure and heart rate. The influence of body mass index 
and adiposity on pulse wave velocity was independent of 
cardiorespiratory fitness (p<0.01 for all). 
 
Conclusion: In conclusion, adiposity and cardiorespiratory 
fitness are associated with increased arterial stiffness in 
healthy prepubescent children.  
 

INTRODUCTION 

 
The rising prevalence of obesity in childhood in the 
community1 is associated with the premature 
development of cardiovascular (CV) risk factors such as 
dyslipidemia,2 hypertension2 and insulin resistance.3 
Further, there is emerging evidence that such obesity-
related metabolic disease predicts the development of 
cardiovascular disease in adulthood.4 A better 
understanding of the natural history of obesity-related 
cardiovascular disease may identify markers of subclinical 
arterial disease and cardiovascular risk, which could be 
used subsequently to target preventative measures at 
high-risk children prior to the development of overt 
cardiovascular disease.  
 
The role of arterial stiffness in the development of 
cardiovascular disease is widely accepted.5  Carotid-
femoral pulse wave velocity (PWV), a non-invasive index of 
arterial stiffness,6 is an independent predictor of 
cardiovascular mortality in the community.7 Although the 
influence of obesity8  and physical activity9 on PWV has 
been documented in adults, there is limited information in 
healthy children. In particular, previous studies in children 
have assessed the relationship between adiposity and 
arterial stiffness using measures of peripheral arterial 
stiffness and have not accounted for the potential 
confounding effects of physical activity.10,11 
 
In the present study, we evaluated the relationship 
between adiposity, physical activity and PWV in 
community-based children. We hypothesised that the 
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effects of adiposity and physical activity on arterial 
stiffness are independent of systemic blood pressure and 
heart rate.  
 

METHODS 

 
This study represents data from a cross-sectional analysis 
of 615 healthy LOOK participants 12 in 2007. Children with 
a history of diabetes, hypertension or evidence of 
cardiovascular disease were excluded from this study. Of 
the remaining children, five hundred and seventy three 
(mean age 10.1 years, 51% boys) underwent a complete 
set of examinations and represent the study population. 
 
Body weight and height were measured without shoes and 
in light clothing and body mass index (BMI) was calculated. 
Waist circumference (WC), an index of total abdominal fat, 
was measured at the midpoint between the lower border 
of the rib cage and the iliac crest, at the narrowest section 
of the waist. Body fat was quantitated using dual-energy x-
ray absorptiometry (DXA, Hologic Discovery QDR Series, 
Hologic Inc., Bedford, MA, USA). Total body scans were 
analysed using Hologic QDR System Software Version 12.4 
to estimate percentage of body fat (%BF).  
 
Cardiorespiratory fitness (CRF) and physical activity levels 
were assessed using a 20m multistage shuttle test and a 7-
day AT pedometer count (New-Lifestyles, Lee’s Summit, 
Missouri, USA), respectively, as previously described.12  
 
Supine brachial blood pressure (BP) and heart rate were 
determined using an automated oscillometric Omron 
7051T. The average of two measurements made at 1-
minute intervals was recorded. PWV was assessed 
noninvasively using the Sphygmocor system (AtCor 
Medical, Sydney, Australia). Electrocardiogram-gated 
carotid and femoral waveforms were recorded using 
applanation tonometry. Carotid-femoral path length was 
measured as the difference between the surface distances 
joining (i) the suprasternal notch, the umbilicus and the 
femoral pulse and (ii) the suprasternal notch and the 
carotid pulse. Carotid-femoral transit time was estimated 
in 8-10 sequential femoral and carotid waveforms as the 
average time difference between the onset of the femoral 
and carotid waveforms. PWV was calculated as the 
carotid-femoral path length divided by the carotid-femoral 
transit time.  
 
Blood samples were collected after an overnight fast to 
measure glucose, glycosylated haemoglobin (HbA1c), total 
cholesterol, high-density lipoprotein cholesterol (HDL), 
triglyceride (TG), insulin level and high-sensitivity CRP (hs-
CRP). The insulin resistance index by homeostasis model 
assessment (HOMA-IR) was calculated from fasting plasma 
glucose and insulin levels with the following formula:  
HOMA-IR = (fasting insulin (µIU/ml)*fasting glucose 
(mmol/l)/22.5)13. 

Pubertal development was determined by Tanner stage, 
based on self-assessment of pubic hair development, 
breast stage in girls, and genitalia development in boys14-

15.  
 

Statistical analysis 

 
Characteristics of the study population were compared 
according to tertiles of %BF using analysis of variance. 
Univariable relationships between PWV and 
clinical/metabolic characteristics were assessed using 
Pearson’s correlation and univariate linear regression. 
Independent associations between each adiposity 
parameter and PWV were assessed using a stepwise 
multivariable linear regression analysis. In the initial model 
(Model 1), the relationship between adiposity parameters 
and PWV was assessed with adjustment for age, gender, 
systolic blood pressure, mean arterial pressure and heart 
rate. Extended models were used to assess whether the 
influence of adiposity on PWV was attenuated by the 
potential confounding effects of metabolic factors (Model 
2) or physical activity (Model 3). Independent relationships 
between (i) cardiorespiratory fitness and PWV and (ii) 
HOMA-IR and PWV were also assessed using a 
multivariable linear regression analysis, with initial 
adjustment for age, gender, systolic blood pressure, mean 
arterial pressure and heart rate (Model 1) and subsequent 
adjustment for BMI, WC and %BF in extended models. All 
analyses were performed with SPSS software (Version 11.0 
for Windows, Chicago, IL, USA). 
 
 

RESULTS 

 
Characteristics of the study population are described in 
Table 1, stratified for tertiles of %BF. Higher %BF was 
associated with female sex, increased height, Tanner stage 
(Genital / Breast), heart rate, blood pressure, PWV, and 
metabolic-inflammatory markers such as triglyceride, 
insulin, HOMA-IR and high-sensitivity CRP levels; and 
decreased HDL levels, pedometer counts and cardio-
respiratory fitness.  
 
 
The results of univariate analysis of the relationship 
between clinical/metabolic variables and PWV are shown 
in Table 2. BMI (r=0.34), WC (r=0.32) and %BF (r=0.32) 
(Figure 1a) were positively correlated with PWV, 
respectively (all p<0.001). CRF was negatively associated 
with PWV (r= -0.23; p<0.001) (Figure 1b) and pedometer 
counts (r=-0.08; p=0.046). Metabolic parameters, such as 
lower HDL, and higher TG, fasting insulin and HOMA-IR, 
were related to increased PWV (all p<0.01).  
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Table 1 Characteristics of Study Population, Stratified by Tertiles of Percentage Body Fat 

 
Characteristic All  Tertile 1 

(12.7, 23.0) 
 Tertile 2 

(23.1, 29.4) 
 Tertile 3 

(29.6, 46.5) 
 p-value 

  
(n=573)  (n=193)  (n=189)  (n=191) 

  

          

Girls (%) 278 (49)  54 (28)  96 (51)  128 (67)  <0.0001 

Age, years 10.1 ± 0.3  10.1 ± 0.3  10.1 ± 0.3  10.1 ± 0.4  0.39 

Height, cm 141.2 ± 6.3  139 ± 6  141 ± 6  143 ± 6  <0.0001 

Weight, kg 36.7 ± 7.8  31 ± 4  35 ± 5  44 ± 8  <0.0001 

Body Mass Index, kg/m2 18.3 ± 3.0  16.1 ± 1.2  17.6 ± 1.7  21.2 ± 2.9  <0.0001 

Waist circumference, cm 60.6 ± 6.9  56.4 ± 3.2  59.2 ± 4.8  66.7 ± 7.2  <0.0001 

% Body fat, % 26.6 ± 6.9  19.4 ± 2.4  25.9 ± 1.7  34.7 ± 3.9  <0.0001 

Tanner stage (Hair) 1.4 ± 0.6  1.4 ± 0.6  1.4 ± 0.5  1.5 ± 0.6  0.50 

Tanner stage (Genital / Breast) 1.7 ± 0.7  1.6 ± 0.6  1.7 ± 0.6  2.0 ± 0.8  0.003 

Systolic blood pressure, mmHg 105.3 ± 8.1  102 ± 7  105 ± 8  109 ± 9  <0.0001 

Diastolic blood pressure, mmHg 62.2 ± 5.9  60 ± 5  62 ± 6  64 ± 6  <0.0001 

Pulse pressure, mmHg 43.1 ± 7.0  42 ± 6  43 ± 7  44 ± 8  0.011 

Mean arterial pressure, mmHg 76.2 ± 6.7  74 ± 5  76 ± 7  79 ± 7  <0.0001 

Heart rate, bpm 77.1 ± 10.6  75 ± 10  78 ± 11  78 ± 11  0.004 

Pulse wave velocity, m/sec 4.4 ± 0.5  4.2 ± 0.4  4.4 ± 0.4  4.6 ± 0.5  <0.0001 

Glucose, mmol/L 5.1 ± 0.4  5.1 ± 0.4  5.1 ± 0.4  5.1 ± 0.4  0.37 

Hba1c, % 5.3 ± 0.2  5.3 ± 0.2  5.3 ± 0.2  5.3 ± 0.2  0.001 

Total cholesterol, mmol/L 4.5 ± 0.8  4.4 ± 0.8  4.4 ± 0.7  4.7 ± 0.9  0.087 

HDL cholesterol, mmol/L 1.4 ± 0.3  1.5 ± 0.3  1.4 ± 0.3  1.3 ± 0.2  <0.0001 

Triglyceride, mmol/L 0.8 ± 0.4  0.7 ± 0.3  0.7 ± 0.3  0.9 ± 0.5  <0.0001 

Insulin, mU/L 7.7 ± 6.2  5.7 ± 3.3  6.9 ± 3.2  10.4 ± 9.0  <0.0001 

HOMA-IR 1.7 ± 1.6  1.3 ± 0.8  1.5 ± 0.8  2.4 ± 2.5  <0.0001 

hs-CRP, mg/L 1.8 ± 4.8  0.9 ± 1.8  1.7 ± 6.6  2.5 ± 4.9  <0.0001 

CRF, stage 5.0 ± 1.7  6.1 ± 1.8  5.1 ± 1.4  3.8 ± 1.1  <0.0001 

Pedometer counts, steps1/2 98 ± 12  102 ± 11  98 ± 11  94 ± 12  <0.0001 
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Table 2 Univariate associations between PWV and Physical/Metabolic Characteristics 

Characteristic r beta beta 95% CI p-value 

Sex (Girls) - 0.130 0.054, 0.207 0.001 

Age, years -0.082 -0.113 -0.227, -0.004 0.049 

Height, cm 0.104 0.008 0.002, 0.014 0.013 

Weight, kg 0.309 0.019 0.014, 0.024 <0.0001 

Body Mass Index, kg/m2 0.339 0.054 0.042, 0.067 <0.0001 

Waist circumference, cm 0.320 0.023 0.016, 0.029 <0.0001 

% Body fat, % 0.318 0.022 0.016, 0.027 <0.0001 

Tanner stage (Hair) -0.020 -0.016 -0.102, 0.070 0.713 

Tanner stage (Genital / Breast) 0.091 0.060 -0.014, 0.129 0.094 

Systolic blood pressure, mmHg 0.316 0.018 0.014, 0.023 <0.0001 

Diastolic blood pressure, mmHg 0.326 0.026 0.020, 0.032 <0.0001 

Pulse pressure, mmHg 0.074 0.005 -0.001, 0.010 0.079 

Mean arterial pressure, mmHg 0.277 0.019 0.014, 0.025 <0.0001 

Heart rate, bpm 0.248 0.011 0.007, 0.014 <0.0001 

Glucose, mmol/L 0.031 0.037 -0.066, 0.139 0.483 

Hba1c, % 0.045 0.096 -0.089, 0.281 0.310 

Total cholesterol, mmol/L 0.053 0.031 -0.019, 0.081 0.225 

HDL cholesterol, mmol/L -0.130 -0.234 -0.388, -0.080 0.003 

Triglyceride, mmol/L 0.201 0.234 0.135, 0.332 <0.0001 

Insulin, mU/L 0.167 0.013 0.006, 0.019 0.0001 

HOMA-IR 0.158 0.045 0.021, 0.070 0.0003 

hs-CRP, mg/L 0.153 0.014 0.006, 0.023 0.0013 

CRF, stage -0.233 -0.064 -0.088, -0.041 <0.0001 

Pedometer counts, steps1/2 -0.083 -0.003 -0.007, -0.00006 0.046 

 

Table 3 Association between Pulse Wave Velocity and Adiposity / Cardiorespiratory Fitness in Multivariable Models 

Model Covariates Beta(Adiposity) 95% CI p-value Adjusted R2 

Body Mass Index      

Model 1 Age, sex, systolic blood pressure, mean 
arterial pressure, heart rate 

0.041 0.028, 0.055 <0.0001 0.201 

Model 2 Model 1+ HDL cholesterol, Triglyceride, 
HOMA-IR 

0.033 0.017, 0.049 <0.0001 0.176 

Model 3 Model 1 + CRF 0.036 0.020, 0.052 <0.0001 0.206 

Waist circumference      

Model 1 Age, sex, systolic blood pressure, mean 
arterial pressure, heart rate 

0.017 0.011, 0.024 <0.0001 0.182 

Model 2 Model 1 + HDL cholesterol, Triglyceride, 
HOMA-IR 

0.014 0.006, 0.022 0.0003 0.166 

Model 3 Model 1 + CRF 0.016 0.008, 0.023 <0.0001 0.190 

Percentage body fat      

Model 1 Age, sex, systolic blood pressure, mean 
arterial pressure, heart rate 

0.015 0.009, 0.021 <0.0001 0.189 

Model 2 Model 1 + HDL cholesterol, Triglyceride, 
HOMA-IR 

0.012 0.005, 0.018 0.0004 0.169 

Model 3 Model 1 + CRF 0.012 0.0004, 0.019 0.002 0.190 

Cardiorespiratory fitness      

Model 1 Age, sex, systolic blood pressure, mean 
arterial pressure, heart rate 

-0.047 -0.07, -0.024 <0.0001 0.176 

Model 2a Model 1 + body mass index -0.024 -0.049, -0.0004 0.054 0.206 

Model 2b Model 1 + waist circumference -0.022 -0.050, 0.006 0.127 0.190 

Model 2c Model 1 + percentage body fat -0.023 -0.051, 0.004 0.094 0.190 
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Percentage body fat was negatively correlated to CRF (r= -
0.58) and pedometer counts (r= -0.26) (p<0.0001 for both). 
In bivariate analysis, PWV increased according to 
increasing tertiles of %BF (p<0.0001) and decreasing 
tertiles of CRF (p=0.054) (Figure 2). 
 

 
 

 
 

Figure 1 Scatterplot showing the positive association between 
a) percent body fat and pulse wave velocity and b) cardio-
respiratory fitness and pulse wave velocity in boys (open circles) 
and girls (closed circles). 

 
 
 
In multivariable analysis, BMI, WC and %BF were 
associated with increased PWV after adjusting for age, sex, 
systolic blood pressure, mean arterial pressure and heart 
rate (Model 1; Table 3; p<0.01 for all). The independent 
association between adiposity parameters and PWV was 
evident even after adjusting for metabolic factors (HDL, 
triglyceride, HOMA-IR) or CRF (Model 2 and Model 3, 
respectively). The positive relationship between insulin 
resistance and PWV was attenuated by adjusting for body 
mass (β= 0.016; p=0.22), WC (β= 0.020; p=0.13), or %BF 
(β= 0.022; p=0.09).  
 
In multivariable analysis of the association between cardio-
respiratory fitness and arterial stiffness; CRF was 
associated with increased PWV after adjusting for age, sex, 
systolic blood pressure, mean arterial pressure and heart 
rate (Table 3).  However, the association between CRF and 
PWV was attenuated when adjusted for adiposity.  

As increased abdominal girth has the potential to 
systematically bias the association between adiposity and 
PWV (i.e. path length can be systematically overestimated 
in children with increased central adiposity), we evaluated 
the effect of BMI and %BF on PWV in bivariate models that 
included WC as an independent variable. BMI (β= 0.057; 
p<0.001) and %BF (β= 0.013; p=0.002) were independently 
associated with PWV, after adjustment for WC. 
 

 
 
Figure 2 Illustration of relationships  between pulse wave 
velocity and the tertiles of %BF and CRF. 
 
   

DISCUSSION 

The main findings from the present study of healthy 
children are that adiposity and decreased cardio-
respiratory fitness were related to PWV, an index of 
arterial stiffness and marker cardiovascular risk. These 
relationships were independent of clinical and metabolic 
factors including systemic blood pressure and heart rate. 
Further, the influence of adiposity on PWV was 
independent of the potential intermediary effects of 
physical activity and cardiorespiratory fitness. There was 
evidence to suggest that cardiorespiratory fitness may be 
an effect modifier in the relationship between adiposity 
and arterial stiffness. 
 
Although the influence of obesity8 and physical activity9 on 
PWV has been reported in adults, the effect of body mass, 
adiposity and physical activity on arterial stiffness has not 
been determined in healthy children. Our findings provide 
first evidence that an effect of adiposity and cardio-
respiratory fitness on arterial stiffness exists (and is 
measureable by non-invasive methods)  in prepubescent 
children who are otherwise healthy and have no known 
medical conditions that would promote premature 
cardiovascular disease, such as diabetes mellitus or 
hypertension.  In a smaller study of one hundred 10-year 
olds, radial-femoral PWV measured by optical method was 
related to fat energy percentage, period of breast-feeding 
and physical activity but not associated with body fat.10 In 
another study of 970 healthy children, PWV measured 
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between brachium and ankle using a plethysmographic 
method was associated with increased age, blood pressure 
and heart rate but not related to BMI.11 The discrepancy in 
results between studies may be due to differences in the 
methodology for the assessment of PWV. Whereas 
carotid-femoral PWV is a measure of central aortic 
stiffness, radial- and brachial-femoral PWV also 
incorporate the measurement of peripheral arterial 
stiffness, which is strongly influenced by factors that affect 
smooth muscle tone.  
 
Although the mechanisms whereby increased adiposity 
may promote arterial stiffening are unable to be 
determined using our cross-sectional data, several 
possibilities exist. Increased body mass index and adiposity 
are accompanied by increases in heart rate16, blood 
pressure17 and intermediary cardiovascular metabolic risk 
factors such as insulin resistance18, dyslipidemia19 and 
inflammation20. Such factors may mediate alterations in 
arterial function. Furthermore, proximate risk factors such 
as physical inactivity may be associated with both an 
increase in adiposity and increased arterial stiffness. In the 
present study, we have confirmed a positive association 
between these factors and PWV; however only the 
relationship between increased adiposity and PWV 
remained after adjustment for these potential 
confounders.    
 
Endothelial dysfunction, which may occur early in the 
course of atherosclerosis and during childhood,21 is a 
potential mechanism underlying the interrelationships 
between adiposity, physical activity and increased arterial 
stiffness. Several studies have documented a relationship 
between obesity or physical activity and endothelial 
dysfunction in adults22-23 and children24. Obesity-related 
decrease in adiponectin25 and increases in inflammatory 
cytokines derived from adipose tissue such as IL-6 and 
TNF-α, may be involved in the development of endothelial 
dysfunction.26 In children, insulin resistance has been 
shown to be related to endothelial dysfunction,24 although 
the relationship between insulin resistance and PWV in 
childhood is yet to be determined. In the present study, 
the positive relationship between insulin resistance and 
PWV was attenuated by body mass and adiposity. These 
findings may simply reflect the intermediary role of insulin 
resistance in the relationship between adiposity and 
arterial stiffness. It is also possible that the period of 
exposure to insulin resistance may not be sufficient in 
prepubescent children to affect an increase in central 
arterial stiffness as it has been shown that the incidence of 
insulin resistance increases greatly after puberty.27 
 
Although our findings show an attenuation of the effects 
of physical activity and cardiorespiratory fitness on PWV 
when statistically adjusting for body mass or adiposity; 
these results should be considered within the context of 
our methodology. In particular, we do not wish to imply 
that body mass and adiposity are more important than 
physical activity or cardiorespiratory fitness as 
determinants of arterial stiffness. Cardiorespiratory 
fitness, as determined by a shuttle run, and physical 

activity, as assessed by pedometer counts, are not simple 
constructs and are prone to considerable variability over 
short periods and more likely to be influenced by external 
factors, such as compliance and motivation of the children 
to complete the assessment. Accordingly, it is possible that 
the attenuation of the effects of physical activity and 
cardiorespiratory fitness on PWV in the present study is 
due to lower face validity and higher measurement error 
of these parameters when compared to the indexes of 
adiposity that were employed in the study.  
 
In this cross-sectional study, we are unable to determine 
the causal mechanisms underlying the relationship 
between physical activity, adiposity and increased PWV. 
We have observed that adiposity, physical activity and 
clinical/metabolic factors only account for a small 
proportion of the variability in pulse wave velocity in 
healthy children. We hypothesise that at such an early 
stage of life, the effects of genetic factors are likely to 
predominate, although this requires confirmation in other 
studies. As the majority of our study population were 
Anglo Saxon and all subjects were of the same birth 
cohort, our results may not be generalizable to children of 
other ethnic-racial groups or ages. Further, whilst the 
limited range in age of the children facilitated effective 
analyses within this age group, we are unable to assess the 
influence of age on the relationship between adiposity and 
PWV. We acknowledge the potential for increased 
abdominal girth to overestimate true carotid-femoral path 
length and consequently to systematically overestimate 
PWV and therefore bias the relationship between 
adiposity and PWV. However, we have confirmed that the 
BMI-PWV and %BF-PWV relationships are independent of 
waist circumference.  

CONCLUSION 

Our observation that increased body mass and adiposity 
and decreased cardiorespiratory fitness are associated 
with arterial stiffening at an early age has important public 
health and clinical implications. First, it supports the 
adoption of population-level strategies directed at the 
prevention of childhood overweight and obesity through 
the promotion of lifestyle measures including increased 
physical activity, cardiorespiratory fitness and dietary 
modification. Second, PWV may represent a marker of 
subclinical arterial disease and cardiovascular risk, which is 
easily measured and could be used subsequently to target 
preventative measures at high-risk children. Although 
weight loss has been shown to improve obesity-related 
vascular dysfunction, such as arterial compliance,28 carotid 
arterial distensibility29 and endothelial function,30 further 
studies are required to evaluate whether public health 
efforts to promote physical activity and weight loss in 
children will reduce arterial stiffness, attenuate the 
progression of subclinical cardiovascular disease, and 
prevent the development of subsequent cardiovascular 
events in the community. 
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What is known on this topic  

 
• Carotid-femoral pulse wave velocity (PWV), a non-

invasive index of arterial stiffness, is an independent 
predictor of cardiovascular mortality in the community.  

• Although the influence of obesity  and physical activity 
on PWV has been documented in adults, there is 
limited information in healthy children. 

• Previous studies in children have assessed the 
relationship between adiposity and arterial stiffness 
using measures of peripheral arterial stiffness and have 
not accounted for the potential confounding effects of 
physical activity 

 

What this study adds 

 
• Increased body mass and adiposity and decreased 

cardiorespiratory fitness are both associated with 
arterial stiffening at an early age  

• These findings support the adoption of population-level 
strategies directed at the prevention of childhood 
overweight and obesity and also highlight the 
importance of targeting physical inactivity  

• Longitudinal studies are required to determine 
whether increased levels of physical activity and weight 
loss in children reduce arterial stiffness, and whether 
this in turn reduces the progression of subclinical 
cardiovascular disease. 
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EXECUTIVE SUMMARY 
 
 

This report represents the 6th of 8 major phases.   

Phase (1) was the design, (2) Requests for approval from 
Education Department, funding bodies, school principals, 
parents and children, (3) Measurement in the schools and 
hospital, (4) Statistical analysis, (5) interpretation of 
statistical analysis, and (6) Preparation of preliminary 
report. Phase 7 is yet to be addressed, the publication in 
peer reviewed journals The final phase (8) is the 
dissemination of results to the wider public a through its 
media resources.  
 
Moreover, questions requiring analyses and interpretation 
on an increased interdisciplinary scale are yet to be 
addressed.  Then follows the LOOK project into 
adolescence and adulthood, but these are other stories yet 
to be told. 
 
This preliminary report addressed two basic sets of 
questions. The first set concerned the relationships 
between physical activity, fitness and adiposity in 
preadolescent free-living children. The second set 
concerned the effectiveness of the Bluearth Foundation’s 
physical activity program relative to current practice 
physical education in government primary schools as 
taught by the general classroom teacher.   
 
There were considerable differences between the two 
physical education programs. The Bluearth program 
involved visiting teachers with formal university 
qualifications in physical education and further training 
through the Bluearth Foundation. The program focused 
much of its attention on balance and coordination. It 
adopted an exploratory approach, teachers challenging the 
children with movement tasks on an individual and group 
basis. There was an absence of direct competition 
between individuals and no direct practices for major 
sports such as football, cricket, netball or basketball but 
games involving teams did have a competitive element, 
but little emphasis on the result. An underlying philosophy 
of the Bluearth method is to engage every child equally in 
an enjoyable experience in every lesson in the hope of 
promoting positive attitudes toward physical activity in the 
formative period of preadolescence.  
 
This contrasted with the classroom teacher delivery of 
physical education. Firstly, the classroom teachers were 
less prepared for teaching physical education than the 
Bluearth teachers who were able to concentrate their 
attention on just one teaching domain. On the other hand, 
classroom teachers had responsibility for all aspects of the 
curriculum, and with the recent advent of national 
assessments in numeracy and literacy, are under more 

public scrutiny than ever before. The classroom generalist 
teacher usually has little training in physical education, 
insufficient time to prepare physical education lessons, 
and little opportunity to change into suitable attire or even 
any pupil-free time to set up apparatus and equipment for 
lessons. Their focus of attention was on providing an 
opportunity for physical activity for the children and 
attempting to comply with the 30 minutes a day of sport 
and physical education as set down in the curriculum. The 
classroom teacher also focused, in general, on the 
development of fundamental skills associated with major 
sports, and traditional fitness work such as stretching 
exercise and running around the oval.   
 
Another notable and conspicuous difference was 
participation by the Bluearth teachers (or coaches as they 
refer to at the Foundation) in every activity, mixing in and 
communicating with the children throughout the class, 
stimulating discussions about the success or otherwise of 
the activities taking place. This was in contrast with the 
classroom teacher style, which rarely included any 
participatory interaction with the children or discussion of 
activities.  The visiting specialist teachers had the distinct 
advantage of more time for systematic lesson planning, an 
ability to focus on physical education alone, and their own 
relative youth and fitness in comparison with the majority 
of classroom teachers and facilitated continual 
involvement in the class activities. 
 
Despite their responsibility in all areas of the children’s 
education, the classroom teachers achieved about the 
same proportion of moderate and vigorous physical 
activity in each lesson as the Bluearth specialists. However 
the Bluearth teachers provided lessons of greater duration, 
and so provided more moderate and vigorous physical 
activity in total. Whilst classroom teachers reported that 
150 minutes of physical education and sport was achieved 
each week, we had no way of confirming this, but with the 
pressures of teaching all areas of the curriculum, and many 
interruptions to classroom teaching time, it would not be 
unexpected for teachers to fall short of this commitment 
from time to time. 
 
 Classroom teachers were in a good position to judge the 
Bluearth program and without exception they considered 
the program a valuable one, pointing to improvements in 
the participants’ social skills and behaviour. Furthermore, 
anecdotal reports from participating teachers in the 
professional development program provided by the 
Bluearth visiting teachers were generally positive. It was 
apparent that the Bluearth Program had an overall positive 
effect on the attitude of the classroom teacher towards 
physical education and its importance in the primary 
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school curriculum. However, formal direct observation of 
these teachers provided little evidence that the Bluearth 
skills had been taken up successfully, as indicated by a lack 
of evidence for improved lesson management skills or 
increased physical activity during physical education 
lessons.   
 
 Academic achievement was gauged through the NAPLAN 
government directed assessments of literacy and 
numeracy and it is recognised that this component of 
academic achievement is just one of many. Two prominent 
findings emerged. Firstly, children in the Bluearth program 
improved more between grades 3 and 5 than children in 
the general current practice program. This was particularly 
evident in the numeracy assessments but similar trends 
followed in other areas. This outcome indicated that taking 
time out of classroom for physical education of the kind 
conducted by Bluearth not only did not hinder 
development of literacy and numeracy, as many parents 
and teachers may have imagined, but served to enhanced 
the learning process.  
 
Another finding of importance was that schools of relative 
homogeneous nature in terms of funding, location and 
socioeconomic status achieved very variable average 
NAPLAN scores. The more remarkable feature however, 
was that the schools achieving the highest average scores 
of literacy and numeracy were those schools whose 
children were on average the fittest and most active. We 
suggested a school cultural effect, indicating that 
coincident attitudes of school staff members to both 
classroom work and physical activity were more likely 
responsible for this relationship than a direct causal 
relationship between fitness and academic achievement. 
 
Our investigation of patterns of physical activity indicated 
a consistent weekly pattern from year to year in both boys 
and girls where the volume of physical activity gradually 
increases through the weekdays and drops off on the 
weekend. Girls were generally less active than boys, and it 
is of concern that only 30% of the boys and 19% of the girl 
met the level of physical activity considered to be 
sufficient for optimal development and health. Even more 
concerning is that recommended levels  for moderate and 
vigorous physical activity (an intensity equal to that of 
walking or greater)  was achieved by 30% of the boys but 
only 8% of the girls in the final two year of primary school. 
Although children were more active on the days of 
participation in the Bluearth program, the specialized 
physical education afforded no advantage in encouraging 
more weekly physical activity than the general classroom 
teachers’ physical education.  
 
Analysis of longitudinally acquired data pointed to the 
close links between physical activity and fitness of the 
children. Children who increased their general levels of 
physical activity during the study were measured with 
increased cardiorespiratory fitness. Equally important is 
that both physical activity and fitness are related to the 
body composition of the children. Analyses of the 
development of percent body fat in children indicated that 

the fatter children did not consume more kilojoules of 
energy, nor did they consume more fat or sugar, but they 
were less active. Whilst not entirely conclusive due to the 
observational design of this study, this suggests that, at 
least in our cohort of young Australian children, obesity is 
more directly related to insufficient physical activity than 
excess consumption of food and beverage. 
  
Insulin resistance is known to be a precursor of Type 2 
diabetes, a chronic disease of epidemic proportions in the 
developed and developing world. Any way to offset the 
increase in insulin resistance presents as an important 
preventative medical strategy. Among our findings, two 
very important ones stand out. Firstly, children who 
participated in the Bluearth program benefitted by 
reduced levels of insulin resistance relative to the current 
practice physical education. It is important to note that 
this was not an acute short training program, but a 
physical education program provided by specialists just 
twice a week.  Secondly, our longitudinal data indicated 
that strategies to reduce insulin resistance in girls are more 
likely to be successful by focusing more on reduction of 
body fat. In boys, however, a strategy aimed at increasing 
fitness and physical activity is likely to be more effective.  
 
The study of skeletal development indicated that the 
Bluearth program elicited some gains in certain aspect of 
bone strength but not in others. This was another 
encouraging finding for physical education conducted by 
specialist teachers and for the Bluearth program, which did 
not specifically set out to provide the kind of weight 
bearing physical activity known to be directly involved with 
improved bone strength. This section of work also pointed 
to the importance of the pre-adolescent period as one of 
adaptability of the skeletal system, especially with the 
underlying, but as yet unconfirmed premise that weight 
bearing physical activity during this period may in turn 
contribute to the prevention of osteoporosis in later life. 
 
Following some promising early positive effects of the 
Bluearth program on body dissatisfaction in girls and 
depression in boys, the psychology research group did not 
uncover any sustained beneficial effects of the specialist 
conducted program compared with the classroom 
teachers’ program on the levels of stress, body image or 
depression. It was evident, however, that children with 
better fitness reported greater satisfaction with their 
bodies, and this was particularly evident as well for girls 
with lower percent body fat. Fitness was also a predictor of 
lower levels of depression and stress, supporting previous 
research and suggesting that physical activity and fitness 
may be important contributors to the general 
psychological well-being and development in the pre-
adolescent years.   
 
Given the emphasis of the Bluearth program on presenting 
challenges to dynamic and static balance skills as well as to 
eye-hand coordination, the LOOK research team was 
particularly interested in investigating the program's effect 
in these areas. However, although there were 
improvements in balance and also in eye-hand 
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coordination as children developed with age, no evidence 
emerged of any advantage of specialist-taught physical 
education over classroom teacher conducted physical 
education. As both groups of children made considerable 
improvements throughout the four years, one 
interpretation of these data might be that both programs 
were equally successful in developing motor skill, 
especially as both programs did include considerable ball 
and other object throwing and catching practices through 
the four years. However it does remain that the specificity 
of the balance tests involved in the LOOK research may not 
have been sufficiently specific or sensitive to detect 
program related differences in the increasingly demanding 
types of static and dynamic balance skills practiced in 
every lesson throughout four years of primary school by 
Bluearth participants. The research group involved in the 
balance work was also keen to explore the children’ field 
dependence or independence based on research that 
these characteristics may predict preferences for individual 
or team sports and the possibility that development of 
body awareness might be associated with field 
dependence or independence qualities. However there 
was no evidence of any particular effect of the Bluearth 
program compared with the current practice school 
program. 
 
Cardiovascular disease, like Type 2 diabetes is suspected to 
have its roots in early life. The LOOK measurements of 
markers of cardiovascular disease revealed novel 
longitudinally based evidence of early signs of increased 
risk in children if their fitness declined or their percent 
body fat increased relative to normal development of the 
group as a whole.  One particularly interesting finding was 
the relationship between a marker of chronic 
inflammation, C-reactive protein, the concentration of this 
biomarker increasing in both boys and girls once a 
threshold of percent body fat, coinciding with overweight, 
was reached. The clinical significance of these findings is 
unknown at this point in time, and only continuation of 
longitudinal studies into adulthood will provide relevant 
clinical information. Another interesting outcome of our 
investigation of biomarkers in childhood was the evidence 
of an early beneficial effect of the Bluearth program in 
producing a relative reduction in low density lipoprotein 
cholesterol in the boys. This effect occurred in the first two 
years of the study and which was sustained for the 
remaining two years. Bearing in mind the difficulties in 
detecting differences in any characteristic of young 
developing children, this effect of specialized intervention 
despite the moderate magnitude or the effect, was 
impressive. 
 
The associated research on arterial stiffness is work still in 
progress, as are our echocardiograph assessments of 
development of the developing heart during the 8-10 year-
old growth period. A change in the research team has 
meant a delay in the analyses of these longitudinal data. 
Nevertheless the importance of this work is highlighted by 
our report of cross-sectional (population level) data which 
provided new evidence of early signs of risk of arterial 
dysfunction in 10 year-old boys and girls; and that this risk 

is associated with increased percentage of body fat and 
decreased cardiorespiratory fitness.   
 
Finally and certainly not of any lesser importance than any 
other section of our work, the questionnaire provided for 
the parents revealed that parental attitudes and behavior 
were of considerable influence on the amount of physical 
activity and the fitness of their child. In particular, the 
quantity of moderate and vigorous physical activity of the 
girls, but not boys, in the final two years of primary school 
was significantly influenced by the advice provided by their 
parents. It was also evident that sporting clubs make a 
solid contribution to the physical activity levels of children, 
indicating that sporting team coaches are likely to 
contribute strongly to the physical activity levels of 
children. This leads us to identifying four groups of adults 
who seem to provide the greatest influence on the overall 
physical activity of children. They are the parents, school 
principals, the physical education teachers and the sports 
coaches.   
 
Considering that average physical activity levels of our 
cohort are nowhere near the recommended levels, it is 
clear that more attention needs to be provided for 
children who are at risk of poor health through physical 
inactivity and obesity. We already have physical education 
in schools that is available and in fact mandatory for all 
children. We have demonstrated that specialist taught 
programs are of obvious benefit compared with programs 
delivered by already overburdened classroom teachers. It 
follows that an investment in specialist physical education 
in primary schools, where they could conduct their own 
lessons and work closely with classroom teachers to  
develop their physical education capabilities, would 
appear to be a sensible and rewarding approach to 
combating the physical inactivity/obesity hazards so 
apparent in our society.  
 

The effect of the Bluearth physical education program 

In designing this study we were prevented from randomly 
assigning children within the same class, or even the same 
school “intervention” or “control” subjects. To avoid what 
we might refer to as “cross-contamination” of intervention 
and control program substance, it was necessary to avoid 
direct contact and communication between classroom 
teachers of intervention and control groups, and also 
between children assigned to intervention and control 
groups.  
 
Consequently this large scale longitudinal study has high 
statistical power for detecting between-child relationships 
as well as direct relationships between changes in 
responses and potential explanatory variables. In between-
child (cross-sectional) analyses we often had more than 
500 children involved, each of whom we may have 
measured on three separate occasions in grades 2, 4, and 
6, so N=1500.   For within-child (longitudinal) analyses, two 
or three observations were carried out on the one child 
and N=500, which also provided high statistical power. 
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However, the study design was such that detection of any 
intervention effect was a much more difficult proposition, 
for several reasons.   
 
Firstly, for the effect of the intervention, which was 
randomly assigned at the school level, the statistical power 
of the design is limiting, with 29 schools usually involved, 
so N=29.  Secondly, the effect of the intervention was 
gauged relative to a control group. However, for obvious 
reasons we could not assign a classical control that 
refrained from teaching physical education, or one that 
was restricted in physical activity.  Instead, our control 
consisted of children being taught physical education by 
their classroom teachers. This provided control for growth 
and development, and also for measurement variation 
from year to year, but a control group that already 
consisted of physical education rendered any intervention 
effects more difficult to detect. Moreover, during the 
study we were surprised that for many of the key 
responses in which we were investigating effects of the 
intervention, there was empirical evidence of considerable 
school by year variation. In other words, not only was 
there variation between schools in a response such as a 
blood risk factor, but the extent of the variation changed 
from year to year.  Consequently we were attempting to 
detect an intervention effect against a variable base of 
control. 
 
The bottom line is that intervention effects in the LOOK 
study tended to be masked by these features. Underlying 
all of these design issues is the added difficulty of a 
physical education program delivered twice a week making 
a difference during growth and development of the 
preadolescent years, where many of the children had 
moved into the more rapid growth and development 
phase of puberty.   
 
Despite these features it has been possible to identify 
intervention effects for a number of key responses. With 
the nature of the experimental control, and the model 
which takes into account statistical adjustment for 
potentially confounding variables (e.g. body weight, 
socioeconomic status, pubertal rating) we feel confident 
that any detected intervention effect was real.   On the 
other hand, it was often difficult to identify potential 
mediating factors for these outcomes.  
 
In summary of these effects, the Bluearth Program of 
physical education delivered by visiting physical education 
specialists was able to elicit improvements in: 
  
a) NAPLAN scores, especially Numeracy (grades 3 to 5),  
b) Insulin resistance (grades 2 to 6),  
c) Bone strength (grades 3 to 6),  
d) Blood cholesterol (grade 2 to 4, boys),  
e) Percent body fat (grade 3 to 5),   
f) Body image (grade 2 to 3 in girls), 
g) Depression (grade 2 to 3 in boys),   
h) Total, moderate and vigorous physical activity on days 

Bluearth was taught (grades 5 and 6). 
 

The added value of LOOK 

This was considerable. Most importantly, several serious 
abnormalities were detected, leading to early treatment of 
potentially very serious conditions such as heart failure 
and cancer. As might be expected these parents were 
particularly appreciative of the LOOK study. The LOOK 
project has also contributed to the scientific literature 
during the measurement phases of the study. As indicated 
in the appendix, showing 10 publications prior to this 
report being drawn up, the LOOK project staff have 
contributed to the literature in methodological issues 
concerned with body composition and reference values for 
blood variables in health pre-adolescent children. Further 
methodological work has been undertaken by the 
psychology researcher group with the development of 
tests to assess the psychological characteristics of children. 
Finally, a manuscript is currently in preparation by the 
LOOK pathology team that contributes to our 
understanding of a recently introduced indicator of heart 
trauma called troponin. With considerable interest and 
excitement we have detected its presence in perfectly 
healthy children in the LOOK cohort! 
 

Final comment 

 In brief, this study provides solid evidence of the 
importance of obtaining adequate physical activity, 
developing good levels of fitness and maintaining optimal 
body composition to the physical, psychological and 
sociological development and well-being of pre-adolescent 
children living in a developed and prosperous country.  
Furthermore the benefits derived from  carefully designed 
and specialist taught physical education, as presented for 
the LOOK study by the teachers from the Bluearth 
Foundation, suggest that such a program would be of 
benefit to all primary school children, despite or perhaps 
even because of the many influences associated with life in 
a modern affluent country.  
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APPENDIX A. PUBLICATIONS 

ABSTRACTS OF PUBLICATIONS: 
 
 

ESTABLISHMENT OF PEDIATRIC REFERENCE INTERVALS ON A LARGE COHORT OF HEALTHY CHILDREN. 

Southcott EK, Kerrigan JL, Potter JM, Telford RD, Waring P, Reynolds GJ, Lafferty AR, Hickman PE. 
Clin Chim Acta. 2010 Oct 9;411(19-20):1421-7. Epub 2010 Jun 22. 

Abstract 

BACKGROUND:  
Reference intervals are essential in assessing the significance of laboratory results. There have been limited studies generating reference 
intervals from pediatric populations. We have studied a large cohort of healthy children on 3 separate occasions at 2yearly intervals. 
METHODS:  
852 healthy 8year old children were enrolled in a community-based multidisciplinary longitudinal study investigating how early physical 
activity contributes to health. The same children came back for reassessment at ages 10 and 12years. Blood samples were analyzed for a 
total of 37 different chemistries, immunoassays or derived values. 
RESULTS:  
Reference intervals were derived for all the analytes for males and females separately. 
CONCLUSION:  
Whilst our results are largely in agreement with previously published work, we have shown that for a number of analytes, 
previously published work is distorted by subclinical disease. 
 
 

RELATIONSHIP BETWEEN INDICES OF ADIPOSITY OBTAINED BY PERIPHERAL QUANTITATIVE COMPUTED 

TOMOGRAPHY AND DUAL-ENERGY X-RAY ABSORPTIOMETRY IN PRE-PUBERTAL CHILDREN. 

Ducher G, Daly RM, Hill B, Eser P, Naughton GA, Gravenmaker KJ, Seibel MJ, Javaid A, Telford RD, Bass SL. 
Ann Hum Biol. 2009 Nov-Dec;36(6):705-16. 

Abstract 

BACKGROUND/AIM:  
The study investigated the relationship between indices of adiposity measured by peripheral quantitative computed tomography (pQCT) and 
dual-energy X-ray absorptiometry (DXA) in pre-pubertal children. 
SUBJECTS AND METHODS:  
DXA-derived per cent body fat (%BF) was measured in 284 boys and 288 girls, aged 7-10 years. Cross-sections of the forearm (n=427) and 
lower leg (n=560) were obtained by pQCT to measure total cross-sectional area of the limb (Total CSA), Muscle CSA, Fat CSA, %Fat CSA (Fat 
CSA/Total CSAx100) and muscle density. 
RESULTS:  
Peripheral QCT-derived %Fat CSA in the forearm and lower leg correlated strongly with DXA-derived %BF (r=0.83-0.89, p<0.01) in both boys 
and girls. However, forearm and lower leg %Fat CSA were higher than whole body %BF by 5% and 10%, respectively. A better prediction of 
whole-body %BF was achieved by including %Fat CSA, muscle density and height into a hierarchical regression model. Using sex-specific 
regression equations, 87.7% of the boys and 83.7% of the girls had a predicted %BF within 3% units of the %BF obtained by DXA. 
CONCLUSION:  
In pre-pubertal children, pQCT measures of adiposity are strongly associated with whole-body per cent body fat. This reproducible method 
could be an alternative technique to estimate body composition in this population. 
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DAY-DEPENDENT STEP-COUNT PATTERNS AND THEIR PERSISTENCE OVER 3 YEARS IN 8-10-YEAR-OLD 

CHILDREN: THE LOOK PROJECT. 

Telford RD, Cunningham RB, Telford RM. 
Ann Hum Biol. 2009 Nov-Dec;36(6):669-79. 

Abstract 

BACKGROUND:  
Physical activity in children is known to be generally lower at weekends but whether systematic day-to-day differences exist throughout the 
week is unclear. 
AIM:  
To determine if weekly patterns of pedometer-assessed physical activity (PPA) exist in elementary school-aged Australian boys and girls and 
whether they persist over 3 years. Subjects and methods: Seven-day pedometer measurements were recorded from 389 boys and 387 girls 
of initial age 8.0 (SD 0.3) in three successive years during spring. General linear mixed modelling was used to investigate patterns and the 
persistence of PPA. 
RESULTS:  
A pattern did emerge, significant differences in PPA occurring between certain days of the week (p<0.001). This pattern was similar in each 
year, PPA increasing from Monday through to Friday, decreasing on Saturday and again on Sunday. PPA was greater in boys (p<0.001), but 
less so on weekends. Significant day-to-day and year-to-year intra-class correlations of PPA (0.14 and 0.29, respectively, both p<0.001)) 
within individuals provided evidence of tracking on a daily basis, and to a lesser extent yearly. 
CONCLUSIONS:  
A well-defined week-long pattern of steps/day emerged in these 8-10-year-old children, the pattern being similar in three consecutive years. 
 
  

OVERWEIGHT CHILDREN HAVE A GREATER PROPORTION OF FAT MASS RELATIVE TO MUSCLE MASS IN THE 

UPPER LIMBS THAN IN THE LOWER LIMBS: IMPLICATIONS FOR BONE STRENGTH AT THE DISTAL FOREARM. 

Ducher G, Bass SL, Naughton GA, Eser P, Telford RD, Daly RM. 
Am J Clin Nutr. 2009 Oct;90(4):1104-11. Epub 2009 Aug 26. 

Abstract 

BACKGROUND:  
The influence of adiposity on upper-limb bone strength has rarely been studied in children, despite the high incidence of forearm fractures in 
this population. 
OBJECTIVE:  
The objective was to compare the influence of muscle and fat tissues on bone strength between the upper and lower limbs in 
prepubertal children. 
DESIGN:  
Bone mineral content, total bone cross-sectional area, cortical bone area (CoA), cortical thickness (CoTh) at the radius and tibia 
(4% and 66%, respectively), trabecular density (TrD), bone strength index (4% sites), cortical density (CoD), stress-strain index, 
and muscle and fat areas (66% sites) were measured by using peripheral quantitative computed tomography in 427 children 
(206 boys) aged 7-10 y. 
RESULTS:  
Overweight children (n = 93) had greater values for bone variables (0.3-1.3 SD; P < 0.0001) than did their normal-weight peers, 
except for CoD 66% and CoTh 4%. The between-group differences were 21-87% greater at the tibia than at the radius. After 
adjustment for muscle cross-sectional area, TrD 4%, bone mineral content, CoA, and CoTh 66% at the tibia remained greater in 
overweight children, whereas at the distal radius total bone cross-sectional area and CoTh were smaller in overweight children 
(P < 0.05). Overweight children had a greater fat-muscle ratio than did normal-weight children, particularly in the forearm (92 
+/- 28% compared with 57 +/- 17%). Fat-muscle ratio correlated negatively with all bone variables, except for TrD and CoD, 
after adjustment for body weight (r = -0.17 to -0.54; P < 0.0001). 
CONCLUSIONS:  
Overweight children had stronger bones than did their normal-weight peers, largely because of greater muscle size. However, 
the overweight children had a high proportion of fat relative to muscle in the forearm, which is associated with reduced bone 
strength. 
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CONTRASTING LONGITUDINAL AND CROSS-SECTIONAL RELATIONSHIPS BETWEEN INSULIN RESISTANCE AND 

PERCENTAGE OF BODY FAT, FITNESS, AND PHYSICAL ACTIVITY IN CHILDREN-THE LOOK STUDY. 

Telford RD, Cunningham RB, Shaw JE, Dunstan DW, Lafferty AR, Reynolds GJ, Hickman PE, Southcott E, Potter JM, Waring P, 
Telford RM. 
Pediatr Diabetes. 2009 Dec;10(8):500-7. Epub 2009 Apr 30. 

Abstract 

BACKGROUND:  
Knowledge of individual changes in insulin resistance (IR) and longitudinal relationships of IR with lifestyle-associated factors are of 
important practical significance, but little longitudinal data exist in asymptomatic children. We aimed to determine (a) changes in the 
homeostatic model of insulin resistance (HOMA-IR) over a 2-yr period and (b) comparisons of longitudinal and cross-sectional relationships 
between HOMA-IR and lifestyle-related risk factors. 
METHODS:  
Our subjects, 241 boys and 257 girls, were assessed at age 8.1 yr (SD 0.35) and again 2 yr later for fasting blood glucose and insulin, dual X-
ray absorptiometry-assessed percentage of body fat (%BF), pedometer-assessed physical activity (PA), and cardiorespiratory fitness (CRF) by 
multistage running test. 
RESULTS:  
HOMA-IR was initially 9% greater in girls than boys and 27% greater 2 yr later. There was no evidence of longitudinal relationships between 
HOMA-IR and %BF in boys or girls, despite significant cross-sectional relationships (p < 0.001). In boys, there was evidence of a longitudinal 
relationship between HOMA-IR and both PA (p < 0.001) and CRF (p = 0.05). In girls, we found a cross-sectional relationship between HOMA-
IR and CRF (p < 0.001). 
CONCLUSIONS:  
HOMA-IR increases between 8 and 10 yr of age and to a greater extent in girls. Longitudinal, unlike cross-sectional, relationships do not 
support the premise that body fat has any impact on HOMA-IR during this period or that PA or CRF changes affect HOMA-IR in girls. These 
data draw attention to difficulties in interpreting observational studies in young children. 
 
 
 
 

INFLUENCE OF ADIPOSITY AND PHYSICAL ACTIVITY ON ARTERIAL STIFFNESS IN HEALTHY CHILDREN: THE 

LIFESTYLE OF OUR KIDS STUDY. 

Sakuragi S, Abhayaratna K, Gravenmaker KJ, O'Reilly C, Srikusalanukul W, Budge MM, Telford RD, Abhayaratna WP. 
Hypertension. 2009 Apr;53(4):611-6. Epub 2009 Mar 9. 

Abstract 

Childhood obesity is increasingly prevalent in the community and is related to adverse cardiovascular outcomes during 
adulthood. In this study of healthy children, we evaluated the influence of adiposity and physical activity on carotid-femoral 
pulse wave velocity (PWV), an index of arterial stiffness and a marker of cardiovascular risk in adults. In 573 community-based 
children (mean age: 10.1+/-0.3 years; 51% boys), we measured body mass index and waist circumference. Percentage body fat 
was quantitated by dual-energy x-ray absorptiometry. Cardiorespiratory fitness (CRF) and physical activity levels were assessed 
using a 20-m shuttle run and 7-day pedometer count, respectively. PWV was estimated by applanation tonometry. In 
univariate analysis, PWV was positively correlated with body mass index (r=0.34), waist circumference (r=0.32), and 
percentage body fat (r=0.32; P<0.001 for all) and negatively correlated with CRF (r=-0.23; P<0.001) and pedometer count (r=-
0.08; P=0.046). In separate multivariable linear regression models, body mass index, waist circumference, and percentage of 
body fat were independently and positively associated with PWV (P<0.01 for all) after adjusting for age, sex, systolic blood 
pressure, mean arterial pressure, heart rate, and CRF (P<0.01 for all). The influence of CRF on PWV was attenuated after 
adjusting for adiposity. In conclusion, increased body mass and adiposity and decreased CRF are associated with arterial 
stiffening in healthy prepubescent children. 
 
. 
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REFORMULATION OF BMI AND PERCENT BODY FAT TO REMOVE THE HEIGHT BIAS IN 8-YEAR-OLDS. 

Telford RD, Cunningham RB. 
Obesity (Silver Spring). 2008 Sep;16(9):2175-81. 

Abstract 

BMI and percent body fat (%BF) are both related to height (Ht) in prepubertal children, so may misrepresent childhood adiposity, especially 
in tall or short children. We sought to construct replacement functions for BMI and %BF that are independent of Ht. Fat mass (FM) was 
measured using dual-energy X-ray absorptiometry, together with Ht and body mass (BM) in 746 healthy boys and girls aged 8 years (0.34 
s.d.). Relationships between BM, FM, and Ht were measured and values of p and q derived such that the functions BM.Ht(-p) and FM.BM(-q) 
were unrelated to Ht. BM was not directly proportional to Ht2, BMI being significantly related to Ht in both boys and girls (P < 0.001). BM 
was proportional to Ht3, BM.Ht(-3) being independent of Ht. Similarly, FM was not directly proportional to BM and %BF was significantly 
related to Ht (P < 0.001). While FM was proportional to BM2, FM.BM(-1.5) was the function found to be independent of Ht. Using the 85th 
and 95th percentiles as the cutoffs for overweight and obesity respectively, 6.4% of the boys and 6.8% of the girls were classified differently 
by BMI and the Ht independent measure BM.Ht(-3). Similarly, 10.1% boys and 13.7% girls were classified differently by %BF and the Ht 
independent measure FM.BM(-1.5). We propose that improved diagnostic accuracy of body composition in 8-year-olds is provided by the 
BM function (BMF, BM.Ht(-3)) and FM function (FMF, FM.BM(-1.5)) replacing BMI and %BF, which both overestimate the adiposity of taller 
children and underestimate it in shorter children. 
 
 

DISCORDANCE OF INTERNATIONAL ADIPOSITY CLASSIFICATIONS IN AUSTRALIAN BOYS AND GIRLS - THE LOOK 

STUDY. 

Telford RD, Cunningham RB, Daly RM, Reynolds GJ, Lafferty AR, Gravenmaker KJ, Budge MM, Javaid A, Bass SL, Telford RM. 
Ann Hum Biol. 2008 May-Jun;35(3):334-41. 

Abstract 

BACKGROUND:  
Various charts based on body mass index (BMI) and per cent body fat (%BF) are used to classify childhood body composition but outcomes 
may vary. 
AIM:  
The study investigated variation in incidences of childhood obesity as depicted by four classification charts. 
SUBJECTS AND METHODS:  
BMI and DXA-derived %BF were assessed in 741 children. Incidences of overweight and obesity were compared between two BMI charts and 
two bioelectrical impedance (BIA)-based %BF charts. 
RESULTS:  
The International Obesity Task Force (IOTF)-adopted BMI chart designated 21%, 6% (boys), and 26%, 9% (girls) as overweight and obese, 
respectively. Corresponding figures using the USA CDC BMI chart were 27%, 11% (boys) and 27%, 12% (girls). Using a USA-derived %BF chart 
incidences were 17%, 2% (boys) and 21%, 8% (girls) and using a UK-derived %BF chart 51%, 24% (boys) and 53%, 36% (girls). Sensitivity of 
BMI varied according to the %BF reference chart. 
CONCLUSIONS:  
In contrast to the BMI-based charts, there were considerable variations in depicted incidences of obesity between the %BF-based charts. 
These discordances were considered to result from previously reported variation within and between BIA and DXA %BF assessments 
underlying the charts. The present study highlights the need for valid, reliable, unchanging BIA and DXA procedures. 
 
 
 

THE LIFESTYLE OF OUR KIDS (LOOK) PROJECT: OUTLINE OF METHODS. 

Telford RD, Bass SL, Budge MM, Byrne DG, Carlson JS, Coles D, Cunningham RB, Daly RM, Dunstan DW, English R, Fitzgerald 
R, Eser P, Gravenmaker KJ, Haynes W, Hickman PE, Javaid A, Jiang X, Lafferty T, McGrath M, Martin MK, Naughton GA, Potter 
JM, Potter SJ, Prosser L, Pyne DB, Reynolds GJ, Saunders PU, Seibel MJ, Shaw JE, Southcott E, Srikusalanukul W, Stuckey D, 
Telford RM, Thomas K, Tallis K, Waring P. 
J Sci Med Sport. 2009 Jan;12(1):156-63. Epub 2007 Oct 24. 

Abstract 

This methods paper outlines the overall design of a community-based multidisciplinary longitudinal study with the intent to stimulate 
interest and communication from scientists and practitioners studying the role of physical activity in preventive medicine. In adults, lack of 
regular exercise is a major risk factor in the development of chronic degenerative diseases and is a major contributor to obesity, and now we 
have evidence that many of our children are not sufficiently active to prevent early symptoms of chronic disease. The lifestyle of our kids 
(LOOK) study investigates how early physical activity contributes to health and development, utilizing a longitudinal design and a cohort of 
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eight hundred and thirty 7-8-year-old (grade 2) school children followed to age 11-12 years (grade 6), their average family income being very 
close to that of Australia. We will test two hypotheses, that (a) the quantity and quality of physical activity undertaken by primary school 
children will influence their psychological and physical health and development; (b) compared with existing practices in primary schools, a 
physical education program administered by visiting specialists will enhance health and development, and lead to a more positive perception 
of physical activity. To test the first hypothesis we will monitor all children longitudinally over the 4 years. To test the second we will involve 
an intervention group of 430 children who receive two 50min physical education classes every week from visiting specialists and a control 
group of 400 who continue with their usual primary school physical education with their class-room teachers. At the end of grades 2, 4, and 6 
we will measure several areas of health and development including blood risk factors for chronic disease, cardiovascular structure and 
function, physical fitness, psychological characteristics and perceptions of physical activity, bone structure and strength, motor control, body 
composition, nutritional intake, influence of teachers and family, and academic performance. 
 
 

LOW PHYSICAL ACTIVITY AND OBESITY: CAUSES OF CHRONIC DISEASE OR SIMPLY PREDICTORS? 

Telford RD. 
Med Sci Sports Exerc. 2007 Aug;39(8):1233-40. 

Abstract 

BACKGROUND AND PURPOSE:  
Many studies have shown associations between risk of morbidity and mortality with both obesity and low physical activity (PA), but 
association does not imply causality. Moreover, there is an inverse relationship between PA and obesity; therefore, controlling for one of 
these factors when investigating the risk associated with the other is essential. The purpose of this review is to determine whether low PA 
and obesity actually cause metabolic dysfunction and chronic disease, especially type 2 diabetes (T2D), rather than simply operating as 
predictors or markers. 
METHODS:  
The case for causality is strengthened if the following two conditions are satisfied: first, that significant associations between obesity or low 
PA and risk persist after controlling appropriately; and second, that the physiological mechanisms by which obesity or low PA may exert a 
causal effect are clearly established. The studies examined include those that have used cardiorespiratory (CR) fitness as a surrogate 
measure for PA, thus also providing evidence for low CR fitness as an independent risk factor in its own right. 
RESULTS AND CONCLUSIONS:  
Low PA and poor CR fitness are independent predictors of mortality related to type 2 diabetes and chronic disease in general. Together with 
well-demonstrated mechanisms, there is strong evidence that low PA and low CR fitness are direct, independent causes of metabolic 
dysfunction and type 2 diabetes. Despite some reports to the contrary, there is evidence that both general and visceral obesity are predictors 
of mortality and morbidity after controlling for PA. However, in the absence of established mechanisms, evidence is insufficient to conclude 
that either general or visceral obesity is a direct, independent cause of metabolic dysfunction or type 2 diabetes. 

 

STRESSOR EXPERIENCE IN PRIMARY SCHOOL-AGED CHILDREN: DEVELOPMENT OF A SCALE TO ASSESS PROFILES 

OF EXPOSURE AND EFFECTS ON PSYCHOLOGICAL WELL-BEING. 

By Byrne, Don G.; Thomas, Kerry A.; Burchell, Jodie L.; Olive, Lisa S.; Mirabito, Natalie S. 
International Journal of Stress Management, Vol 18(1), Feb 2011, 88-111. 

Abstract 

This study reports the development of a scale—the Children's Stress Questionnaire (CSQ). It goes on to report the utility of the 
CSQ to assess the nature and level of stressor experience in a large sample of young and normal, primary school-age children, 
to document profiles of stressor experience in that age group, and to establish relationships between childhood stress and 
both current and future psychological dysfunction. Stressors grouped statistically into five related subscales, the largest of 
which reflected daily hassles beyond normal control. Repeat administrations of the CSQ 12 months apart confirmed the 
stability of the factor structure. Subscales demonstrated acceptable reliability, both internally and over time. In addition, 
subscale scores consistently related to negative (though not positive) mood at intake. More important, most subscale scores at 
intake statistically predicted depression three to four months and then 12 months later and anxiety at 24 months. The CSQ 
meets the stated need for an instrument capable of assessing stressor experience in unselected (nondysfunctional) young 
children and has demonstrated utility for further research on stress and health in this age group.  
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APPENDIX B. THE PHYSICAL ACTIVITY INDEX 

 
Statistical Note associated with the calculation of the Physical Activity Index used throughout 

the LOOK study.  

 
A. For a given year (i) the formal definition of the BLUP ,used in deriving the PA Index, for the jth child of 

the kth sex is 
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,             where 
kjiμ̂ is the estimated mean for the 

jth child of the kth sex and kiμ̂ is the estimated overall mean for the kth sex,
2
siσ̂  is the between-child variance 

component, wi
2σ̂ is the within-child variance component and 

kjir is the number of repeat measures on subject j of the 

kth sex in year i.  

 
 

B. In each year we estimated the between-child variance component, 2ˆ siσ , and the within-child variance,

w
2σ̂ . For increased statistical efficiency we modeled the three years together by including a term for the Subject.Year 

random variance. We denote the variance component for this term by 
2

Syσ̂ , the overall between-subject variability 

by
2

Sσ̂ , and the overall within-subject variability by 
2

wσ̂ . All variance components are estimated after adjusting for 

fixed effects, Sex, Year, and Day of the Week effects. Using all years’ data, estimates of
2ˆSσ ,

2
Syσ̂   and w

2σ̂  were 

85.4, 91.9 and 429.6 respectively; both 
2ˆSσ  and 

2
Syσ̂  being significantly different from zero (p<0.001) and evidence 

of tracking as indicated in the main text. The intra-class correlation between average PA recordings from year to year 

within a child was 
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= 0.14 (p<0.001), and the intra-class correlation between daily activity levels within individuals is 

calculated as 
6.4299.914.85
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+
 = 0.29 (p<0.001).
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APPENDIX C.  PSYCHOLOGY SCALE DEVELOPMENT 

 

Body image assessment literature that guided the development of the LOOK body image scale  

 
Kaneko K, Kiriike N, Ikenaga K, Miyawaki D, Yamagami S. Weight and shape concerns and dieting behaviours among pre-
adolescents and adolescents in Japan. Psychiatry and Clinical Neurosciences 1999;53(3):365-371. 
 
Thurfjell B, Edlund B, Arinell H, Hägglöf B, Engström I. Psychometric properties of Eating Disorder Inventory for children (EDI-C) 
in Swedish girls with and without a known eating disorder. Eating and Weight Disorders 2003;8:296-303. 
 
Thurfjell B, Edlund B, Arinell H, Hägglöf B, Garner DM, Engström I. Eating Disorder Inventory for Children (EDI-C): effects of age 
and gender in a Swedish sample. European Eating Disorders Review 2004;12(4):256-264. 
 
Chen H, Jackson T, Huang X. The Negative Physical Self Scale: Initial development and validation in samples of Chinese 
adolescents and young adults. Body Image 2006;3(4):401-412. 
 
Lindberg SM, Hyde JS, McKinley NM. A Measure of Objectified Body Consciousness for Preadolescent and Adolescent Youth. 
Psychology of Women Quarterly 2006;30(1):65-76. 
 
 

Stress inventories used in the development of the LOOK stress questionnaire 

 
Dise-Lewis JE. The Life Events and Coping Inventory: An assessment of stress in children. Psychosomatic Medicine 1988;50:484-
499. 
 
Findley DB, Leckman JF, Katsovich L, Lin H, Zhang H, Grantz H, et al. Development of the Yale Children's Global Stress Index 
(YCGSI) and Its Application in Children and Adolescents With Tourette's Syndrome and Obsessive-Compulsive Disorder. Journal 
of the American Academy of Child & Adolescent Psychiatry 2003;42(4):450-457. 
 
Röder I, Boekaerts M, Kroonenberg PM. The Stress and Coping Questionnaire for Children (school version and asthma version): 
Construction, factor structure, and psychometric properties. Psychological Reports 2002;91:29-36. 
 
Williamson DE, Birmaher B, Ryan ND, Shiffrin TP, Lusky JA, Protopapa J, et al. The Stressful Life Events Schedule for children 
and adolescents: development and validation. Psychiatry Research 2003;119(3):225-241. 
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