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ABSTRACT 

This study had three aims which are to investigate: (i) a novel PAD for compliance 

and quality of completion to assess whether it was suitable for supplying accurate data, 

(ii) differences in overall PA around school day, and examine association between 

activity, and (iii) association between mode of travel to school and overall PA, and 

children's and parental perceptions of their neighbourhood. 

The study is designed as a cross-sectional survey of 228 children wearing a CSA to 

record their minute-by-minute activity, and complete a questionnaire describing their real 

and perceived views of their school, home environment, and travel habits. A sub-sample 

of 135 children completed PAD for a week. 

Half of participants completed 22 out of 26 periods of the diary with more hours of 

recordings were during weekend. PAD is a valid measure if it is completed properly 
during weekdays. There is a significant correlation between minutes of MVPA recorded 
by PAD and CSA in weekend only. No difference in activity levels between children 

attending most schools only one school differ from other. Children were significantly 

more active during school hours in most schools; the source of higher activity was during 

breaks time. No significant different between children who walked and car users in 

overall pa. Children who walked recorded significant higher PA during the journey to 

school, and immediately after school and carrying more activities than those who 

travelled by car. This was the first study to investigate the correlates of active travel. No 

differences were seen in perceptions neighbourhood safety between children who walked 

and those who driven. Children who walked had positive views about walking, 

particularly regard to health, but safety was main negative concern. The parents of 

children who were driven to school gave safety, distance, and fitting in with work 

requirements as the main reasons for driving to school. 

Studying children's PA is important for their health consequences and requires 

further attention, however, it is necessary to intervene and increase their activity levels to 

meet the international recommendations. Active transport mode may contribute to a more 

active profile supporting walk-to-school initiatives to increase children's PA. 
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CHAPTER ONE 
INTRODUCTION 



1.1 Introduction 

Researchers have been interested in the relationship between physical activity and 

health outcomes for many years (Swartz et al., 2000). Physical activity in adults is 

associated with positive health benefits, such as a reduction in risk for cardiovascular 

disease, stroke, hypertension and Type 2 diabetes mellitus, osteoporotic fractures, and 

some cancers (Blair et al., 1989; Us Department of Health and Human Services, 1996; 

Blair and Connelly, 1996). Mental health also appears to be associated with an active 
lifestyle, with reports of raised self-esteem and reduced levels of stress, anxiety and 

depression with increased involvement in physical activity (Calvert et al., 2001). 

However, the links seen between physical activity and health in adults are less 

pronounced in children. This is due to many reasons, one being the number of years 

before effects can be observed (Hoos et al., 2003). Blair et al., (1989), proposed a 

model for the health consequences of childhood physical activity. The hypothesised 

relationships within this model suggest that three main benefits arise from adequate 

childhood physical activity. Firstly, there is direct improvement in childhood health 

status. Evidence is increasing that physical activity improves children's physiological 

(decreased blood pressure), anatomical (increased bone strength), biochemical 

(increased levels of HDL-cholesterol), psychological (increased self-esteem), and 

physical (increased strength, flexibility and endurance) health (Rowland, 1990). 

Secondly, there is a biological carryover into adulthood, whereby adult health status is 

a consequence of childhood physical activity. Childhood obesity, for example, may be 

a precursor for many adverse health effects in adulthood, and higher bone masses in 

children decrease the risk of osteoporosis in old age (Boreham and Riddoch, 2001). 

Finally, there may be a behavioural carryover into adulthood, whereby active children 

are more likely to become more active, healthy adults (Boreham and Riddoch, 2001). 

Childhood and adolescence provide the greatest opportunity to influence attitudes 

towards activity, and children who emerge from their school years feeling confident 

about their physical skills and bodies, and who have had positive experiences of 

physical activity, are more likely to be active adults. 
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Physical activity is important for metabolic health in children. To prevent clustering 

of cardiovascular disease risk factors, physical activity levels should be higher than 

the current international guidelines of at least 1h per day of physical activity of at 
least moderate intensity (Biddle et al., 1998; Strong et al., 2005). Achieving 90 min of 
daily activity might be necessary for children to prevent insulin resistance, which 

seems to be the central feature for clustering of cardiovascular disease risk factors 

(Andersen et al., 2006). 

Physical activity levels in England are low in virtually all sections of the adult 

population. Up to two-thirds of men and three-quarters of women report activity 
levels below recommended amounts. Overall, it appears that, over the past 20 - 30 

years, there has been a substantial decrease in physical activity as part of daily routine 
in England, and a small increase in the proportion of people engaging in physical 

activity for leisure (Office for National Statistics, 2004). Children are more active 

than adults, although many may not participate in sufficient activity to achieve the full 

range of health benefits. About one-third of boys and one-third to a half of girls report 

activity levels that may compromise their health. Reductions in activity levels among 

some groups of children during the course of normal daily living are likely to reduce 

the amount of energy expended and may contribute to the epidemic of obesity as 

referred to in the Annual Report of the Chief Medical Officer for 2002, (Department 

of Health, 2004). 

The national Physical Education, School Sport and Club Links strategy has set 

ambitious targets to increase the amount of Physical Education and sport young 

people do. It is also helping bridge the gaps between school and community sport and 

opening up schools out of hours to provide additional sports opportunities for all 

children. By 2008,85% of 5-16 year olds will be spending at least two hours each 

week on high-quality PE and school sport within and beyond the school day. The 

long-term ambition is that by 2010 all children will be able to spend four hours each 

week on sport. This will be made up of at least two hours of high-quality PE and sport 

at school and two to three hours of sport beyond the school day (Department of 

Health, 2005). 
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Physical activity comprises a complex set of behaviours with different dimensions, 

such as frequency, duration and intensity, and which includes habitual active 

commuting, recreational activities such as gardening, and more purposeful activities 

such as gym-based exercise and sport. Different dimensions of physical activity may 
influence different health parameters, and to understand which of these dimensions is 

important for a particular health outcome requires the consistent and accurate 

measurement of each dimension. Children are known to have difficulty recalling their 

physical activities -a task they need to perform when completing self-report physical 

activity questionnaires. This is likely to result in children under-estimating their total 

physical activity. On the other hand, some children may tend to give `socially 

desirable' responses in the form of exaggerated activity levels. For very young 

children, parental report of the child's activity is used, which may also introduce 

error. Measurement of physical activity thus presents many challenges in children, 

and an instrument that can effectively quantify the true level and pattern of an 

individual's activity behaviour does not yet exist. However, the use of instruments 

such as accelerometers to provide an objective measurement of physical activity have 

in recent years greatly improved the accuracy with which children activity can be 

described. 

In order to develop effective intervention programmes to promote physical activity 

among children, there is a need to identify variables that influence activity levels 

(Caspersen et al., 1998). Physical activity is a multifactor behaviour influenced by 

psychological, social, environmental and demographic variables (Welk, 1999). 

Environmental variables are particularly important in studying physical activity, since 

it needs to take place in an appropriate setting with available space, especially 

important given that parents typically control children's access to play spaces (Sallis 

et al., 1997). Importantly, school appears to be an important place for engagement in 

moderate-to-vigorous physical activity. Schools provide unique existing community 

infrastructures because they serve a large number of children over the years (Stone et 

al., 1998). Further, schools have facilities and equipment as well as staff who either 

have expertise or can be trained to teach the skills and benefits of lifelong physical 

activity (Stone et al., 1998). The school day is viewed as the focus for understanding 

children's activity, since during the week a large part of their day is spent at school. 

However, schoolchildren spend the majority of their time in their classes, and physical 
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activity occurs mainly at break times and during physical education classes. The 

influence of the physical environment on physical activity has not yet been fully 

investigated. Accordingly, one of the aims of this study is to investigate children's 

perceptions of their environments and to examine associations between these 

perceptions and objectively measured physical activity. 

A reflection of a changing environment is changes in the pattern of active 
transportation. People undertake less regular travel on foot or by bicycle than in the 

past: over the last 25 years, both walking (which is the most common form of physical 

activity) and cycling have declined by 26% (Department for Transport, 2001). There 

are many threats to children's overall activity levels. There is now a greater use of 

cars to transport children even on short journeys. Parental reluctance to allow children 

to play outdoors appears to have increased through perceived dangers within the 

physical environment, such as heavy traffic and the danger of strangers. It has been 

shown that children are now given less `licence' to act independently away from the 

home at later ages than they were a generation ago (Hillman et al., 1991). 

Trends in travel-to-school habits have been revealed in the Department for 

Transport's National Travel Survey 2002. In 1985-86,67% of children aged 5-10 

years walked to school, whereas in 1999-2000 the figure had fallen to 54%. The 

percentage of children of primary school age transported to school by car over the 

same period increased from 22% to 39%. For primary school children, cycling to 

school is almost non-existent. Such trends in lifestyle patterns among children in 

England, coupled with evidence that childhood obesity is increasing, suggest that 

children's activity levels should be carefully monitored. 

The aim of this thesis is to better understand the association between the school 

environment and active travel to school with children's overall physical activity, using 

state of the art measurement methods. Better understanding of these associations may 

provide information that will inform the design of future interventions to increase 

childhood and adolescent physical activity. The specific objectives of this thesis are: 
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  To investigate levels and patterns of children's physical activity using an 

objective measure of physical activity (accelerometer) combined with a self- 

report physical activity diary. 

  To investigate how the level and pattern of physical activity is associated with 
the school environment. 

  To investigate the association between travel mode to school and children's 

physical activity. 

1.2 Thesis Structure Overview 

This thesis has been divided into 7 Chapters. Chapter 2 reviews the literature on 

children's physical activity, physical activity determinants, and physical activity 

measurements. Chapter 3 describes the general methods used throughout the research. 

The evaluation of the physical activity diary as an instrument for assessing children's 

activity is presented in Chapter 4. Chapter 5 presents the association between physical 

activity levels and school environment. Chapter 6 assesses the associations between 

activity and mode to travel to school. Finally, this thesis concludes with Chapter 7 

where the main thesis findings are presented in relation to the previous literature, and 

the study limitations and future research directions are summarized. 
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CHAPTER TWO 
LITERATURE REVIEW 



2.1 Overview of Chapter Two 

This chapter reviews studies investigating physical activity and environmental 

determinants among children and links these findings to the measurement method 

used. An emphasis was placed on studies that used objective measures of physical 

activity in general. The review of the literature will focus on the following areas: 

  The health benefits of physical activity and the activity guidelines for children. 

  Physical activity measurement methods; strengths, limitations, and main 

applications. 

  Physical activity levels and patterns of children and adolescents. 

  Environmental correlates of physical activity in children. 

2.2 The Health Benefits of Physical Activity and Activity Guidelines 

It is obvious that young children enjoy active play. Most young children will play or 

invent active ways of passing time that involve jumping, dancing, skipping, hopping, 

chasing, running, climbing and cycling. Older children might play sport that is more 

formally organised, either in clubs and teams or in parks and playgrounds (Rippe et 

al., 1993). These forms of play provide a large volume of activity incorporating a 

wide variety of movements, which uses many muscle groups, promotes cardio- 

respiratory development, muscular strength, speed, power, and flexibility, and 

improves mental health. In the mid and later teenage years, these relatively high levels 

of activity decline as a more sedentary way of life is chosen, such as being indoors to 

do homework or to watch television for many hours (Blair and Meredith, 1994). 

There is considerable evidence that lack of physical activity by adults can lead to a 

number of adverse health conditions (Riddoch, 1998; Department of Health, 2004), 

but for children, there is less evidence of the benefits and desirable amounts and types 

of physical activity (Riddoch, 1998). Biddle, Sallis and Cavill (1998) argue that there 

are three main reasons for young people to take part in regular physical activity: 
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  To optimise physical fitness, current health and well-being, and growth and 
development. 

  To develop active lifestyles that can be maintained throughout adult life. 

  To reduce the risk of the chronic diseases of adulthood. 

Despite these strong reasons for promoting physical activity in youth, neither the 

minimal nor the optimal amount of physical activity required to achieve these 

outcomes can be defined precisely (Biddle et al., 1998). Despite this difficulty, they 

make the following recommendations: 

  All young people should participate in physical activity of at least moderate 
intensity for one hour per day 

  Young people who currently do little activity should participate in physical 

activity of at least moderate intensity for at least half an hour per day 

In identification of the health benefits of regular physical activity among children, 
health authorities in many developed countries have issued guidelines that 

recommend children spend at least 60 minutes for every day in physical activity of 

moderate-to-vigorous (MVPA) intensity (Department of Health, 2004; Australian 

Government Department of Health and Ageing, 2004; National Association for Sport 

and Physical Education, 2004). In a study by Fox and Riddoch (2000) using self 

report measures for physical activity, found that around two-thirds of boys and girls 

aged 2-11 years achieve the UK recommendation. Biddle et al., (1998) suggest that 

moderate intensity activities for children may include brisk walking, cycling, 

swimming, most sports or dance, and that such activities may be carried out as part of 

transportation, physical activity, games, sport, recreation, work or structured exercise, 

and for younger children, as part of active play. Accordingly, the normal everyday 

activities in which children participate, including travelling to and from school, can 

contribute to their daily physical activity, which, in turn, should lead to a healthier 

life. 

Whilst, using accelerometers in a study among English primary school children from 

more affluent areas found 98% of boys and 83% of girls achieved these UK 

recommendations (Cooper et al., 2003). Riddoch et al. (2004), in a large 
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epidemiological study from 2185 children aged 9 and 15 years in four different 

countries (Denmark, Portugal, Estonia and Norway) in the European Youth Heart 

Study, 97% of boys and 98% of girls met 60 minutes of moderate activities per day, 

and similarly in American primary aged children, 92% of boys and 87% of girls 

achieved as before recommendation (Pate et al., 2002). 

The number of children in England meeting these guidelines was assessed in the 

Health Survey for England carried out in 2002 (Table 2.1). At that time, around two- 

third of boys and girls aged 2-11 were found to achieve at least 60 minutes of 

moderately intense physical activity each day. Boys and girls spent on average 14.2 

hours and 12.2 hours per week, respectively, taking part in physical activities of at 
least moderate intensity. For boys this figure held steady to age 15, whereas for girls it 

steadily declined. In contrast to concerns about children's activity being in decline, 

large proportions of children reported very high levels of activity, with 42% of boys 

and 33% of girls being active for at least 2 hours per day on at least 5 of the previous 
7 days. At all ages, over one-third of boys were active at this high level. Consequently 

it appears that physical activity levels are not low for many children, but there is a 

substantial population who may be considered "at risk" through low activity. 

Table 2.1 Prevalence of activity and inactivity among children, by sex and age, 
England 2002 

Achieving at least 60 minutes of PA on 
all 7 days before the survey % 

Achieving at least 30 minutes of PA on all 
7 days before the survey % 

Boys 
Aged 2-15 

70 17 

Girls 
Aged 2-15 

61 22 

Age (years) Boys Girls Boys Girls 
2 67 65 20 23 
3 76 78 12 11 
4 73 65 12 21 
5 67 66 17 18 
6 70 69 16 18 
7 71 65 14 22 
8 68 62 18 19 
9 69 62 17 23 
10 72 66 16 17 
11 77 64 14 20 
12 71 52 18 26 
13 69 50 15 27 
14 62 44 24 35 
15 69 50 17 35 

Source: Health Survey for England 2002. 
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However, it should be borne in mind that the level of activity recommended in the 

guidelines has only a limited scientific basis (Biddle et al., 1998; Twisk, 2001). Given 

that levels of overweight and obesity in children are rising, it may be that the 60 

minutes' activity per day recommendation is insufficient to prevent weight gain, at 
least in some children. 

Marshall et al. (2002) suggested that there is need to develop a greater understanding 

of what children are doing during periods of inactivity and how associations between 

different types of sedentary behaviour contribute to patterns of overall sedentariness. 
The sample was a cohort of youth (n=2,494) aged 11-15 years from the USA and UK 

completed a physical activity checklist which included items specifically on sedentary 
behaviours. Using cluster analysis, the key finding was that for both boys and girls, 

there was little relationship between physically active and sedentary behaviours. 

Bailey et al., (1995) carried out an observation procedure that quantified the duration, 

intensity, and frequency of children's physical activities. Results of the observation 

showed that boys aged 6-10 engaged in low intensity activities 77.1% of time and 

high intensity activities 3.1% of time. The median of the duration of low and medium 

intensity activities was 6 seconds, of high intensity activities only 3 seconds with 95% 

lasting less than 15 seconds. Children engaged in very short bursts of intense physical 

activity, interspersed with varying intervals of low and moderate intensity. This 

finding indicates that children do not remain inactive for extended periods of time. 

Moreover, in the review of Welk et al., (2000), it also demonstrated that short 

vigorous bouts of intermittent bouts of vigorous physical activity are typical for 

children and may be necessary for normal growth and development. The intermittent, 

spontaneous and sporadic nature of children's activity means that it presents particular 

challenges for measurement. 

The importance of promoting physical activity in childhood has received extensive 

attention on the basis that physical activity behaviour tracks from childhood into 

adulthood (Malina, 2001). While limited research currently supports this notion 

(Riddoch and Boreham, 1995), it seems logical that providing opportunities for 

physical activity in childhood could increase the likelihood of being physically active 
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in adulthood. As well as, promoting physical activity is a cross-government issue, and 

a priority for several departments. Already there is significant investment, at national 

and local levels, to increase participation in physical activity and more active living, 

and many schemes are already in place. For example, the Department for Culture, 

Media and Sport and the Department for Education and Skills are investing heavily in 

improving physical education and school sport with a goal of increasing opportunities 
for 5-16 year olds in schools. Department for Transport strategies to support increased 

cycling and walking will also contribute to an environment that promotes, rather than 
inhibits physical activity (Department of Health, 2004). 

2.3 Physical Activity Measurement 

Physical activity is a complex behaviour that incorporates all the activities of daily 

living. Defined as "any bodily movement that results in an increase in energy 

expenditure above resting levels" (Caspersen et al., 1985), physical activity has 

dimensions of volume (how much activity done in total), duration (how long a bout of 

activity might be), frequency (number of bouts of activity), intensity (how hard the 

activity is), and mode (the type of activity carried out). 

It is important to understand the nature of children's physical activity in order to 

measure it appropriately. Children's activity is best described as a profile rather than a 

single entity, essentially characterised as a complex matrix of behaviours that take 

place in an array of social contexts, each with its own set of physiological, 

psychological and sociological determinants and outcomes (Fox and Riddoch, 2000). 

Children accumulate physical activity in a varied assortment of activities, such as 

running, jumping, throwing, catching and chasing (Stratton and Leonard, 2002). Their 

physical activity is intermittent, spontaneous and sporadic, both in terms of time and 

intensity (Armstrong and Bray, 1991; Eston et al., 1998), with an abundance of 

tortional movement (Fairweather et al., 1999). 

Due to the nature of children's physical activity behaviour, assessing it is one of the 

most difficult tasks in epidemiological research (Armstrong, 1998). To accurately 

assess children's physical activity, the measurement method must be sensitive enough 
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to detect code and record their complex behaviour (Welk et al., 2000). It is of 

paramount importance when measuring children's physical activity to use an 

appropriate measurement method (Bassett et al., 2000; Leenders et al., 2001). During 

the past decade, the number and sophistication of approaches have increased 

markedly, as the need for better techniques has become apparent (Trost et al., 2001). 

Approximately fifty different assessment techniques have been listed under six 

general categories of physical activity assessment tools (Kohl et al., 2000). These 

methods include subjective measures, such as self report, questionnaires and direct 

observation, and objective measures, such as heart rate monitoring, motion sensors 
(pedometers and accelerometers), indirect calorimetry and doubly-labelled water 

(Trost et al., 2000). 

Unfortunately there are limitations to the majority of assessment methods. Briefly, 

heart rate monitoring is problematic due to confounding factors that can cause 

elevation of the heart rate (Cooper, 2003); behavioural observation is labour intensive 

and complex due to the nature of children's activity (Kilanowski et al., 1999); and 

doubly-labelled water as a technique is very costly (Ott et al., 2000). Investigators 

have frequently used self report methods because of their low cost and ease of 

administration; however, children have difficulty recalling activity behaviour due to 

their limited cognitive capacity (Ellison et al., 1992; Epstein et al., 1996). 

An additional difficulty with the development of rigorous techniques for measuring 

physical activity is the lack of an ideal standard with which to validate the data, thus 

making it difficult to truly validate any given technique. Standard techniques that are 

available include measurement of specific energy costs of different activities in a 

laboratory setting by indirect calorimetry and measurement of free-living physical 

activity-related energy expenditure with double-labelled water. Various methods are 

available for assessing physical activity in children, including questionnaires, an 

accelerometer or pedometer, double-labelled water for assessment of free-living 

physical activity-related energy expenditure, and heart rate monitoring. Use of these 

techniques in children has been reviewed previously (Saris, 1986; Freedson, 1991; 

Montoye et al., 1996; Goran et al., 1998). More than 30 different methods of 

assessing physical activity or energy expenditure have been cited in published 

research papers. 
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The following section presents brief descriptions of the most commonly used methods 
for assessing physical activity or energy expenditure among children. However, each 

of these methods has advantages and limitations. 

Sirard and Pate, (2001) proposed a 3-level categorisation scheme for all existing 

measures: 

  Level 1: criterion measures (direct observation, doubly labelled water, and 
indirect calorimetry) 

  Level 2: secondary measures (heart rate monitors, pedometers, and 

accelerometers) 

  Level 3: subjective measures (self-report, interview, proxy report, and diaries). 

It is beyond the scope of this thesis to provide a detailed review of all physical activity 

measurement methods, and the review will therefore focus on those methods relevant 

to the present study. Table 2.2 presents a summary of the main strengths and 
limitations of the existing physical activity expenditure measurement methods based 

on several research studies that implement these measurement methods as it will be 

presented later on the chapter. 
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2.3.1 Criterion Measures 

I. Direct and indirect calorimetry 

Direct calorimetry involves measurement of body heat production directly. The 

individual has to be in an airtight, well-insulated chamber with an oxygen supply 

where s(he) can live and work for extended periods (McArdle et al., 1994). Direct 

calorimetry is very technically demanding and therefore is rarely used. It is the most 

accurate method for assessing energy expenditure via heat production; however, it 

cannot study energy expenditure in free-living conditions, and experiments using this 

procedure are now relatively uncommon. 

As an alternative, indirect calorimetry is more practical, less demanding in terms of 

resources needed and possesses comparable validity to direct calorimetry. This 

technique does not measure heat production directly, but relies on the direct 

relationship between oxygen consumption and heat produced (Powers and Howley, 

2001). Indirect calorimetry provides accurate minute-by-minute measurements of 

energy expenditure and is used to derive equations that reflect the output of measures. 

Doubly labelled water, direct calorimetry and indirect calorimetry methods are used 

as a golden standard for energy expenditure measurements. 

II. Doubly labelled water 

The doubly labelled water method is considered to be the most accurate method for 

assessing energy expenditure in free living subjects: The method uses the differential 

rate of disappearance of two stable (non-radioactive) isotopes (2H2 and 180) to give a 

measure of CO2 production (Montoye et al., 1996). The method is non-invasive and 

unobtrusive and when combined with resting metabolic rate measurements can be 

used to estimate free-living energy expenditure for extended periods. The reported 

accuracy of doubly labelled water is generally very high, varying from 3% to 5% 

(Schoeller and Taylor, 1987) and from 4% to 7% (Schoeller, 1988). There are no 

special considerations or limitations when the doubly labelled water method is applied 

to children (Goran et al., 1998). 
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However, there are a number of general limitations to this technique. The main 
limitation is the restricted supply, and hence high cost, of the 180 isotope. The 

technique is therefore impractical for medium scale research and prohibitive for large- 

scale epidemiological research. Moreover, the doubly labelled water method does not 

provide any information on qualitative aspects of physical activity (frequency, 

duration, intensity and mode). 

III. Direct observation 

Observation of children and the immediate recording of their activities have been used 

to study physical activity in both pre-school children (from 20 months) and 

schoolchildren (to 13 years old). Children can also be recorded with video cameras 

(Pate, 1993), and records viewed as many times as desired by any number of 

observers. Substantial observation time in the natural setting is needed to validate 

instruments and to obtain sufficient data to permit generalisation of results to other 

settings and populations (McKenzie, 1991). Generally, observed activities are coded 

and recorded at the end of the observation interval. In partial-interval observation, 

events are coded as they occur during the observation time period. 

Observation techniques are suitable for small sample sizes when information on 

specific types and duration of activity is the primary focus of concern. However, for 

large studies, multiple observers may be needed, and training is necessary to reduce 
inter-observer variability. Further, it is usually impossible to observe a child for the 

whole and these techniques are therefore most useful for assessing activities 

performed in a specific period or setting, for example, a physical education class. The 

disadvantage of these techniques is they are time consuming, labour intensive and 

interfere with spontaneous activity patterns. 

2.3.2 Secondary Measures 

L Heart rate monitoring 

Heart rate monitoring is an objective, but indirect, method of assessing physical 

activity since heart rate is strongly related to oxygen consumption and energy 
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expenditure across a wide range of values (Eston et al., 1998; Epstein et al., 2001). 

Heart rate monitoring has been validated with direct measures of energy expenditure, 

including oxygen consumption or doubly labelled water (Emons et al., 1992; 

Livingstone et al., 1992; Eston et al., 1998). A HRM comprises a chest strap 

containing electrodes and a wrist worn receiver, and is small and does not interfere 

with daily activities. They can be operated by radiotelemetry and can be interfaced 

with a computer. However, electrode contact can be a problem, causing loss of data, 

and heart rate traces often need individual editing because of electrical interference 

causing spuriously high or low data points. Heart rate monitoring can be implemented 

in large groups with multiple heart rate monitors, and heart rate monitors can collect 

heart rate in small intervals over long periods of observation, facilitating the 

measurement of accumulation of short bouts of physical activity throughout the day 

(Bailey et al., 1995; Epstein et al., 1999). 

Heart rate monitoring has been used extensively in children (Livingstone et al., 1992), 

and Epstein et al. (2001) reviewed 26 studies that used this method. The linearity that 

exists through most of the heart rate-energy expenditure relationship provides the 

opportunity to categorise intensity based on heart rate, though the precise relationship 

between heart rate and energy expenditure will differ as a function of aerobic fitness, 

gender, and age. Studies that use the relationship between heart rate and known 

energy expenditure to set cut-offs for moderate-intensity physical activity will be 

more valid than studies that use the same cut-offs for all children (Epstein et al., 

2001). 

There are a number of limitations to this method. The increase and decrease of heart 

rate is different from direct measurements of movement, because increases in heart 

rate lag behind movement and may remain elevated after movement stops (Epstein et 

al., 2001). In addition, since heart rate monitoring involves wearing an electrode belt 

around the chest, this may influence physical activity; children may not habituate as 

rapidly to wearing an electrode belt as to less intrusive methods, which may result in 

underestimate of the true amount of physical activity. 

19 



II. Pedometers 

Pedometers were among the first mechanical devices developed as motion sensors to 

count the number of steps taken using a lever arm, spring and gear assembly. Today, 

electronic pedometers are very small, belt-mounted devices that respond to vertical 

accelerations of the body to trigger a switch (Elton et al., 1998; Welk et al., 2000). 

The small and unobtrusive nature of pedometers suggests they may be valuable means 

of measuring physical activity in children. Eston et al. (1998), evaluated children's 

physical activity using a Digi-Walker, the most accurate of currently available 

instruments, and found a correlation of r=0.78 between pedometer steps and oxygen 

uptake during treadmill walking. The correlation between steps and both oxygen 

uptake (r = 0.92) and heart rate (r = 0.88) was high for unstructured, low-intensity 

play activities. However, pedometers do not provide any temporal information about 

activity patterns, as they do not store data over specified time intervals. 

III. Accelerometers 

From the tools currently available, accelerometers appear to be the most promising for 

evaluating children's physical activity (Leenders et al., 2000). Accelerometers are 

devices that detect and record acceleration of the body in one or several axes, and 

convert the magnitude and frequency of recorded accelerations to a quantifiable 

digital signal referred to as 'counts' (Sirard and Pate, 2001). Since vigorous activity 

produces greater accelerations than gentle activity, these instruments provide a 

measure of overall activity volume, including activity of different intensities (Cooper, 

2003). The sophistication of accelerometers and their direct application to physical 

activity has increased dramatically in the past decade and they are now recognised as 

valid and reliable devices for the assessment of children's physical activity (Puyau et 

al., 2002). 

The three main types of accelerometers are: single dimension accelerometers that 

provide only a total estimate of movement in one plane (Caltrac, Hemokinetics, WI); 

single dimension accelerometers that provide time-resolved estimates of movement in 

one plane (ActiGraph, Computer Science and Applications, Florida); and three 
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dimensional accelerometers that provide time-resolved estimates of movement in 

three planes (Tritrac, Fiemokinetics, WI). Leenders eet a!. (2000) found correlations of 

r=0.90 between CSA (uniaxial) and Tritrac (triaxial) accelerometers under free- 

living., conditions. This suggests these monitors provide the same information about 

physical activity. This is not surprising, as for most bodily movements, movements in 

non-vertical planes are almost always accompanied by movements in the vertical 

plane. It can therefore he concluded that uniaxial accelerometers are as effective as 

triaxial ones in quantifying physical activity (Welk and Corkin, I995). 

The most commonly used uni-axial accelerometer in recent years has been the 

ActiGraph 7 164 and the discussion will focus on this instrument. The Actigraph 7 164 

is manufactured by Computer Science and Applications. Inc (USA) and is known as 

the CSA, a term that will he used throughout this dissertation. The CSA is a small (51 

x8x 15mm; see Picture 2.1) uni-axial accelerometer that detects motion through 

movement of a piezo-electric bender element. The CSA is usually worn around the 

user's waist, positioned over the hip, but may also be worn on the wrist or ankle 

(Swartz et al., 2000). The instrument has no external controls and does not provide 

feedback to the wearer. An infrared interface attached to a personal computer 

initialises stores and downloads the data to it. The instrument samples movement ten 

times a second, and sums this data over a user-defined period of time, usually one 

minute, providing an output of movement counts. The movement counts can he stored 

in memory over a period of 22 days, producing a minute-by-minute chronological 

record of movement. A complete technical description of CSA model 7164 

accelerometer has been published elsewhere (Tryon and Williams, 1996). 

Picture 2.1 The Computer and Science Applications Inc accelerometer (CSA 7164) 
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Since young children tend to perform physical activity in short bursts rather than in 

prolonged bouts, the short sampling interval of accelerometers provides a means to 

capture this movement (Bailey et al., 1995). 

Validity and reliability of the CSA 

Validity is the extent to which a method measures what it is conceptually intended to 

measure (Baranowski and Simons-Morton, 1991); reliability is the consistency with 

which a test or an observer measures what is intended to be measured and the extent 

to which measurements are repeatable (Kohl et al., 2000). The CSA 7164 has been 

extensively validated in children. Assessed by indirect calorimetry, a high degree of 

inter-instrument reliability was established by Trost et al. (1998) from two CSA 

monitors worn on each hip (r = 0.87). High correlation coefficients have also been 

found between the CSA and indirect calorimetry in two other studies (r = 0.78, Eston 

et al., 1998; and r =. 0.85, Louie et al., 1999). Assessed against direct calorimetry, 

strong correlation coefficients (r = 0.66 at the hip and r=0.73 at the leg) (Puyau et 

al., 2002) have been recorded. Estimates of energy expenditure from the CSA show 

moderate correlation with those from the doubly labelled water technique (r = 0.61, 

Nilsson et al., 1999 and r=0.39, Ekelund et al., 2001). Other validation studies of the 

CSA in children have used direct observation (r = 0.87, Fairweather et al., 1999) and 

heart rate monitoring (r = 0.64, Ott et al., 2000; r=0.60, (Coe and Pirvanik, 2001)). 

These studies concluded that the CSA is a valid and reliable instrument for measuring 

children's physical activity (Trost et al., 1998). 

Further, Trost et al. (2000) demonstrated that for children aged 7- 10 years, between 

four and five days of monitoring are necessary to achieve reliability of 0.80, and 

between two and three days of monitoring are required to achieve reliability of 0.70. 

The CSA is thus able to provide a valid and reliable measure of physical activity. 

However, accelerometers are not able to measure all activities. They are unable to 

measure water-based activity, and do not reflect true activity levels when used for 

cycling. 
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2.3.3 Subjective Measures 

Subjective measurement methods include surveys, observation, activity diaries, 

questionnaires and interviews. 

I. Self-report questionnaires 

The questionnaire approach may be useful for large-scale epidemiologic studies; 
however, it presents many difficulties, particularly for use in children. Although many 
different types of questionnaire exist, very few (if any) have been designed 

specifically for children, and these have not been tested rigorously. Questionnaires 

designed for adults are normally not suitable for children, because children's activity 

patterns are so different. Moreover, it is difficult to ascertain at what age children 
become able to provide meaningful data via a questionnaire, because cognitive 

abilities differ greatly between individual children. A reading age of seven years is 

normally considered adequate for the majority of children over the age of ten, with 

children under the age of 12 years generally considered unable to recall activities 

accurately and to quantify the period of activity (Pate, 1993). Wallace and Mckenzie, 

(1985) reported 11 to 13 year old children able to recall only 46% of their activities 
during the previous seven days and 55% to 65% during the last 24 hours, when 

compared to observation data. Another difficulty is that sources and types of physical 

activities observed in children differ from those noted in adults (i. e. no occupational 

activity, different types and intensities of habitual activity) and it is difficult to 

translate qualitative information on physical activity (e. g. playing for 30 minutes) into 

quantitative data (i. e. kcal per exercise session) since there is very limited information 

available on the specific energy costs of different activities in children, making it 

difficult to translate activity information into energy expenditure. 

Where a child is considered too young to complete a questionnaire, a proxy report 

about a child's physical activity can be completed by a parent, teacher or other adult 

(Sallis, 1991; Pate, 1993). Proxy reports are normally used to assess the physical 

activity of children less than ten years of age, who would find a self-completion 

questionnaire difficult (Harro and Riddoch, 2000). The validity of proxy reports is 

limited because recall of the child's activity behaviour is difficult even for an adult 
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(Pate, 1993), especially when it concerns activities outside the home (Murphy et al., 

1988). A proxy report is also considered a useful method for ranking children into 

activity groups (Noland et al., 1990). 

II. Diaries 

The activity diary method of assessing physical activity consists of logging one's own 

activities periodically over a period of time. Diaries can be organised to follow, 

chronologically, the school day (Riddoch et al., 1998), and symbols can be used to 

represent different activities, thus easing the burden of keeping the diary. The use of 

activity diaries and activity logs is not, however, widespread among children and 

adolescents, probably because diaries require rigorous adherence to a daily reporting 

schedule, which may be difficult for children. In addition, they are limited by 

response rates and by the extent that participants follow the instructions given (Sallis 

and Saelens, 2000). 

2.4 Physical Activity Levels and Patterns of Children and 
Adolescents 

2.4.1. Overall physical activity levels 

A number of studies have investigated children's physical activity levels using self- 

report methods. A survey of British children conducted by Riddoch et al. (1990) 

found a significant number of children were minimally active, and recent surveys 

(British Heart Foundation, 2000; Gregory and Lowe, 2000) have confirmed this. 

Ekelund et al. (1997) assessed the physical activity of 127 14-15 year olds from 

Sweden using an activity diary. On average, boys and girls spent approximately 82 

and 67 minutes per day respectively, engaged in activity of moderate intensity. It was 

concluded from the study's findings that 15-30% of participants did not meet the 

primary UK guideline for children's physical activity. Hussey et al. (2001) used a 

questionnaire to investigate the amount of activity Dublin children aged 7-9 years 

engaged in. Only 39% of children participated in at least 20 minutes of hard exercise 

three or more times a week. Simons-Morton et al. (1990) combined self-report and 
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direct observation methods to study 812 8-10 year old American children and found 

an inadequate proportion of children engaged in sufficient physical activity. From 

these studies using various subjective measurement methods, it can be concluded that 

many children are not meeting the UK primary physical activity guidelines. 

Sleap and Warburton, (1996) observed 178 children aged between 5 and 11 years 

from five contrasting regions of England, from urban, suburban and rural areas, and 

from households with a variety of socio-economic backgrounds. Children were 

observed whilst at school and during free time outside of school. The average 

observation time for each child was 417.75 minutes. Observations were undertaken on 

one weekday evening and one 4-hour period at a weekend or during a school 

vacation. They found that children were engaged in MVPA for 29.3% of total time 

observed. MVPA was at it's highest during school break times but was less prominent 

during the longer home observation. Interestingly, children were found to be less 

active during physical education lessons than school break times. Both gender and age 

had an influential effect on the results. The study estimated that preadolescents' 

average engagement in MVPA was 117 minutes or 8% of a 24-hour day. 

In addition to the research using observation or self-report methods, a number of 

studies have been published using the objective methods of heart rate monitoring and 

accelerometry. Heart rate monitoring has been widely used to investigate children's 

activity (Gilliam et al., 1982; Armstrong et al., 1990; Spurr and Reina, 1990; 

Armstrong and Bray, 1991; Riddoch et al., 1991; Janz et al., 1992; Al-hazzaa and 

Sulaiman, 1993; Durant et al., 1993; Sallis et al., 1993a; Janz, 1994; Slooten et al., 

1994; Gilbey and Gilbey, 1995; Armstrong et al., 1996; Armstrong and Weisman, 

1997; Sallo and Silla, 1997; Weisman and Armstrong, 1998; Kelly, 2000; Calvert et 

al., 2001; Sleap and Tolfrey, 2001). Table 2.3 summarises main aspects of these 

studies. All of the studies were conducted in a school. Most authors imply in their 

conclusions that children do not perform sufficient activity to obtain significant health 

benefits. 

Studies that have employed the CSA accelerometer are detailed in Table 2.4. Similar 

to the aforementioned heart rate studies, all of the CSA studies were conducted in a 

school setting. Interestingly, in contrast to the heart rate studies, most CSA studies 
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have concluded that children perform sufficient activity to achieve health benefits as 

their activity level meets the primary UK physical activity guidelines. 
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2.4.2 Physical Activity in Relation to Gender 

The most evident biological correlate of physical activity behaviour is gender. 
Conflicting results have been reported in the literature regarding the influence of 

gender on physical activity (Gavarry et al., 2003). Most findings suggest that boys of 

all ages are more active than girls (Armstrong et al., 1990; Sallis, 1993a; Pate et al., 

1994; Riddoch and Boreham, 1995; Myers et al., 1996; Armstrong and Van 

Mechelen, 1998; Caspersen et al., 2000; Kelly, 2000; Sleap and Tolfrey, 2001; Mota 

et al., 2002; Pate et al., 2002; Vincent and Pangrazi, 2002; Santos et al., 2003). 

However, some heart rate monitoring studies have not found any gender influences on 

physical activity (Verchuur and Kemper, 1985; Riddoch et al., 1991; Janz et al., 1992; 

Gavarry et al., 1998), nor did a CSA study measuring the volume of children's activity 

(Rowlands et al., 2002). However, in the course of reviewing the literature, Ekelund 

et al. (2002) found no single study reporting girls as being more active than boys. 

Gender differences in physical activity may be seen in differences in activity intensity. 

Trost et al., (2002) reported differences in vigorous activity between boys and girls. 

For daily vigorous activity, the average gender gap was 45%, whereas for MVPA the 

gender gap was only 11 %. This finding is supported by other studies. Van Mechelen 

et al., (2000) evaluated the physical activity levels of 98 female and 83 male Dutch 

youths over a period of 15 years (from 13 to 27) using structured interviews. Girls in 

the 13-16 age group reported significantly greater (p<0.05) participation in moderate- 

intensity activities compared to boys whilst having lower total activity levels than 

boys (p<0.05). These differences are likely to arise because girls tend to engage more 

often than boys in less vigorous sports, such as ballet and dance, while boys have a 

preference for very vigorous team sports, such as football (Verschuur and Kemper, 

1985). Future research should investigate the mechanisms of the activity differences 

between boys and girls using objective and subjective measures. 
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2.4.3 Type of Day 

Type of day has been suggested as one of the many determinants of children's 

physical activity (Gavarry et al., 2003). Main types of day children experience can be 

categorised into school days and free days, and there is controversy over which type 

of day is more conducive to children's physical activity. Many studies have been 

conducted on school and free (weekend) days to compare children's activity levels 

between the two types of day (Armstrong et al., 1990; Armstrong and Bray, 1991; 

Gilbey and Gilbey, 1995; Huang and Malina, 1996; Sallo and Silla, 1997; Gavarry et 

al., 1998; Henry et al., 1999; Trost et al., 2000; Kelly, 2000; Calvert et al., 2001 

Metcalf et al., 2002; Gavarry et al., 2003), and these are summarised in Table 2.5. 

Armstrong et al. (1990) and Armstrong and Bray (1991) found that children were 

more active on school days than free days. During a survey of 195 British children 

aged 11-16 years, Armstrong et al. (1990) monitored physical activity using heart rate 

monitoring and reported physical activity to be greater on school days than on a 

Saturday. On school days, over 50% of girls and 30% of boys failed to sustain a single 

10-minute period with their heart rate at or above 140 bpm. On a Saturday, over 90% 

of girls and 75% of boys failed the same criterion. Similarly, Armstrong and Bray 

(1991) monitored 39 British children aged 10 years and found that physical activity of 

girls and boys was greater on school days than on a Saturday. On school days, most 

children had daily sessions of 5-minute periods when their heart rates exceeded 139 

bpm, but on Saturdays, only 50% did. 
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In contrast, Huang and Malina (1996) and Metcalf et al. (2002) observed children 

were more active on free days than on school days. Huang and Malina (1996) 

measured moderate to vigorous physical activity on a weekday and a weekend day of 
282 Taiwanese children aged 12-14 using a three-day activity record. They found that 

children were more active at weekends than on school days. Metcalf et al. (2002) 

analysed patterns of physical activity of 82 British children aged 5 years using a CSA 

activity monitor. Significantly, less physical activity occurred on school days than 

weekend days for both boys and girls. 

Some researchers have indicated that the relationship between children's activity 

levels and type of day depends on other factors (Gavarry et al., 1998; Henry et al., 

1999; Trost et al., 2000; Gavarry et al., 2003). Gavarry et al. (1998) monitored the 

heart rates of 87 French 11-16 year olds and found different results according to 

gender. For girls aged 11-13 years, physical activity was significantly higher during 

school days than weekends, while for boys of the same age, there was no difference. 

Henry et al. (1999) also found results differed according to gender. They used self- 

report activity diaries to determine the physical activity levels of 81 Oxford children 

aged 10-13 years. Three different types of day were analysed: a school day with a 

physical education lesson, a school day without a physical education lesson, and a 

weekend day. The lowest physical activity level was observed for girls on school days 

without physical education lessons. The lowest physical activity level was observed 

for boys at the weekend. Trost et al. (2000) objectively measured the physical activity 

of 381 American children of varying ages using a CSA monitor and found results 
differed according to both age and gender. Girls aged 6-9 years had greater moderate 

to vigorous physical activity scores on the weekend than school days; whereas girls 

aged 9-12 years exhibited a similar amount of moderate to vigorous physical activity 

on both weekdays and weekend days. Older girls (aged 12-18 years) had lower 

physical activity scores on weekends relative to weekdays. Younger boys (aged 6-12 

years) were more active during weekend days than school days, whereas boys aged 

15-18 years exhibited less activity at weekends. Boys aged 12-15 years reported 

similar amounts of moderate to vigorous physical activity at weekends and on school 

days. Gavarry et al. (2003) also found differing results according to age. They 

analysed the physical activity of 182 French children aged 6-20 years using heart rate 

monitoring. Primary school boys and girls were both more inactive during weekends 
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than during school days, however, no effect of type of day was observed for high 

school children. 

Gilbey and Gilbey (1995); Sallo and Silla (1997); Kelly (2000); and Calvert et al. 
(2001) found no difference between school days and weekend days. Gilbey and 

Gilbey (1995) looked at the physical activity patterns of 96 Singaporean children aged 

9-10 years using heart rate monitoring. No significant differences were detected 

between activity levels on weekdays and a Saturday, however, numerically, girls were 

more active on free days than school days, and boys were more active on school days 

than free days. Sallo and Silla, (1997) studied patterns of physical activity to assess 

moderate to vigorous physical activity of 54 Estonian children aged 4-8 years 

employing heart rate monitoring. No significant difference was found between 

weekdays and weekend days, although both boys and girls were numerically more 

active on school days. Kelly, (2000) used heart rate monitoring to investigate 

moderate physical activity in 40 9-10 year old American children. No differences 

were found between weekends and school days for both boys and girls. Similarly, 

Calvert et al. (2001) studied the physical activity of 60 children aged 10-13 years 

from New Zealand using heart rate monitoring. No differences were detected between 

activity levels on weekdays and weekends for both boys and girls. 

Comparisons between studies are difficult due to differing sociological, 

psychological, cultural and environmental factors likely to interact with children's 

physical activity. One factor is differences in schooling practice (Falgairette et al., 

1996; Gavarry et al., 2003). Huang and Malina (1996), for example, indicated that 

Taiwan's educational system does not facilitate physical activity during school days to 

the same extent as other countries, and children in Singapore attend school on a 

Saturday morning (Gilbey and Gilbey, 1995). 

In many studies, the duration of observation has been too short to obtain a reliable 

measurement of physical activity, for example, data to represent free days has often 

been collected on only one weekend day. Essentially, different aims, different 

measurement methods, different criteria and different strategies for reporting results 

have led to inconclusive findings as to whether the type of day influences children's 

physical activity levels. 
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2.5 Environmental Detarminants of Children's Physical Activity 

The present section aims to review studies that investigated the association between 

children's physical activity and environmental factors such as school and home access 

to fitness equipment, perceived physical environments, outdoor play spaces, and time 

spent outdoors among children and adolescents populations. 

Due to improvements in children's physical activity measurement methods, it is now 

possible to measure children's physical activity more accurately. Advancement in 

measurement methods has also made it possible to more accurately describe factors 

that influence children's physical activity. Determinants are defined as 'variables that 

have established reproducible associations or predictive relationships with the level of 

physical activity and exercise, but do not imply a cause and effect relationship' 

(Buckworth, 2000). Identifying and understanding determinants of children's physical 

activity are fundamental for the design and implementation of interventions to 

enhance children's physical activity levels (Freedson, 1992; Hoefer et al., 2001). 

The physical or built environment has come to the forefront of public health research 

in the past 5 years, leading to a surge of research on environmental factors and their 

association with physical activity behaviours. A number of reviews have examined 

links between the physical environment and adults' physical activity (Sallis et al., 

1998; Humpel et al., 2002; Saelens et al., 2003; Owen et al., 2004; Lee and Moudon, 

2004; Duncan et al., 2005). Much less emphasis has been placed on research specific 

to children. However, one cannot assume that associations between the physical 

environment and physical activity among adults are applicable to children. As 

highlighted by Krizek, Birnbaum and Levinson (Krizek et al., 2004), children in 

contrast to adults, spend large parts of their day at school, have considerable time for 

recreation, are more likely to accumulate physical activity through play, are not able 

to drive, and are subject to restrictions placed on them by adults. 

Sallis et al. (2000) reviewed all studies published on children and youth between 1970 

and 1998 where determinants were tested for their association with a measure of 

physical activity. Studies with a primary emphasis on sport participation were 
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excluded, which a weakness was given the importance of sport as a component of 

young people's physical activity. For example, Vilhjalmsson and Kristjansdottir 

(2003) have shown that for a nationally representative sample of Icelandic youth, 

membership in and withdrawal from sport programmes were significant factors in 

explaining differences in physical activity between genders. 

Recently, Davison and Lawson (2006) built on the work of Sallis et al. (2000) and 
McMillan (2005) by reviewing studies published between 1990 and 2006 examining 

the association between children's physical activity and environmental factors 

(perceived and objectively measured). In particular, Davison and Lawson (2006) 

provided specific information on sample characteristics and the design of each study, 

evaluated consistencies and inconsistencies in the literature, and identified gaps in the 

extant research and possible avenues for future research. In addition, they broadened 

the set of children's behaviours from their trip to school as outlined by McMillan to 

physical activity in general. In order to serve both the need for understanding the link 

between the physical environment and physical activity among young people and 

implementing next steps based on findings, they devised an organising schema 

identifying the parties responsible for specific elements in the built environment. 

Definition of the physical environment 

The physical environment is defined in Davison and Lawson's (2006) review of 

studies as the objective and perceived characteristics of the physical context in which 

children spend their time (e. g. home, neighbourhood, school) including aspects of 

urban design (e. g. presence and structure of sidewalks), traffic density and speed, 

distance to and design of venues for physical activity (e. g. playgrounds, parks and 

school yards), crime, safety, and weather conditions. 

Studies were not further considered in their review if they (a) did not measure or 

model environmental factors (perceived or objective) and physical activity 

behaviours, (b) were descriptive in nature (i. e. qualitative studies were not reviewed), 

(c) only used a composite score of the environment that combined a number of 

environmental factors, and (d) did not report findings for children separately from 

those for adults. A total of 33 articles were identified for inclusion in the review. 
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For each study, the following were recorded: (a) first author and year; (b) sample 

characteristics, such as sample size, gender, and ethnic/racial group of participants; (c) 

age of participants; (d) research design, including whether it was cross-sectional or 
longitudinal, and whether perceived and/or objective environmental factors were 

assessed; (e) the environmental variables that were examined; (f) the type of physical 

activity behaviour assessed and the assessment method; and (g) a summary of the 

significant associations that were identified. Table 2.6 details the characteristics and 

main findings of the studies reviewed by Davison and Lawson (2006). 
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2.5.1 School Characteristics 

Three out of three studies identified a negative association between distance to school 

and children's physical activity. Timperio et al. (2006) and Cohen et al. (2006) (girls 

only) found significant negative associations between an objective measure of 

distance to school and children and adolescents' objectively measured moderate to 

vigorous physical activity. Ewing et al. (2004) found that lower walk/cycle time to 

school, an indirect measure of distance, was associated with higher rates of active 

commuting to school. In contrast to studies assessing distance to school, Braza et al., 

(2004) and Ewing et al. (2004) found no association between school size, an indirect 

measure of whether or the school is located in a residential area and therefore close to 

homes, and rates of walking and cycling to school. With respect to characteristics 

within schools, Sallis et al. (2001) found middle-school aged children were more 

likely to be active during school recess periods when there was a larger number of 

activity-related equipment (e. g. balls) and permanent activity structures (e. g. 

basketball hoops) available; these effects were most notable in the presence of adult 

supervision. Similarly, Fein et al. (2004) found adolescents' reports of the availability 

of sport equipment, the functional ability of equipment, and access to athletic facilities 

at school were associated with higher self-reported physical activity. In contrast, Zask 

et al. (2001) found no association between the availability of playground equipment 

(with the exception of balls) and children's physical activity. Finally, in an 

intervention examining the effect of playground markings, such as hopscotch and 

court lines for basketball, on children's physical activity, Stratton and Mullan, (2005) 

found significant increases in moderate to vigorous physical activity and vigorous 

physical activity in intervention schools relative to control schools. 

In summary, three out of three studies found children living close to schools were 

more likely to actively commute to school and three out of four studies found children 

were more active during play periods when the characteristics of school play areas 

(e. g. access to equipment, permanent play structures, and marked courts) facilitated 

physical activity. No associations, however, were found between school size and 

children's physical activity. The lack of effects of school size reported by Braza et al. 

(2004) and Ewing et al. (2004) may be attributable to the use of aggregate data, or 

data collected at one level (e. g. a census track) then aggregated to a higher level (e. g. 
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county). As a result of the process of aggregation, any information pertaining to 

individual residences or specific locations is lost. 

2.5.2 Transport Infrastructure 

Two types of transport infrastructure were examined in studies including the 

provision of amenities (e. g., sidewalks, and crossings) and the presence of road 
hazards. Nine studies assessed associations between transport infrastructure and 

children's physical activity (Timperio et al., 2004; Braza et al., 2004; Ewing et al., 

2004; Boarnet et al., 2005; Jago et al., 2005; Carver et al., 2005; Mota et al., 2005; 

Timperio et al., 2006; Norman et al., 2006). All nine studies used a cross-sectional 

design. Two studies used an objective measure of physical activity and six used an 

objective measure of the environment. The remaining study relied on self-report 

instruments. Five of the nine studies were conducted in the US; the remaining ones 

were conducted in Australia and Portugal. 

Results generally supported a positive association between the presence and condition 

of sidewalks and children's physical activity, with three out of four studies identifying 

a significant positive effect. Ewing et al. (2004) found that the proportion of street 

miles with sidewalks was positively associated with children's rates of walking or 

cycling to school. In an evaluation of the implementation of a Safe Routes to School 

programme, Boarnet et al. (2005) indicated that children who passed areas in which 

sidewalks were installed were more likely to walk or cycle to school than children 

who did not pass such areas. In contrast, Mota et al. (2005) reported no association 

between the perceived presence of sidewalks on streets in the neighbourhood and 

adolescents' self-reported activity. In the only study that assessed the impact of 

sidewalk conditions, Jago and colleagues (2005) found that objectively assessed 

sidewalk characteristics, such as the distance from the sidewalk to the curb, average 

height of trees, and sidewalk material and type, were associated with higher 

objectively measured light intensity physical activity (e. g. slow walking) among 

children. Those studies that identified significant effects used objective measures of 

the environment and measured children's walking (or low intensity physical activity) 

as the outcome variable, which is the most likely component of physical activity to be 

influenced by sidewalk characteristics. In the only study that failed to identify a 
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significant effect, a self report measure of sidewalk availability was used along with a 

generalised measure of physical activity that may not have reflected subtle differences 

in physical activity that resulted from the presence of sidewalks. With respect to 

infrastructure for cycling, Jago et al. (2005) found no association between the ease of 

cycling (presence of bike lanes, attractiveness for cycling, number of road lanes) and 

objectively measured light intensity physical activity in a sample of boys. Similarly, 

Ewing et al. (2004) reported no association between the presence of bike lanes and 

children's walking/cycling to school. Further, Carver et al. (2005) found that the 

perceived ease of cycling was associated with lower (rather than higher) rates of 

cycling among boys. Spurious findings for the presence of bike lanes or ease of 

cycling may be explained by a number of factors, including the use of a measure of 

physical activity that cannot detect cycling (i. e., accelerometers) (Jago et al., 2005), 

low rates of bicycling to school in general (Ewing et al., 2004), and inflated type II 

error due to performing an extensive number of analyses (Carver et al., 2005). 

Two studies examined the association between the presence of controlled crossings 

(e. g. presence of lights, crossings, or crosswalks) and children's physical activity, and 

both identified significant positive effects. Timperio et al. (2004) found that parent' 

reports of a lack of traffic lights and controlled crossings were associated with lower 

rates of walking and cycling among boys, but not girls. In their evaluation of a Safe 

Routes to School programme, Boarnet et al. (2005) indicated that children who passed 

areas in which traffic control methods were installed were more likely to walk or 

cycle to school than children who did not pass such areas. Conflicting results were 

reported in studies assessing street connectivity, with only two out of four studies 

identifying a significant effect in the anticipated direction. Braza et al. (2004) found 

that an objective measure of street connectivity was associated with higher rates of 

walking or biking to school. Similarly, Norman et al. (2006) identified an association 

between higher intersection density (also assessed using an objective measure) and 

higher objectively measured moderate to-vigorous physical activity among girls but 

not boys. Mota et al. (2005), however, found no associations between perceived street 

connectivity and adolescents' self-reported activity. Further, in contrast to what might 

have been expected, Timperio et al. (2006) found that a more direct route to school 

(i. e. higher connectivity, which was assessed using objective methods), was 

associated with lower rates of walking and cycling to school among older children 
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(10-12 years); no links were found between connectivity and active commuting to 

school among younger children (5-6 years of age). 

Three out of four studies identified a significant positive association between access 

to destinations and children's physical activity. This consistent pattern was noted, 

although a variety of measures of access were used across studies, including the 

presence of destinations such as shops, access to public transportation, and retail floor 

area ratio (i. e. ratio of retail building square footage to parcel square footage). 

Timperio et al. (2004) found that parents' reports of a lack of public transportation 

were associated with lower rates of walking and cycling among girls but not boys. 

Mota et al. (2005) identified an association between the ability to walk to 

destinations, such as shops and transit stops, and higher physical activity among 

adolescents, while Norman et al. (2006) reported that a greater retail floor area ratio 
(reflecting greater retail space and access to shops) was associated with higher 

objectively measured moderate to vigorous physical activity among adolescent boys 

but not girls. In contrast to expectations, Carver et al. (2005) found adolescent girls' 

reports of greater access to convenience stores were associated with lower, rather than 

higher, rates of walking as a transportation mode. 

A variety of road hazards have been examined across studies, including the number of 

roads to cross, the presence of a road barrier, traffic speed and density, pedestrian and 

cyclist safety, and terrain. All three studies assessing road hazards found a negative 

association between such hazards and children's physical activity. Timperio et al. 
(2004) identified an association between the reports of parents of boys and girls that 

their children had to cross many roads to get to a play area and encountered high 

levels of traffic density in their local area (parents of boys only) and lower rates of 

walking and cycling among children. In a second study by Timperio et al. (2006), 

employing the same sample but using an objective assessment of the environment, the 

presence of a busy road barrier (e. g. a highway) en route to school (5-6 year olds and 

10-12 year olds) and the presence of a steep incline (5-6 year olds only) were 

associated with lower rates of active commuting to school. Similarly, Carver et al. 

(2005) found parents' reports of traffic impeding the ability to walk were associated 

with lower rates of walking or cycling among girls and boys, whereas parents' 

perception of roads in the area as being safe was associated with a higher frequency of 
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walking among girls (but not boys). All of these studies were conducted with urban 

Australian samples. 

2.5.3 Recreational Infrastructure 

Recreational infrastructure (play areas) for children can be classified as private 
(provided by their parents in and around the home), public (community areas or 

schools) or private-public (commercial play areas). School yards, playgrounds and 

open space parks are most often considered public recreational infrastructure. 

Private-public recreational infrastructure includes youth camps, commercial clubs, 

and other businesses providing places for children to participate in physical activity. 

Twenty-one studies that were reviewed had examined the relationship between 

recreational infrastructure and children's physical activity (Sallis et al., 1993b; 

Stucky-Ropp and DiLorenzo, 1993; Zakarian et al., 1994; Trost et al., 1997; Trost et 

al., 1999; Sallis et al., 2001; Zask et al., 2001; Sallis et al., 2002; Dunton et al., 2003; 

Adkins et al., 2004; Fein et al., 2004; Gomez et al., 2004; Timperio et al., 2004; 

Braza et al., 2004; Ewing et al., 2004; Brodersen et al., 2005; Carver et al., 2005; 

Stratton and Mullan, 2005; Hume et al., 2005; Mota et al., 2005; Timperio et al., 

2006). The overwhelming majority of studies used a cross-sectional design. One study 

used a 1-year longitudinal design and one used an intervention design. Five of the 21 

studies used an objective measure of physical activity, including accelerometer or 

heart rate monitoring, four used direct observation, 13 used a self-report measure, and 

one study used both objective and self-report measures. Seven studies used an 

objective measure of the environment (generally based on Geographic Information 

Systems), 12 used a self-report measure, and two studies used both methodologies. 

Finally, 12 of the studies were conducted in the US and the remaining ones were 

conducted in countries including Canada, England, Australia and Portugal. 

Sallis et al. (1993b) found no association between an objective assessment of 

equipment available in the home and observed levels of physical activity among pre- 

school children. Dunton et al. (2003) and Trost et al. (1997) found no association 

between adolescents' reports of equipment in the home and their self-reported 

physical activity. A second study by Trost et al. (1999) found no association between 

adolescents' reports of home equipment and their objectively measured physical 
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activity using accelerometers. In contrast, Fein and colleagues (2004) and Stucky- 

Ropp and DiLorenzo (1993) found that the number of pieces of exercise equipment in 

the home was positively and significantly associated with higher self-reported 

physical activity among adolescent girls and boys and young adolescent girls (but not 

boys). 

A significant positive association between the proximity of parks and playgrounds to 

the home and children's physical activity was identified in three out of five studies. In 

an exclusively Hispanic sample, Gomez et al. (2004) reported objectively measured 

distance to the nearest play area as being inversely associated with adolescent boys', 

but not girls', self-reported physical activity. Sallis et al. (1993b) found parents' 

reports of the number of play areas within walking distance of the home were 

positively associated with observed levels of physical activity among pre-school 

children. Further, Timperio et al. (2004) found children who reported a lack of parks 

or sport grounds near their home made fewer walking and cycling trips. In contrast to 

these studies, Sallis et al. (2002) and Adkins et al. (2004) reported no association 

between proximity of playgrounds and parks and children's objectively measured 

physical activity. 

Although a number of ethnic/racial groups were assessed across studies, no consistent 

ethnic/racial differences were identified. Differences in methods used to assess 

physical activity, however, were noted for studies that did and did not identify a 

significant association. Studies that found no association (Sallis et al., 1993a; 

Zakarian et al., 1994; Trost et al., 1997; Trost et al., 1999; Sallis et al., 2001; Sallis et 

al., 2002; Dunton et al., 2003; Adkins et al., 2004; Fein et al., 2004; Gomez et al., 

2004; Timperio et al., 2004; Brodersen et al., 2005; Carver et al., 2005) assessed 

physical activity using accelerometers, which provide an aggregate measure of 

physical activity across a number of days. In contrast, studies that found a significant 

association relied on self-reported or observed physical activity, both of which are 

prone to reporter/observer bias, but which can be tailored to provide a specific 

measure of physical activity (e. g. walking or cycling trips). 

In eight out of ten studies, a significant positive association was identified between 

the availability of recreation areas, or the presence of such areas in the vicinity of the 
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home, and children's physical activity. Among Australian samples, Timperio et al. 
(2004) found parent' reports of few sporting arenas in the area were linked with lower 

rates of walking and cycling among girls, and Carver et al. (2005) identified an 

association between parents' reports of the presence of good sporting facilities nearby 
for their children and higher self reported walking or cycling among adolescent girls 

and boys. In a study combining qualitative and quantitative methods, Hume et al. 
(2005) found that when children were instructed to draw pictures of their home and 

their neighbourhood, girls who drew more opportunities for physical activity, 
including recreational facilities such as gyms and swimming centres, had higher 

objectively measured physical activity. Among US samples, Zakarian et al. (1994) 

identified an association between a greater number of facilities for sport and exercise 
in the area (based on self report) and higher adolescent self reported vigorous activity, 

and Brodersen et al. (2005) found that the number of sport pitches in the borough, as 
determined by objective assessment, was associated with higher self-reported 

vigorous activity among girls but not boys. Similarly, Norman et al. (2006) reported 

objective measures of the number of recreational facilities and parks within a mile of 

the home were associated with higher objectively measured physical activity among 

adolescent girls, but not boys. Finally, Mota et al. (2005) and Fein et al. (2004), using 

samples from Portugal and Canada respectively, found that adolescent' reports of the 

availability of facilities, such as swimming pools, playgrounds and parks, were 

associated with higher self-reported physical activity. In contrast to the 

aforementioned studies, Dunton et al. (2003) reported no association between girls' 

reports of activity-related resources in the community and their self reported physical 

activity, and Sallis et al. (2002) found no association between access to facilities and 

children's objectively measured physical activity. 

2.5.4 Safety and Neighbourhood Environments 

Eighteen studies were identified that have assessed links between local conditions and 

children's physical activity (Tappe et al., 1989; Baranowski et al., 1993; Zakarian et 

al., 1994; Sallis et al., 1999; Gordon-Larsen et al., 2000; Sallis et al., 2002; Felton et 

al., 2002; Gomez et al., 2004; Timperio et al., 2004; Adkins et al., 2004; Braza et al., 

2004; Molnar et al., 2004; Sirard et al., 2005; Burdette and Whitaker, 2005; 

Brodersen et al., 2005; Carver et al., 2005; Mota et al., 2005; Jago et al., 2005). All 
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but one of the studies used a cross-sectional design. Four used an objective measure 

of physical activity (accelerometer), one used direct observation, and fifteen relied on 

a self-report measure of physical activity. With regard to measures of the 

environment, nine studies used a self-report measure, seven used an objective 

measure, and two used both methods. The vast majority of studies (13 of 18) were 

conducted in the US. 

Nine studies examined the association between perceived safety and children's 

physical activity. These studies overwhelming reported a null effect with seven 

(Zakarian et al., 1994; Sallis et al., 1999; Sallis et al., 2002; Adkins et al., 2004; 

Burdette and Whitaker, 2005; Mota et al., 2005) of the nine finding no association 

between perceived safety and children's physical activity. The lack of an association 

was not limited to a particular research design or sample population. Two exceptions 

to the pattern of null association were studies by Molnar et al. (2004) and Gomez et 

al. (2004). In the former, residents' reports of the safety of children's local play areas 

were positively associated with parents' reports of their children's participation in 

recreational physical activity. Gomez et al. (2004) noted that adolescents' reports of 

perceived neighbourhood safety were associated with higher self-reported outdoor 

physical activity for girls but not boys. The general lack of association between 

perceived safety and children's physical activity may reflect the fact that most of the 

studies measured general levels of physical activity, which may or may not be linked 

with neighbourhood safety, given that children can be active outside their 

neighbourhood. 

In contrast to perceived safety, three out of three studies identified a significant 

negative association between crime or area deprivation and children's physical 

activity. Gordon-Larsen et al. (2000) and Gomez et al. (2004) (girls only) noted 

significant inverse associations between objectively measured crime rates and 

adolescents' self reported physical activity. Similarly, Brodersen et al. (2005) 

reported area deprivation (i. e. rate of car ownership, housing tenure, unemployment 

and overcrowding in the district) was associated with lower self-reported physical 

activity among 11-12 year old girls but not boys. Finally, Carver et al. (2005) found 

the presence of roaming dogs was associated with lower rates of walking or cycling 

among adolescents. 
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A significant association between weather and children's physical activity was 
identified in two out of five studies. Baranowski et al. (1993) and Brodersen et al. 
(2005) found that pre-school children and 11-12-year-old boys, respectively, were less 

active during hotter months of the year. Brodersen et al. (2005) also found higher 

rainfall was associated with lower self-reported physical activity among girls but not 
boys. Although "unsuitable" weather was reported by adolescents as a perceived 
barrier to physical activity in the study by Tappe et al. (1989), such a perception was 

not associated with lower levels of self-reported physical activity. Similarly, Gordon- 

Larsen et al. (2000) found no relationship between the month of the year and 

adolescents' self-reported physical activity, indicating lack of a seasonality effect. 
Finally, Sirard et al. (2005) found no association between weather conditions and 

rates of walking and biking to school. 

Sallis et al. (2000) found access to facilities and programmes, as well as time spent 

outside, were consistently associated with greater physical activity. Physical 

environment variables are likely to increase in importance as our built environment, in 

particular, develops at a pace. This can have significant effects on children physical 

activity and can create what might be referred to as `activity toxic environments', in 

which personal transport is less likely to involve much energy expenditure (Haines et 

al., 2000). 

2.5.5 Active Commuting 

Widespread concern about rising levels of car use to transport children is coupled 

with observations that children are becoming less active and that levels of overweight 

and obesity are increasing. The National Travel Survey for England shows that the 

proportion of children under sixteen years of age travelling to school by car increased 

from 35% to 52% between 1985/86 and 1999/2001, and 36% of primary age children 

are now taken to school by car (Mackett et al., 2002). 

However, whilst both health and transport fields tend to link the increase in car use 

with the rise in obesity and decline in physical activity, these links have not been fully 

researched and confirmed. 
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Table 2.7 shows the forms of transport used by children for all trips, based on data 

from The National Travel Survey, which is a survey of randomly selected households 

in England (Mackett et al., 2002). It can be seen that walking declined from 47% of 

trips to 36% between 1985/6 and 1999/2001, and cycling halved. Travel by bus and 

coach declined significantly. A major shift to transportation by car is seen, an increase 

from 35% of trips to 52% over a period of about 15 years. 

Table 2.7 Percentage of trips by each form of travel by children aged less than 17 
verve- 

1985/86 1999/2001 
Walk 47% 36% 
Bicycle 4% 2% 
Bus and coach 11% 6% 
Car 35% 52% 
Other 3% 4% 
Total 100% 100% 
Source: Mackett et al., 2002. 

Tudor-Locke et al. (2002) analysed data from the Russian Longitudinal Monitoring 

Study (RLMS). More than 6,400 households from all regions of Russia were surveyed 

eight times between 1992 and 1998 to collect data on 1094 (572 boys, 522 girls) 

school aged (7-13 years) children's physical activity behaviour through parent-proxy. 

Parents were asked a series of questions about their children's physical activity, which 

focused on in-school physical education classes, out-of school physical activities, and 

active commuting to school. Tudor-Locke et al. (2002) then evaluated the analytical 

impact of omitting active commuting to school (classed as travel by foot or by bike) 

from the physical activity profiles of the children. Omitting active commuting from 

the children's total physical activity levels resulted in a statistically significant 

decrease in the number of children meeting activity guidelines and an increase in the 

prevalence of sedentary activity by 17-22%. 

It is important to note that Tudor-Locke et al. (2002) used three different physical 

activity guidelines in their analysis. The first states that all adolescents should take 

part in moderate-to-vigorous physical activity for 150 minutes per week (US 

Department of Health and Human Services, 2000), the second suggests adolescents 

should take part in 20 minutes of moderate-to-vigorous physical activity three times a 

week (Sallis and Patrick, 1994), and the third proposes that they carry out one hour of 
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at least moderate intensity physical activity per day (Biddle et al., 1998). Omitting 

active commuting from the children's total physical activity levels resulted in a 

statistically significant reduction in the number of children meeting all three 

guidelines, strengthening the argument that active commuting acts as an important 

source of physical activity. However, the use of proxy-report as a measure of physical 

activity limits the validity of this study. Parents do not always provide accurate 

assessments of their child's physical activity behaviour (Noland et al., 1990) and the 

perceptions of proxy respondents have been reported as introducing additional sources 

of error (Rajmil et al., 1999). 

As part of the Cuba Longitudinal Health and Nutrition Survey, self-reported measures 

of physical activity and data derived from objective monitoring of energy expended 

due to physical activity were collected from over 1500 Filipino youths aged 14-16 

years. When the data were analysed according to commuting mode to school, Tudor- 

Locke et al. (2003) found individuals who walked to school expended significantly 

more calories than individuals who travelled to school by motorised transport. Energy 

expenditure that appeared to be due to active commuting amounted to 44.2 kcal a day 

for males and 33.2 kcal a day for females, respectively. This finding suggests that 

individuals who travel to school by motorised transport may incur a potential weight 

gain of 2-3 lb. over the year. Since objective monitoring of physical activity 
behaviour was carried out for just 24 hours in this study, it is unlikely that this can 

explain the differences described between individuals who walked to school and those 

who were driven. In fact, the short monitoring period is more likely to have 

exaggerated the group standard deviation, decreasing the differences seen between 

groups (Tudor-Locke et al., 2003). 

Cooper et al. (2003) monitored the physical activity of 10-11 year old children from 

five primary schools in Bristol, England. All children wore a CSA accelerometer for 

seven days (five weekdays and two weekend days), that recorded the intensity of their 

activity on a minute-by-minute basis. It was found that children who walked to school 
between Bam and 9am were significantly more active than those who were driven to 

school. During the school day (9am to 3pm), there were no statistically significant 
differences in physical activity levels between children who walked to school and 

those who were driven. However, between 3pm and 8pm, boys who walked to school 
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were significantly more active than boys who were driven to school. There were no 

differences between the activity levels of girls who walked to school and girls who 

were driven during this after-school period. The aforementioned results suggest that 

active commuting to school might encourage boys to be more physically active after 

school and in the evening. A large sample size study is needed to confirm these 

results. 

Walking and cycling to school and to other destinations in a local neighbourhood 

have been shown to be associated with greater anatomic function (Sjolie, 2000), and 

as described above may be an important source of physical activity among children. 

Few studies have investigated the environmental factors associated with active 

commuting to school. An Australian study, of young people aged 5-6 years and 10-12 

years, examined associations between perceptions of the local neighbourhood and 

walking and cycling (Timperio et al., 2004). Parental perceptions of the environment 

were associated with children's walking or cycling to destinations in the local 

neighbourhood and perceptions of limited access to public transport and parks or 

sports grounds were associated with a lesser likelihood of walking or cycling among 

girls in particular. However, parental perceptions of issues regarding safe pedestrian 

and cycling conditions (e. g., the need to cross several roads to reach destinations and 

a lack of light or crossings) were negatively associated with 10 to 12 years children's 

walking or cycling to local destinations. These findings suggest that improving road 

and pedestrian features in neighbourhoods and perceptions of road safety may be 

important components of strategies for increasing children's physical activity. 

2.6 Conclusions 

Many studies have investigated children physical activity using a range of 

measurement techniques, but there are still many questions to be resolved. Children 

absolute level of activity, and when, where and how activity is accumulated is still a 

matter of debate. Accelerometry appears to be a valid and reliable technique with 

good potential to increase our understanding of children's physical activity. However, 

although this technique may tell us when differences in physical activity occur during 

the school day or as a result of gender or transportation differences, it cannot tell us 
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what the children are doing to generate these differences. Activity diaries are a 

method that may inform this area, but there is limited literature on the utility of 

activity diaries and no "gold standard" diary is available. Therefore their suitability 

among young people has yet to be determined. The first aim of this dissertation was 

to assess a novel activity diary for compliance and quality of completion to assess 

whether it was suitable for supplying accurate data when used in primary school aged 

children. In addition the diary was compared to an objective measure of activity (CSA 

accelerometer) in order to confirm the validity of the diary with regard to reporting of 

activity intensity. 

It is important to investigate the determinants of the children's physical activity 
behaviour in order to successfully design and implement interventions to increase 

their physical activity levels. The type of day may be an important determinant of 

their physical activity. School hours and after school hours have been identified as the 

main types of day children experience, and their conduciveness to children's physical 

activity has been discussed. Limited attention has been paid to differences between 

the sexes during school hours and out school hours as well as the contribution that 

school playgrounds can offer a good opportunity to enhance MVPA participation. 

Thus the second aim of this dissertation was to examine differences in overall 

physical activity based around the school day, and to examine the differences in 

activity between school hours and out of school hours. 

Active commuting to school is a potential source of daily physical activity and could 

provide health benefits. Studies have begun to document the contribution of active 

commuting to overall physical activity, but studies are also needed to identify 

environmental correlates of active transport to school. The third aim of this 

dissertation was thus to describe the association between mode of travel to school and 

overall physical activity, and to investigate how children's and parental perceptions of 

their neighbourhood (e. g. safety, facilities near the home) are associated with travel 

mode, and mode to travel to school, along with their perceptions of their parent's 

views. Associations between parent's perceptions of the local neighbourhood and 

active commuting among the children were also examined. 
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CHAPTER THREE 
RESEARCH METHODS 
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3.1 Overview 

This study was designed to describe the physical activity levels and patterns of 

primary school aged children. In particular the study investigated the associations 
between: 1. mode of travel to school and physical activity and 2. school environment 

and physical activity. To conduct this study, 9-11 year old children from seven 

primary schools in Bristol were invited to participate. 

3.2 Research Design 

The study was a cross-sectional survey using objective and subjective methods to 

measure physical activity. Physical activity was objectively measured using an 

accelerometer which was worn for a continuous period of seven days by all children 
in the study. A sub-sample of children also completed a self-report physical activity 
diary (PAD) for seven days, concurrently with the accelerometer measurement. 
Children also completed a computerised questionnaire investigating demographic, 

environmental and personal correlates of physical activity. Parents completed 

questionnaires to investigate their perceptions of their home and neighbourhood 

environments. Data were collected on three occasions (during school terms between 

March and July in three consecutive years). 

3.3 Sampling & Recruitment 

A convenience sample of seven primary schools in Bristol based on their primary 

responses of verbal acceptance to participate in the study providing a range of 

catchments areas. Four schools (school 1,2,3 and 7) were situated in the northern 

outskirts of Bristol city, in a large and new developing area. Most of the four schools 

were averaged sized primary schools which have roughly the same number of pupils 

(except school 2) and have new buildings with suitable equipments for all children 

activity. The other three schools (school 4,5 and 6) were pleasant in urban site of city 

of Bristol with of above average size schools. It draws pupils from a fairly wide area 

and a broad range of backgrounds, with a greater proportion now coming from an area 

of mainly rented and much priority housing. 
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Data were collected between March to July during the school terms in 2003,2004 and 
2005. Schools were initially contacted by phone by the researcher to invite them to 

take part in the study. The head-teachers of those schools who indicated an interest in 

taking part were sent an explanatory letter informing them in detail about the study 

and their school's involvement in it (Appendix 1.1). Permission was then sought from 

class teachers for information sheets and consent forms to be distributed to all pupils 
in their classes (Appendix 1.2). These were taken home by children to their parents 

asking their consent for their child to take part in the study. Only children whose 

parent/guardian provided written consent participated in the study. 

The United Bristol Healthcare Trust Research Ethics Committee granted ethical 

approval for the study under reference number E5102. All participants were explicitly 

told they were free to withdraw from the study at any stage, without having to state 

the reason. 

3.4 Participants 

A total of 478 students (Year 5 and 6) from seven schools were invited to take part in 

the study. The details of the recruitment and participation rates of children within 

these schools are shown in Table 3.1. Schools were approached sequentially as the 

study developed. Overall, two hundred and seventy-one children (56.7%) provided 

parental permission and were included in the study. All participants were provided 

with CSA monitors and completed the computerised questionnaire. A sub sample of 

one hundred and thirty-five children in six schools was requested to complete activity 

diaries for a period of seven days. One hundred and eighty-nine children were given 

parental physical activity questionnaires to complete by their parents at home. 
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Table 3.1: Numbers of participants for each year of data collection 
Overall Agree Disagree Number of children 

included 
First year 120 82 38 73 

(CSA & computer children (M = 32; F= 41) 
questionnaires) 

School 1' Class I (n = 21) 12 9 21 
Class 2 (n = 20 12 8 (M 9; F 12) 

School 7 Class 1 (n = 21) 12 9 22 
Class2 n=19 13 6 M=7; F=15 

School 3r1 Class I (n = 20) 18 2 30 
Class 2 (n = 19) 15 4 M= 16; F= 14 

Second year 266 135 131 101 
(CSA, PAD & parents and (M = 42; F= 59) 
children questionnaires) 

School I Class I (n = 25) 14 11 17 
Class 2 (n =2 16 9 M=7; F=10 

School 2 Class I (n = 30) 24 6 13 
M=5; F=8 

School 31: 1 Class I (n = 25) 16 9 24 
Class 2 (n = 22) 15 7 (M = 14; F= 10) 

School 4 Class I (n = 24) 17 7 22 
Class2 n=23) 16 7 M=7; F= 15 

School 5 Class 1 (n = 19) 3 16 6 
Class 2 (n = 19) 2 17 (M = 2; F= 4) 
Class 2n= 18) 1 17 

School 6 Class 1 (n = 25) 12 13 19 
Class 2 (n = 22) 10 12 (M = 7; F= 12) 

Third year 54 
(CSA & parents and children 92 54 38 (M = 16; F= 38) 

questionnaires) 
School 1' Class 1 (n = 25) 13 13 54 

Class 2 (n = 23) 13 10 (M = 16; F= 38) 
Class 3 (n = 23) 15 8 
Class4 n=21) 14 7 

Total 478 271 207 228 
(M = 90; F= 138) 

" school 1 involved during the three years data collection 
U school 3 involved during the first and second year of data collection, 

Data collection always commenced on the Monday of each week and was supervised 

by the researcher where the researcher visited each school at the beginning of the 

week to give a brief explanation to the children about the study. All procedures were 

explained in language appropriate for the age group, and children were encouraged to 

ask questions. The overall number of participants and numbers of children on the four 

measurement methods is summarised in Figure 3.1. 
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Figure 3 Summary of numbers of participants in each school and different 
measurements instruments 

School CSA Questionnaire PAD Parent's 

School l n=92 *I n=92 ºI n=10 
H n=71 

School2 n=13 n=13 n=12 n=13 

School3 111, n54 n=54 

]4 

n=22 n=24 

School4 n=22 

............... 

n=22 

14 

n=16 n=22 

Schools n=6 n=6 n 66 n=6 

School6 n=19 n=19 n=15 n=19 

School 7 n= 22 n= 22 - - 

3.5 Measurements 

3.5.1 Accelerometry 

The study used an accelerometer (Actigraph 7164; Computer Science and 

Applications Incorporated (CSA)) to provide an objective measurement of physical 

activity. The CSA is a uni-axial accelerometer. It is light (42.6 grams) and small 

(dimensions are 51x38x15 mm). It is powered by a coin cell lithium battery with a 

battery life of more than 4000 hours. Its circuitry is surrounded in a metal shield and 

packaged into a coloured plastic enclosure that is water-resistant. In this study, the 

CSA was worn on an elastic belt around the waist that fitted snugly against the child's 

body. The attachment to the belt is through two loops in the monitor casing. This 

monitor needs to be in an upright position to function properly, and must not rotate 

away from the vertical plane to ensure consistency and proper positioning on children 

(Westerterp, 1999). Placement at the hip has been the most frequently used site in 
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previous studies. The unit was wom under or over the child's clothes as determined 

by each individual. The CSA was set with an epoch of 1 minute; i. e. counts were 

summed over a one-minute period. Children were requested to wear the CSA during 

waking hours for one week, including five weekdays and two weekend days, only 

removing the monitor for water-based activities and bathing/showering. 

The monitors were cleared of any previous data and programmed to start collecting 
data at 05: 00 am on the first day of measurement. Children were fitted with CSA 

monitors during the first hour of the school day. Children were given verbal and 

written instructions (Appendix 2.1) as follows: 

" To wear the monitors every day. 

" To put them on first thing in the morning and take them off last thing at night. 

" Not to immerse the monitors in water. 

" To wear the monitors around their waist above their left hip 

Activity monitors were collected during the researcher's second visit to each school, 

one week later and data were downloaded to a personal computer using the optical 

Reader Interface Unit. 

3.5.2 Children's and Parents' Questionnaires 

The children's questionnaire that was used in this study was derived from the 

Personal and Environmental Association with Children's Health (PEACH) 

computerised questionnaire (Page et al., 1999). The scales included in the children's 

questionnaire have all been shown to be important determinants (demographic, 

environmental and personal) of physical activity in young people (Sallis, 1993b). 

Environmental influences included social support from family and friends for physical 

activity, safety, and access. Personal measures include enjoyment, competence and 

beliefs related to physical activity. Other behavioural indices included, time spent 

watching television/videos and playing computer games, travel behaviour, and 

readiness to change physical activity (stages of change) (Prochaska and DiClimente, 

1983). The majority of items used in the questionnaire were initially drawn from 
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previous large-scale surveys, including The Child and Adolescent Trial for 

Cardiovascular Health (CATCH) study (Edmundson et al., 1996) and the Health 

Behaviours in School-Aged Children, WHO Cross-National Study (University of 

Bergren, 1994). However, based on participant feedback (focus groups), questions 

were substantially modified. For example, dichotomous yes/no responses were 

replaced, where age appropriate, with 3 to 5 point Likert Scales. Eight items were 

used to assess children's perceptions of their home environment. Children were asked 

to indicate how much they agreed or disagreed with statements about accessibility, 

safety and licence to play out in the local neighbourhood (Appendix 3.1). In addition 

to the PEACH items, further statements were used to identify likes and dislikes about 

walking to school. Eight items were used to assess where children frequently went 

after school. 

A questionnaire was also used to investigate parental perceptions about the local 

neighbourhood that influence children are walking to school (Appendix 3.2). Items 

were initially adopted from The National Travel Survey (2002). The questions 

included items about common reasons for their child not walking to school and were 

rated on a 5-point Likert scale from 1 (strongly agree) to 5 (strongly disagree). 

During measurement week three visits were made to each school. Each visit involved 

children completing the computerised questionnaire. Children were excused from 

lessons to complete the questionnaire in groups of 3 or 4. Children took 25 to 30 

minutes to complete the questionnaire. The researcher was available in the room to 

attend to any problems and observe general difficulties. Children were left to 

complete the programme on their own unless they requested help. Prompting of 

answers was discouraged, and the child was not overlooked whilst completing 

responses. 

In year one, all the participating children completed computer questionnaires. Due to 

a large number of students in some schools and difficulties in completing computer 

questionnaires in one week in other schools, paper questionnaires for children were 

used during the second and third year (Appendix 3.1). Parents' questionnaires were 

given to the children to take home for completion by parents (Appendix 3.2). 
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3.5.3 The Physical Activity Diary (PAD) 

The physical activity diary (PAD) was designed and developed in the Department of 

Exercise and Health Sciences, University of Bristol (Page et al., 2000). The diary was 

designed to record the mode, frequency, duration and intensity of children's daily 

physical activities during their free time. Diaries were divided into 26 periods, 

comprising four periods for each of the 5 school days (20 in total) and three periods 
for each of the two weekend days (6 in total) so that the participants can describe what 

they do during their free time: 

On school days: 

" From waking up until before school 

" At morning break 

" At lunch break 

" After school until bedtime. 

On weekends: 

" From waking up until lunch 

" From lunch until dinner 

" From dinner until bedtime. 

On school days, diaries were not completed during lesson times; P. E. lessons were 

recorded on the final page of the diary. The child could choose a free time activity 

from an extensive prompts list in front of the diary. They then noted their start and 

finish time for the activity and assessed their level of activity by choosing one of four 

categories: 

1. Not moving much (sitting/lying down) 

2. Moving around a bit (standing/walking around) 

3. Moving around a lot (a bit out of breath) 

4. Really rushing around (really out of breath) 

An example diary page can be seen in (Appendix 4.1). The coding procedure resulted 

in 66 groups of activities (Appendix 4.3). Coded data from physical activity diaries 
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was manually entered into SPSS spreadsheets using appropriate templates for school 

and non-school days. 

Children were asked to complete activity diaries to describe all the activities they 

performed throughout the seven-day period they wore the accelerometer. Physical 

activity diaries were collected one week after they had been distributed. 

3.5.4 Anthropometric Measures 

Height was measured to the nearest 0.1 cm using the Leicester height meter. Body 

weight was measured to the nearest 0.1 kg using Seca optima 761 scales. Body Mass 

Index (BMI), calculated using the formula weight (kg)/height (m)2, was used as a 

proxy for body fatness. BMI was interpreted in relation to British age-and gender- 

specific growth reference data (Cole et al., 1995), by means of software obtained from 

the Child Growth Foundation. Children were defined as average weight (BMI 15`h - 
84.99`h percentile), overweight (BMI 85`h -94 . 99th percentile), or obese (BMI >- 95`h 

percentile). British reference data were adopted for this study to define weight status, 

instead of the more recent international definitions for obesity (Cole et al., 2000). 

3.6 Data Reduction 

3.6.1 Accelerometers 

At the end of the measurement period, data were downloaded to a personal computer 

using the CSA Reader Interface Unit (RIU) model 40 (Computer Science and 

Application Inc., Shalimar, Florida). Data were analysed using programmes written 

by the Department of Exercise and Health Sciences at The University of Bristol. A 

programme to compute total CSA counts per hour (cph) and counts per minute (cpm) 

of moderate to vigorous physical activity (MVPA) per hour was used as follows: One- 

minute epochs used to record activity were summed for each hour of measurement to 

give the hourly total CSA counts. The number of cells in each row that had ? 1017 

CSA counts was also counted. The value of 1017 counts is a cut-off point derived by 

Trost et al. (2001) for 10 year old children that equates to 3 METs, equivalent to 
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moderate intense activity. Therefore, by counting the number of cells >_ 1017, the 

number of minutes of MVPA in that hour was calculated. 

For each day, the total number of counts, total number of minutes of MVPA, and 

number of hours where the count exceeded 0 were calculated. A day was defined as 

the period between 06: 00 and 22: 00, and data outside this period were discarded. Data 

were studied to approximate when children got up and went to bed. Since children 

were asked not to wear the monitor during the night, disregarding data from 23: 00 till 

06: 00 provided an accurate representation of the children's waking hours and 

prevented data distortion from monitors accidentally worn overnight. The total hourly 

counts for each day were divided by the number of registered hours of recording for 

each day to give a value of mean counts per registered hour. This was also done to 

establish the mean minutes of MVPA per registered hour for each day. Table 3.2 is an 

extract from the spreadsheet, which was used to perform these calculations. 

School and holiday days were identified by matching the days of the week with dates 

of school and holiday days for each school. School and holiday days were then 

separated onto two different spreadsheets. 
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Table 3.2: An extract from the spreadsheet used to calculate the mean cph, mean 
minutes of MVPA per registered hour, and the number of registered hours for each 
dav. 

Mean counts/hour Mean minutes of MVPA/hour 
1 A B C 
2 Time ID 1 ID I 
3 06: 00 0 0 
4 07: 00 0 0 
5 08: 00 8704 4 
6 09: 00 6237 2 
7 10: 00 43144 13 
8 11: 00 5017 0 
9 12: 00 65241 17 

10 13: 00 54248 22 
11 14: 00 17655 1 
12 15: 00 34459 9 
13 16: 00 20847 6 

Ti 17: 00 17471 3 
15 18: 00 33839 11 
16 19: 00 37812 10 
17 20: 00 2746 1 
18 21: 00 8 0 
19 22: 00 0 0 
20 =sum(B3: B19) 

347428 
(total hourly counts/day) 

=sum(C3: C19) 
99 

(total minutes of MVPA/day) 
21 =countif(B3: B19, ">O") 

14 
(number of registered hours) 

=B21 
14 

(number of registered hours) 
22 =B20/B21 

24816.29 
(mean counts per registered hour) 

=C20/C21 
7.071429 

(mean minutes of MVPA per 
registered hour) 

The summary variables (mean cph, mean minutes of MVPA per registered hour, and 

number of registered hours) were then transferred into SPSS for analysis. The mean 

cph for each day were totalled and divided by the number of days recorded to give the 

mean number of cph for school and holiday days. This calculation was also performed 
for mean minutes of MVPA per registered hour. 

To provide a representative picture of children's activity, a minimal compliance 

criterion was then established. Recording amounting to at least ten hours per day, and 

at least two weekdays and one weekend day was required for participants' data to be 

included in the analysis. This criterion was chosen as Trost et al. (2000) had 
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commented that for children (grades 1 to 6), between two and three days of 

monitoring are required to achieve a reliability of 0.70. For each day of recording, 

participants with <10 hours of measurements had their data for that day recorded as 
"missing". Participants not meeting the compliance criterion for total number of days 

of recording were then excluded from the final analysis. 

3.6.2 Questionnaire 

All answers from the computerised version of the questionnaire were automatically 

stored in a Microsoft Excel file when the child had completed the final question, and 

then transferred to the SPSS. Data derived from children's and parents' paper 

questionnaires were manually entered into SPSS. All responses to questions relating 

to descriptive measures (e. g. date of birth, gender, height and weight) were entered as 

they were recorded. 

3.6.3 Physical Activity Diary 

Data from the PAD was manually entered into SPSS. For each activity the start time, 

activity mode (using 66 codes for different activity, Section 3.6.3), finish time and 

intensity rating were recorded. Time spent on each activity was extracted as an 

absolute value (minutes) and as a relative value (time percentage covered by each 

activity mode in relation to the total time filled in). A relative index was essential to 

adjust for the large inter-individual variation in the length of time filled in. Key day 

periods (periods when participants were more likely to have the choice to be active, 

i. e. after school) were then scrutinised to give insights into the activity/ in-activity 

modes during these times. 

The following sixteen activity modes were examined: 

" Activity 1: Eating and drinking 

" Activity 2: Watching TV and using computer 

" Activity 3: Reading, doing homework, etc. 

" Activity 4: Watch someone playing 

" Activity 5: Playing football, rugby, tennis, etc. 
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" Activity 6: Swimming 

" Activity 7: General playing 

" Activity 8: Going to a party or a disco 

" Activity 9: Going to a club or scouts 

" Activity 10: Shopping, walking the dog or buying something 

" Activity 11: Doing housework, etc. 

" Activity 12: Having a bath, changing etc. 

" Activity 13: Walking 

" Activity 14: Going in a car 

" Activity 15: Riding a bike 

" Activity 16: Any other activities 

For each individual, the number of minutes spent in each of the 16 activities was 

calculated for each weekday. This data was then used to calculate the percentage of 

time spent in each category of activity on each weekday, by each child. These figures 

were then used to calculate the mean percentage of time spent in each category of 

activity over the five days by each child. Finally, these figures were used to calculate 

the group mean percentage of each period of time spent in each of the 16 categories of 

activity over school days and the weekend. 

After School Diary Entries 

As some of the after school diary entries were not fully completed, a number of rules 

were used to determine whether an entry (or period) was suitable for inclusion in the 

analysis: 

1. There are a total of 390 minutes between 3: 30 - 10: 00 p. m. If a child had 

completed a diary entry in full but had gone to bed before 10 p. m. and had 

recorded less than 390 minutes of activity, the diary entry was still included in 

the analysis as long as at least 180 minutes of activity had been recorded. 

2. If periods of time were missing from a diary entry but at least 180 minutes of 

data had been recorded between 3: 30 - 10: 00 p. m., the entry was included in 
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the analysis. If less than 180 minutes of activity had been recorded due to 

missing data, then this entry (or period) was excluded from the analysis. 

3. If the activity had been recorded but the corresponding intensity reading was 

missing, the minutes spent carrying out this activity were excluded. If this 

resulted in a diary entry having less than 180 minutes of recorded activity 
between 3: 30 - 10: 00 p. m. then this entry (or period) was excluded from 

analysis. 

4. If the above rules resulted in more than three of the five diary entries being 

excluded from analysis, then all of the data for the child concerned was 

excluded (i. e. their physical activity diary was not used in the analysis). 

3.7 Analysis 

All analyses were carried out using the Statistical Package for Social Science (SPSS) 

version 11 software. Demographic and descriptive statistics were used to characterise 

the children that participated in the study and to determine whether data relating to 

key independent variables was normally distributed. The values used for analysis 

purposes were mean physical activity counts for weekday and weekend. Independent 

sample t-tests and one-way analysis of variance with Bonferroni post hoc correction 

were used to test for differences between group means. Mann-Whitney U tests were 

carried out to assess whether there was a difference in children's perceptions of their 

home environment between children who were driven to school and those who 

walked. 
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CHAPTER FOUR 
EVALUATION AND VALIDITY OF 

PHYSICAL ACTIVITY DIARIES 
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4.1 Introduction 

The Physical Activity Diary (PAD) (Page et al., 2000) is a relatively new 

measurement tool and its use with children has not been vigorously evaluated. The 

main difference between the PAD and other published activity diaries aimed at young 

people (e. g. Bouchard et al., 1983; Bratteby et al., 1997) is that it uses a relatively 

"open" format (open time frame and open activity description) to elicit information. 

Although it can be argued that this is an advantage, its open format increases the 

literacy and cognitive skills required for completion of the PAD. This study 

investigated whether the diary is a useful instrument for the investigation of children's 

activity on the basis of compliance with filling in the PAD, and in those who 

completed the diary whether the diary can provide a valid measure of physical 

activity. 

4.2 Research Questions 

9 How successful are 9-11 year old children at completing the self-report 

physical activity diary for one week? 

" Can the diaries provide a valid measure of physical activity during weekdays 

and the weekend when compared to an objective measure? 

4.3 Method 

4.3.1 Participants and Procedures 

A total of 134 participants recruited from six schools were asked to complete a 

physical activity diary and wear an accelerometer for seven days. One school from the 

total sample was excluded as the children were not given the PAD to complete. To 

match the times of reported activities in the diary with the accelerometer, the 

participant's watch was synchronized with the accelerometer. One hundred and 

fourteen children (85.1%) returned their diaries. Thirty-four diaries were excluded 

because they contained no data. Data was elicited from the remaining eighty children 

(70.2%) who wore the accelerometer for at least ten hours each day for at least two 
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weekdays and one weekend day. These remaining children (n = 80) will continue 

throughout data analysis. The research procedures have been described in full in 

Chapter 3. 

4.3.2 Compliance with diary completion 

The diary allows for a maximum of 26 periods of recording (4 each week day, 3 each 

weekend day). To estimate the duration of completion of each diary the start and 

finish time that each participant recorded for each period was noted for every diary. 

From this it was possible to calculate the duration for each period in hours and 

minutes and thus the total period of recording for each diary. The criteria used for this 

procedure are described in chapter 3. To assess quality of completion, each period 

was assessed to see if it was blank or had been completed either wholly or partially. A 

PAD day was marked as registered if it had at least one activity completed. This 

decision should be viewed as a compromise as it was made upon the fact that the PAD 

is a new instrument and there is therefore no information as to what constitutes 

adequate daily compliance. A criterion similar to that used for the accelerometer (10 

hours a day) was not selected because of the inherent differences between the two 

instruments (objective vs subjective, no "active" effort to comply vs. "active" effort, 

no skills required vs. demanding literacy skills). For example, 10 hours of total PAD 

time filled in may not provide better quality activity data than 4, or any other amount 

of hours of detailed completion. Thus, this decision was taken to avoid the exclusion 

of PADs that may have been filled in for less time but provided detailed, activity 

accounts. Each completed period was then examined for a variety of criteria, and 

marked on a scale 1 to 6. 

The criteria on which a perfect diary was assessed were as follows: 

" Intensity recorded for EVERY activity listed 

" All times accounted for from start to finish of each period (open ended). 

" All entries clear and easy to read (visually). 

" All entries completed by participant, not an adult (visually). 

" All entries give good depth of detail for mode of activity. 

"A general impression of effort for overall completion. 
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Each diary was graded as follows: 

1= Perfect diary - all criteria met to exact specification 

2= Very good diary - most criteria met to a high standard 
3= Good diary - most criteria met to a good standard 

4= Average diary - lack of some criteria but useable 

5= Poor diary - minimum criteria met, of no scientific use 

6= Unusable - no criteria met, of no scientific use 

Each diary was initially viewed as being perfect and as each one was examined the 

more criteria that were not met the lower the grading it was awarded. 

4.3.3 Validation of intensity rating 

In order to use the diary to provide an estimate of moderate intensity physical activity, 

it was important to determine whether the children were able to appropriately ascribe 

the categories to activities of different intensity. Activity intensity was measured by 

the accelerometer, and to validate the self report measure, the accelerometer counts 

which matched temporally activities of particular reported intensities were compared. 

Since short-lasting activities would be unlikely to be accurately matched, only 

activities that were reported to be longer than 10 minutes were considered. 

Accelerometer counts per minute corresponding to each of the four PAD intensity 

ratings (excluding zero values) were summed for all participants and the mean 

computed by dividing by the number of measurements for both weekdays and 

weekend days. All analytical procedures described below were applied to the whole 

group and to boys and girls separately. 

4.3.4 Data Analysis 

Demographics and descriptive statistics of all groups were computed. The total time 

reported for each period of the day was calculated using SPSS. Independent-samples 

t-tests were used to investigate whether there was a gender difference in the number 

of periods of the diary completed. The mean accelerometer cpm were plotted against 

the four intensity ratings for the whole group for the whole week of recording to 
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provide a representative picture of the association between self-reported and objective 

physical activity measurements. Pearson correlation was used to investigate the 

association between minutes of MVPA recorded by the PAD and the CSA. 

4.4 Results 

A total of eighty children, 30 boys (37.5 %) and 50 girls (62.5 %) with a mean age 

(10.06 ± 0.3) years comprised the final sample. Characteristics of the study 

participants are shown in Table 4.1. 

Table 4.1: Characteristics of the study participants (mean ± SD) 
Boys 

(n = 30 
Girls 
n= 50 

Mean ± SD Mean t SD 
Age (years) 10.1 ± 0.4 10 ± 0.3 
Height (M) 1.4 f 0.06 1.4 t 0.06 
Weight (Kg) 35.7 t 6.3 37.1 t 7.8 
BMI (kg/mz) 17.8 ± 2.6 18.6 t 3.07 

4.4.1 Duration of completion 

Table 4.2 shows the mean hours recorded in each diary period over five weekdays and 

two weekend days. 
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Table 4.2 Amount of time reported for weekdays and weekend (mean hours ± SD) 
Boys (n = 30) Girls (n = 50) 

Weekdays Days No of % of Mean ± SD No of % of Mean ± SD 
children children children children 

Mon 28 93.3 5: 43 ± 2.27 44 88 4: 59 ± 2: 55 
Tues 29 96.6 6: 18 t 2.39 45 90 5: 27 t 2: 56 
Wed 30 100 6: 30 t 1.59 48 96 5: 50 t 2: 33 
Thur 30 100 6: 32 ± 2.34 45 90 5: 49 ± 3: 06 
Fri 27 90 6: 52 ± 3.06 45 90 5: 57 ± 3: 18 

Before school Mon* 
Tues 29 96.6 1: 10 ± 0.37 45 90 1: 04 ± 0: 37 
Wed 29 96.6 1: 06 ± 0.41 39 78 0: 53 ± 0: 41 
Thur 30 100 1: 05 ± 0.42 43 86 1: 06 ± 0: 42 
Fri 26 86.6 1: 00 ±0.40 42 84 0: 56 ± 0: 40 

Morning break Mon 21 70 0: 12 ± 0.09 29 58 0: 10 ± 0: 14 
Tues 26 86.6 0: 15 ± 0.12 40 80 0: 15 ± 0: 09 
Wed 23 76.6 0: 14 ±0.09 39 78 0: 15 t 0: 14 
Thur 26 86.6 0: 16 ± 0.08 40 80 0: 15 ± 0: 11 
Fri 24 80 0: 15 t 0.09 39 78 0: 14 ±0: 11 

Lunch break Mon 20 66.6 0: 36 ± 0.28 36 72 0: 42 ± 0.30 
Tues 27 90 0: 49 t 0.26 40 80 0: 48 t 0.31 
Wed 25 83.3 0: 49 ± 0.28 40 80 0: 47 ± 0.29 
Thur 26. 86.6 0: 52 ± 0.24 42 84 0: 51 ± 0.25 
Fri 25 83.3 0: 47 ± 0.23 41 82 0: 49 t 0.26 

After school Mon 27 -90 4: 15 ± 1.57 40 80 3: 29 ± 2.09 
Tues 27 90 4: 15 t 2.09 39 78 3: 18 t 2.10 
Wed 29 96.6 4: 20 t 1.43 43 86 3: 54 t 1.59 
Thur 27 90 4: 17 ± 2.02 40 80 3: 35 ± 2.16 
Fri 27 90 4: 49 ± 2.21 41 82 3: 57 ± 2.26 

Weekend Sat 27 90 7: 57 t 4.54 39 78 8: 04 t 5.14 
Sun 22 73.3 7: 57 t 5.28 35 70 6: 31 ± 5.21 

Morning Sat 23 76.6 3: 38 t 3.14 39 78 3: 32 t 2.48 
Sun 20 66.6 3: 02 ± 2.36 35 70 2: 54 ± 2.33 

Afternoon Sat 21 70 3: 09 ± 2.47 33 66 2: 54 ± 2.31 
Sun 19 63.3 2: 50 t 2.32 31 62 2: 34 t 2.18 

Evening Sat 16 53.3 1: 09 ± 1.22 32 64 1: 37 ± 1.42 
Sun 19 63.3 1: 14 t 1.16 27 54 1: 02 t 1.18 

* The PAD had not been distributed at this time. 

Boys reported longer duration for all periods compared to girls throughout the week. 

In general, boys and girls reported a similar amount of time spent in activities during 

morning break and lunch break periods throughout the week. For the after school 

period, boys consistently reported a larger amount of time spent in activities than 

girls. At the weekend both boys and girls reported a similar amount of time spent in 

activity on Saturday (7 hours: 57minutes and 8 hours: 04 minutes, respectively). On 

Sunday, boys reported the same amount whereas girls' amount of time dropped to 6 

hours: 31 minutes. 
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4.4.2 Periods Completed 

Each page of the diary was examined to see whether it contained at least one entry or 

not. Table 4.3 and Table 4.4 show how many periods each child attempted to 

complete during weekdays and weekend days and how many periods they did not 

complete 

Table 4.3 Periods of the diary containing at least one entry comnleted by boys 

ID 
Periods completed 
during weekdays 

Periods completed 
during weekend 

Periods 
completed 

Missing 
periods 

1 11110062 12 0 12 14 
2 11110069 11 4 15 11 
3 11110073 20 6 26 0 
4 11110077 20 6 26 0 
5 11110089 17 1 18 8 

11110094 17 6 23 3 
7 11110106 20 6 26 0 
8 11110113 20 6 26 0 
9 11110118 20 6 26 0 
10 11110123 19 5 24 2 
11 11110160 14 6 20 6 
12 11110161 16 6 22 4 
13 11110181 18 2 20 6 
14 11110184 17 4 21 5 
15 11110085 15 2 17 9 
16 11110093 19 5 24 2 
17 11110097 14 1 15 11 
18 11110107 20 2 22 4 
19 11110108 20 6 26 0 
20 11110117 19 4 23 3 
21 11110125 20 6 26 0 
22 11110126 15 2 17 9 
23 11110127 20 4 24 2 
24 11110128 17 5 22 4 
25 11110133 20 6 26 0 
26 11110170 11 4 15 11 
27 11110176 12 0 12 14 
28 11110180 17 1 18 8 
29 11110187 20 6 26 0 
30 11110190 12 0 12 14 
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Table 4.4 Periods of the diary containing at least one entry comnleted by s'irls 

ID 
Periods completed 
during weekdays 

Periods completed 
during weekend 

Periods 
completed 

Missing 
Periods 

1 11110061 20 5 25 1 
2 11110075 19 6 25 1 
3 11110078 18 6 24 2 
4 11110080 18 5 23 3 
5 11110082 4 0 4 22 
6 11110084 16 1 17 9 
7 11110099 8 6 14 12 
8 11110109 20 6 26 0 
9 11110110 19 6 25 1 
10 11110111 20 6 26 0 
11 11110120 20 3 23 3 
12 11110129 20 3 23 3 
13 11110131 17 0 17 9 
14 11110134 20 6 26 0 
15 11110135 17 3 20 6 
16 11110139 20 6 26 0 
17 11110142 20 0 20 6 
18 11110144 20 3 23 3 
19 11110155 18 0 18 8 
20 11110157 5 0 5 21 
21 11110163 19 5 24 2 
22 11110164 19 6 25 1 
23 11110168 10 6 16 10 
24 11110171 11 6 17 9 
25 11110183 16 6 22 4 
26 11110185 11 3 14 12 
27 11110192 11 0 11 15 
28 11110067 19 4 23 3 
29 11110068 19 2 21 5 
30 11110072 19 6 25 1 
31 11110083 17 6 23 3 
32 11110087 17 4 21 5 
33 11110088 12 0 12 14 
34 11110096 18 6 24 2 
35 11110114 15 4 19 7 
36 11110121 18 0 18 8 
37 11110122 4 0 4 22 
38 11110140 20 6 26 0 
39 11110146 20 6 26 0 
40 11110152 20 6 26 0 
41 11110156 18 6 24 2 
42 11110165 2 0 2 24 
43 11110169 11 6 17 9 
44 11110172 11 4 15 11 
45 11110174 18 6 24 2 
46 11110175 14 6 20 6 
47 11110177 10 0 10 16 
48 11110179 18 5 23 3 
49 11110186 14 5 19 7 
50 11110188 17 6 23 3 
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Figure 4.1 shows that 30%7c of boys and 141-4, of' girls completed every page of the 

diary and 50% of girls and 57`/c, of boys completed more than 21 Iýrriýýýls. 'T'here was 

only a significant difference between boys and girls in total periods completed during 

weekdays, with boys completing slightly more periods ('Fahle 4.5). Noy siýonificirnt 

differences were found between boys and girls in total periods Completed diurinýg 

weekend only or the for seven days measurements (weekdays and werkend). 

Figure 4.1 Frequency Histogram showing the number of periods Filled in by cacti 
child with at least one entry 
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Table 4.5 Mean (± SD) results for PAD compliance during weekdays and weekend 
Boys Girls Sig 

Periods completed during weekdays 17.07 ± 3.1 15.74 ± 3.1 0.021 * 
Periods completed during weekend 3.93 ± 2.2 3.94 ± 2.4 0.390 
Whole periods completed 21 ± 4.8 19.68 ± 6.4 0.244 
Missing periods 5 ± 4.8 6.32 ± 6.4 0.244 
*p value < 0.05 is considered significant. 

4.4.3 Diary Quality 

The marking of each participant's diary can be seen in Table 4.6. 

Table 4.6 Ouality of children's diary completion. 
G d 

Grade 
en er 1 2 3 4 5 6 

No. of Diaries Boys 6(2011c) 3(10%) 9(30%) 10 (33.3%) 2(6.71/(, ) 
Girls 2 (4%) 6(121/(, ) 20(40(/() 14(28(/() 7(14(/() 1 (2YI ) 

78 

123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

No of Diary Periods Completed 



Six boys' diaries (20%) and two girls' diaries (4%) were considered to be in the top 

grade (grade 1) and perfect with regard to all the criteria set. Six girls' diaries (12%) 

and three boys' diaries (10%) were graded as being a high standard when assessed 

against the criteria for grade 2. Girls and boys produced nearly an equal percentage of 

diaries that were considered to be grade 3 and grade 4 (68% and 63%, respectively). 

Seven girls' diaries (14%) and two boys' diaries (7%) were graded as poor (grade 5). 

Only one girl's diary was considered unusable (grade 6) for worthwhile analysis based 

on the criteria set. 

4.4.4 Comparison of PAD Intensity Rating with CSA counts 

Results from CSA - PAD comparisons showed mean CSA counts increased linearly 

from PAD intensity ratings one to four (Figure 4.2) for the whole group during 

weekdays and weekend days. A CSA value of 1061 seen in intensity category 3 is 

similar to the moderate activity cut point for age 10yrs (1017) described by Trost et 

al. (2000), whilst the mean CSA value for PAD intensity 4 (1291 counts) was 

considerably below the vigorous activity CSA cut points for age 10 (vigorous 

intensity cut-off = 3695). 

Figure 4.2 CSA - PAD comparisons based on children's intensity ratings. 
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4.4.5 Comparison between minutes of MVPA recorded by PAD and CSA 

To examine the relation between the minutes reported by participants in diaries and 

CSA recorded minutes for four weekdays and two weekend days, when discriminate 

minutes of category three plus four from PAD which consider as MVPA to equivalent 

with CSA minutes, a correlations analysis were used. For weekend days there was a 

moderate significant correlation (r = 0.31, p =0.008) between minutes of MVPA 

recorded by the PAD and the CSA, while for weekdays there was no significant 

correlation seen (r = 0.21, p=0.065). 

4.5 Summary of Key Findings 

" Boys reported longer duration in activities in all periods than girls throughout 

the week. 

9 More hours of recording were reported at the weekend compared with 

weekdays. 

" Twenty per cent of children completed all 26 periods of the diary without 

missing one. More than half of these were boys (56.2%) and 43.8% were girls. 

9 Fifty-four per cent of participants completed 22 or more periods of the diary. 

" Diary MVPA minutes showed a significant correlation with objective CSA 

monitor minutes during weekend (r = 0.31, p=0.008), but not weekdays. 

4.6 Discussion 

The results showed that boys reported longer duration for all periods compared to 

girls, while both gender reported a similar amount of time spent in activities during 

morning break and lunch break periods throughout the week. For the after school 

period, boys consistently reported a larger amount of time spent in activities than 

girls. The gender difference in the present study was in agreement with previous 

descriptive studies (Pate et al., 1994). However, as the results showed that boys were 

spent more time on activities, this may also reflect the different types of activity that 

boys and girls pursue, with boys taking part in more active play than girls (Fox and 

Riddoch, 2000), or may occur through girls having less license to be active on their 

free times. 
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Overall compliance with filling the PAD was clearly better during weekdays than 

weekend days. This was probably due to the fact that school day has more structured 

and organized activities which can be rating, while on weekend this rating could be 

overestimated by boys. More than 63.7% of the children returned PADs that were 

completed to some extent more than 20 periods. In the studies by Bratteby et al. 
(1997) and Garcia et al. (1998) the proportions of the recruited samples that returned 

complete diaries were 91% and 46%, respectively. Nevertheless, authors did not 

provide details on what a "complete" diary was. It should be noted that "closed" 

format of these instruments makes it easy to determine adherence on a dichotomous 

basis (completed vs did not complete each cell/section). Assessing an open format 

diary was more complex due to the lack of clear guideline as to what should be 

considered as "complete data". 

The moderate correlation (r = 0.31) between minutes of MVPA recorded by the PAD 

and the CSA during weekend was surprising, since better and clearly filling the PAD 

during weekdays than weekend days was observed. It is possible that for weekend the 

children have more opportunity to be active. On the other hand, the MVPA of PAD 

and CSA showed a weak correlation during weekdays. 

4.7 Limitations 

I. Volume of Diary Completed 

When looking at the number of periods completed, only whether an entry has been 

made or not on each page of the diary is considered. By virtue of this results might be 

misleading since it is assumed that data entered on each page is substantial and 

usable. Unfortunately, in a few cases, a period contained no more than one entry, 

suggesting the entire period had not been carefully considered, and thus one entry was 

not particularly detailed, making it of limited value for assessing the participant's 

activities overall. 

When comparing the period duration reported by the participants, the periods before 

and after school are obviously going to vary from day to day because an individual 

81 



may not have a standard routine throughout the week and may get up and go to bed at 

different times. Also, each individual participant is unlikely to have a routine that 

matches that of other participants, therefore, when averaging periods there will be 

large variations in the mean from day to day purely resulting from different routines. 

It would therefore be wrong to assume that any decrease in reported times is purely 

due to participants' decreased compliance in completing the diaries. 

For the morning and lunch break periods, however, all participants had a clearly 

defined time set aside for these periods; therefore, variation in their reported durations 

could more reliably be attributed to a decrease in compliance when completing the 

diaries. 

Anther limitation is that the time-scale of the weekend periods differs considerably to 

that of weekdays therefore preventing any direct comparison between weekday and 

weekend periods. Ideally, the whole week should have been viewed as one and like 

periods on each day compared to show any trends in period completion. However, 

because the diary was split into different weekday and weekend formats, only 

weekdays or weekends could be compared to each other. Moreover, in a study lasting 

only one week, potential differences in routine are sufficient to prevent a Saturday 

from being compared on an equal par to a Sunday, thus making it difficult to draw 

valid conclusions as to compliance. 

II. Quality of Diary Completion 

The main limitation lies with how subjective the marking scheme was for assessing 

the quality of diaries. Although criteria were set by which the diaries should be 

judged, how each one falls below this standard is very personal to the marker. To 

minimise the effect of a subjective viewpoint a second and even third marker should 

have been used, all marking independently of each other with results only compared 

at the end with discussions to resolve any disputed marks. 

One or two diaries had significant sections that had obviously been completed by a 

parent or other adult. Although this completion may have been to help the child out, it 

is technically proxy data and could have been an expression of the parent's opinions 

82 



rather than that of the child, even if the child had told the parent what s(he) had done. 

Also, the point of the study was to examine whether the diaries could be effectively 

completed by children themselves in such a way that accurate validated data could be 

obtained on a large scale for analysis purposes. 

Grade 6 diaries are those considered unusable for any analysis of children's physical 

activity levels. One grade 6 diary was, however, included in this study's analysis 

because it was important to note this diary and examine possible reasons why the 

individual was unable to complete the diary. A strong impression from diaries was 

that some participants were unable to complete them in full due to learning difficulties 

such as dyslexia. In general, a good effort had been made to complete the diaries, 

although in some instances the spelling used in several entries concerning the mode of 

activity was too vague to understand or the writing was illegible. Times were often 

confused as well, for example, twenty to eleven would be written as "11: 20" or 

"10: 20". The participants concerned seemed to give up completing the diary part way 

through the week, probably because they found the task too difficult. 

III. Diary Validity 

When comparing the intensities reported in the diaries to the counts from the CSA 

monitors, only activities of 10 minutes or over were considered. This reduced the 

number of usable entries quite considerably and, as such, meant that averages for 

some participants, CSA counts were based on one or two entries for some intensity 

ratings and other intensity ratings had no entries at all throughout the week. This was 

particularly the case for intensities 3 and 4. The suggestion from Bailey et al. (1995) 

that children activity takes place in short bursts of high intensity activity would 

explain why there were not longer periods of activity of high intensity reported in the 

diaries. 

It is also possible that those individuals who reported long periods of activity at a high 

intensity were referring to the same periodic bursts of activity, but rather than break 

down the entry in the diary into separate activities, they grouped different activities 

together and described them, for example, as a thirty minute game of football. 

Accordingly, the time when the participant was not moving as much was still classed 
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as intensity 3 or 4 within this entry, therefore raising the overall average intensity 

rating. 

4.7.1 General Limitations 

A small sample size is often a problem. Although 80 participants in a study is a 

respectable number for separating into boys and girls for gender analysis purposes, 

comprising two sample groups of 30 and 50 participants, respectively, it may not be 

adequate enough to draw inferences from the data that can be related back to the 

sample population. 

The study only looked at a seven-day period. It is hard to take one week alone and 

describe it as a typical week for all participants. There were several participants who 

were off school on different days, either for the whole day or for part of the day. 

Most, but not all, participants attended an Induction Day on Monday at their new 

school. It is understandable therefore that the levels of activity on the Monday during 

breaks and lunchtime were much lower than when participants were at their own 

school, probably due to apprehension at exploring and being active amongst older 

strangers at a new school. Many individuals described their morning break and lunch 

activities as "talking to friends" or "sitting" or "walking around". This, along with the 

different times at which breaks and lunchtimes took place added unexpected variables 

which may have affected the validity when comparing school days to one another. 

A study of this nature asks participants to think about their levels of physical activity 

and report on them after each period has passed to minimise the length of recall 

required and hence theoretically improve the accuracy of the information that is 

collected. Care, however, needs to be taken in that asking participants to consider 

their activity levels at such regular intervals throughout the study period may lead 

them to alter their behaviour patterns during the study. This may only have occurred 

in a few participants but, given such a small sample size, results could easily become 

biased. 
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4.8 Conclusion 

The principal findings of the study suggest that 87.5% of participants (grade 4 >) 

completed the diaries to a satisfactory quality level that provided sufficient 

information to allow statistical analysis of mode, duration and intensity of physical 

activity. The main advantage of this type of data collection is that it provides a 

description of the activities that children take part in, information that is not available 

from and accelerometer. Thus whilst providing a relatively poor measure of physical 

activity, the PAD is a sufficiently acceptable instrument for the children to provide a 

picture of their daily activities. Use of this instrument could tell us what children do 

and potentially identify times and areas that could be easily targeted to increase 

activity levels. 

In conclusion, the diary has shown great promise in its ability to be used as a tool in 

collecting information regarding physical activity in children 9 to 11 years old. High 

percentages of participants were able to complete the diary to a level satisfactory 

enough to allow for meaningful data analysis that could then be used to build a picture 

of children's activity levels and health implications of these. 
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CHAPTER FIVE 
THE ASSOCIATION BETWEEN 
PHYSICAL ACTIVITY LEVELS 

AND SCHOOL 
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5.1 Introduction 

Schools have been identified as providing the most logical environment for promoting 

public health of youth through physical activity (Centres for Disease Control and 

Prevention, 1997). There are several reasons for interest in studying youth physical 

activity at school, in addition to physical education. First, even the best school 

physical education programs do not provide enough physical activity to meet health- 

related recommendations (Stone et al., 1998; McKenzie et al., 2000). Thus, increasing 

physical activity at other times throughout the school day could help young people 

achieve recommended levels. Second, the recent, rapid increase in youth obesity 

(Lobstein et al., 2003) is an important stimulus for increased physical activity in 

numerous settings. Third, keeping students engaged in physical activity on campus 

after school has the potential to decrease delinquency, risky health behaviours, and 

social problems that are most likely to occur in the after-school hours. Prior to 

considering interventions, however, it is important to describe current activity levels 

throughout the school day. 

The school day is seen as the focus for understanding children's activity, since during 

the week a large part of their day is spent at school. However, whilst at school 

children spend the majority of their time sitting, with opportunities for physical 

activity occurring mainly at break times and during physical education classes. Data 

on physical activity levels during recess are emerging (McKenzie et al., 1997; 

Stratton and Mota 1999; Stratton, 2001; Mota et al., 2002; Stratton and Leonard 2002) 

with physical activity targets proposed for "health promoting playgrounds" of 50% 

(Stratton and Mullan, 2003) and 40% of recess time (Ridgers et al., 2006). Ridgers et 

al. (2006) reported that children engaged in 34 minutes of MVPA if they were active 

for 40% of recess time. Thirty-four minutes of physical activity exceeds the 30- 

minute minimum MVPA recommendation for children (Biddle et al., 1998). 

There is some evidence that the school physical environment is associated with 

physical activity of adolescents (Sallis et al., 2001) and that changing the environment 

and policies at school can favourably affect their physical activity (Sallis et al., 2003). 

However, it is not clear whether neighbourhood environments are also associated with 
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adolescents' physical activity. This chapter will investigate the physical activity of 

children around the school. 

5.2 Aim 

The aim of this study was to examine the physical activity levels of boys and girls 

during unstructured periods in school and outside of school to investigate whether 

physical activity levels of children differ between different schools. 

5.3 Research Questions 

" Does the physical activity level of children differ between different schools? 

" How physically active are children during morning break and lunch time, and 

does this differ between schools? 

" Are there gender differences in these activity patterns? 

" How many children achieve the target of 40% of MVPA during school 

breaks? 

" Are there gender differences in the amount of time spent in MVPA during 

breaks? 

5.4 Method 

Two hundred and seventy-one participants from seven schools were provided parental 

permission and were included in the study by wearing CSA monitors for a period of 

six days, including four school days. Twenty-three children failed to provide data due 

to faulty CSA monitors, three children did not wear their monitors, and sixteen 

children failed to satisfy minimum inclusion criteria (wearing the CSA monitor for at 

least eight hours each day for two weekdays and one weekend). One school with 

seven children only was excluded due to the small number of children (less than ten 

children take part in the study). 
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5.4.1 School Descriptions 

All the information about the schools is adapted from the schook prospectus and 

Inspection reports. 

1. School (1): 

The first school is situated in the north o1' Bristol. The school is an average Si/. cd 

primary school, comprising 325 children in 14 classes. 'l'ucre is a larzc sports' field 

and two playgrounds, which are small for the number of pupils ( Inspection report 

2001). The playground for Key Stage 2 (year 3- year 6) pupils is vcrv well equipped. 

Key Stage 2 children have been allocated one session of swinimimg per week at a 

local pool. There are several after-school clubs where pupils meet with their teachers 

and friends in a more informal situation (Inspection report, 2001). 

II. School (2): 

The second school is situated in a quiet residential area on the northern outskirts of 

Bristol. It is an average sized primary school. The school benefits from a playing 

field, and from playgrounds which are well equipped with a variety of climbing and 

play equipment. In addition, there is a well-equipped gymnasium, hard court and a 

school field. Children at Key Stage 2 have opportunities to compete in teann sports by 

joining a variety of clubs during the academic year. These clubs are usually open to 

Years 4-6. Key Stage 2 children have been allocated one session of swimming per 

week at a local pool. This means most children will be taught to swim and able to 

achieve 25m by the time they leave the school (Inspection report, 2004). 

Picture 5.1 School (2) overview 

89 



III. School (3): 

The third primary school is situated in the north of Bristol. The school setting is very 

attractive, with grounds set to trees, shrubs, and grass and playground space. There is 

a netball court, a football field, and an attractive playground space, which includes a 

`sunken garden'. There are many areas with wooden low fences, which are 

specifically designed with seating areas for children at playtimes. There are three 

covered play areas where the children may shelter on days which are too windy or too 

sunny. They have the benefit of a Trim Trail climbing area and seating arbours. 

Children in Key Stage 2 also have approximately 8 swimming lessons each year at a 

leisure centre. The school has a large hall, well equipped with gym apparatus and 

indoor equipment. The hall is also excellent for movement and dance (Inspection 

report, 2003). 

IV. School (4): 

The fourth primary school is situated in the west of Bristol city and consists of a 

single storey building with 11 classrooms and a main hall surrounded by playgrounds 

and a large school field. This is a primary school of above average size, which 

occupies a pleasant suburban site. It has indoor and outdoor facilities. Outdoor 

facilities and resources for physical development include a variety of opportunities, 

such as dance and the use of wheeled toys. The children can use physical education 

apparatus to climb over, under and through in a variety of ways to develop their skills. 

Although pupils have swimming lessons only in Years 5 and 6, almost all pupils can 

swim 25 metres by the end of Year 6 (Inspection report, 2003). 

V. School (5): 

The fifth school is situated in an old village that is now part of the City Of Bristol. 

This new school was built on top of a hill adjacent to a wooded area full of wildlife 

and consists of twelve classes. The school is larger than average, with 339 pupils on 

roll aged from four to eleven. There are playgrounds for KS 1 and KS2 children and a 

playing field suitable for football, rounder, cricket, etc. The school also has a well- 

equipped gym. Swimming lessons are only for (years 3 and 4), who attend 
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approximately 20 sessions per school year. Children in reception do not have a 

suitably designated, equipped, secure outdoor space (Inspection report, 2002). 

VI. School (6): 

The school is situated to the north of the city of Bristol, and consists of 586 boys and 

girls aged from four to eleven. Six new classrooms were added in 1998 to 

accommodate the rising numbers. Only pupils in Year 3 have swimming lessons, but 

by the end of the year most have made good progress and can swim the nationally 

recommended 25 metres for pupils aged eleven. In games, pupils in Year 4 take part 

safely in energetic outdoor activities (Inspection report, 2000). 

The school environments are briefly summarised in Table 5.1. 

Table 5.1 Summarv of the six schools' environment 
School 1 School 2 School 3 School 4 School 5 School 6 

Opening year 1998 1988 1996 1851 1972 1988 
Pupils 325 196 362 306 339 586 
Size average average above 

average 
above 

average 
above 

average 
above 

average 
Building 2 storey I storey I storey 1 storey I storey 1 store 
Playground 2 2 2 2 2 1 
Playground 
equipment 

K. S1 g 
K. S2 v. 

K. S 1w 
K. S2 w 

K. S Iw 
K. S2 w 

K. Sl g 
K. S2 

K. Sl g 
K. S2 

K. S Ig 
K. S2 

Playing field yes yes yes yes yes es 
Outside equipment v. v. not secure not secure 
Inside equipment V. g v. 
Sport marks yes yes no no no no 
School hall big, u big, well big, well small, u big, well small, u 
Swimming K. S2 K. S2 K. S2 K. S2 Y3, y4 Y3 
After school clubs yes yes yes yes yes yes 
P. E teaching K. SI g 

K. S2 v. g 
K. S 1 v. g 
K. S2 v. g 

K. S 1 v. g 
K. S2 v. g 

K. S 1 v. g 
K. S2 v. 

K. S 1g 
K. S2 v. g 

K. S 1g 
K. S2 

u= unsatisfactory, g= good, v. g = very good, w= well equipped 

The six schools were different in number of pupils, school size, numbers of 

playgrounds, school hall size, outside and inside equipment, and only two of the 

schools had playground markings (which have been suggested to be associated with 

higher break time pa). The differences in school characteristics and opportunities for 

recreational activities between these schools may create substantial differences in 

children's level of physical activity. 
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5.4.2 Procedures 

Participants are described in Chapter 3. Accelerometer data were prepared as 

previously described (Section 3.2). To assess the association of different schools' 

environment with children's physical activity, the mean CSA cpm during school hours 

(9: 00 am - 3: 30 pm) and of school hours (3: 30 pm - 10: 00 pm) were computed. In 

addition, to investigate physical activity during different periods of the school day, 

mean CSA cpm during morning break (10: 00 am - 10: 30 am) and lunch break (12: 00 

pm - 1: 00 pm) were computed. 

The minutes of moderate or greater intensity physical activity (>3 metabolic 

equivalents [METs]; moderate-to-vigorous physical activity [MVPA]) was calculated 

for each hour that the accelerometer was worn between 06: 00 am and 10: 00 pm, since 

the CSA was worn infrequently outside of these times. MVPA was calculated using 

established age-dependent cut-points for children (Trost et at., 2001). The percentages 

of amount of time that boys and girls spend in MVPA during school breaks (break 

times duration were 30 minutes for morning break and 60 minutes for lunch break) 

were computed. Number of children was considered to achieve the target of 40% (36 

minutes daily) of MVPA during school breaks for 4 days of the week. 

5.4.3 Data Analysis 

The dependent variables were the CSA cph for the children during weekdays, school 

hours, out of school hours and school breaks (morning break and lunch break). The 

independent variables were gender and individual schools. To compare mean activity 

levels between different schools, one-way analysis of variance with Bonferroni post 

hoc adjustment was used. Two-way ANOVA 2x2 (gender x individual school) 

analyses was used to establish any gender and different school differences on the 

dependent variables. 
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5.5 Results 

5.5.1 Number of Participants 

A total of 222 participants, 88 boys (39.6 %) and 134 girls (60.4 %) with a mean age 

of (10.2 ± 0.4) years comprised the final sample from six schools. Characteristics of 

study participants are shown in Table 5.2. 

Tah1P 5.2 Characteristics of study narticinants (mean ± S. D) 
Boys 

(n = 88 
Girls 

n =134 
Mean ±SD Mean ±SD 

Age (years) 10.25 f 0.4 10.24 t 0.4 
Height (M) 1.4 t 0.06 1.4 t 0.07 
Weight (Kg) 36 ±7.2 37.8 t 9.1 
BMI (kg/m2) 18 t 2.7 18.7 f 3.2 

5.5.2 CSA counts different between schools 

Table 5.3 shows the mean CSA cph across the measurement week for boys, girls and 

all children from the six schools. ANOVA showed no statistically significant 

differences in pa between any of the schools either for all children combined or when 

analysed separately by gender. 

Tah1P 51 Mean CSA counts ner hour during four days 
Schools All children Boys Girls 

(mean ± sd meant SD) (mean ± SD) 
School 1 (n = 92) (n = 32) (n = 60) 

33840 ±9324 38160 ±8877 31535 ±8785 
School 2 (n = 13) (n = 5) (n = 8) 

40698 ±20220 55188 ±19923 31642 ±15178 
School 3 (n = 54) (n = 30) (n = 24) 

36995 ± 12028 40207 ± 12614 32980 ± 10122 
School 4 (n = 22) (n = 7) (n = 15) 

37814 ± 12789 39185 ± 13628 37175 ± 12821 
School 5 (n = 19) (n = 7) (n = 12) 

35182 ±11021 40302 ±13463 32196 ±8572 
School 6 (n = 22) (n = 7) (n = 15) 

31024 ± 17300 38734 ± 14305 27426 ± 17823 
Sig 0.137 0.136 0.314 
F 1.695 1.736 1.199 
df between groups 5 5 5 

within groups 216 82 128 
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ANOVA revealed a significant main effect for gender (F = 23.607, p<0.001), as 
boys engaged in significantly more physical activity than girls. There was no main 

effect for the school, and the gender x schools interaction was not significant (p > 

0.05) (Table 5.4). 

Table 5.4: Gender and school composition of the children durine four weekdays 
Source df F Sig 
Gender 1 23.607 0.000* 
Schools 5 1.580 0.167 
Gender * Schools 5 1.513 0.187 
* P< 0.05. 

The school that the children attended was not associated with overall physical activity 

levels despite different equipment provision, resources and opportunities. However 

any possible school effects may be attenuated by out of school activity, and thus 

physical activity levels in the in-school and out-of-school periods were investigated. 

5.5.3 Physical activity different in-school hours vs. out of school hours 

To assess the association between different schools and children's physical activity, a 

comparison of mean cph during school hours (9: 00 a. m. - 3: 30 p. m. ) and out of school 

hours (3: 30 p. m. - 10: 00 p. m. ) between schools was undertaken. ANOVA was used to 

compare mean CSA counts between different schools (Table 5.5). 
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Table 5.5 Mean CSA counts per hours during school hours and out of school hours 

simon¢ all children. boys and eir1s 
All children Boys Girls 

Mean t SD Mean t SD Mean t SI) 
School 1 (n = 92) (n = 32) n= 60) 

durin g school hours 34041 ±9086 38023 t 10062 31917 t 7808 
durin g out of school hours 28540 ±9836 32370 ± 10053 26496 t 9161 

School2 (n = 13) (n = 5) (n = 8) 
durin g school hours 42050 t 20345 57267 t 18192 32539 ± 15865 
durin g out of school hours 30656 ± 15801 38588 t 19444 25699 ± 11788 

School3 (n = 54) (n = 30 ( n= 24) 
durin g school hours 35107 ± 12821 38717 t 14547 30594 t 8586 
durin g out of school hours 29125 ± 13606 29255 t 13690 28963 t 13792 

School 4 (n = 22) (n =7 ( n= 15) 
durin g school hours 40419 t 17078 44013 t 19764 38741 t 16143 
durin g out of school hours 25923 t 11072 31838 ± 14280 23162 t 8416 

School5 (n = 19 (n =7 n= 12 
durin g school hours 37285 ± 12715 45005 ± 15820 32781 t 8245 
durin g out of school hours 27050 t 12051 29784 t 16782 25454 ± 8745 

School6 (n = 22) n=7 n= 15) 
durin g school hours 23259 ± 20792 37781 ± 26574 16482 ± 13826 
durin g out of school hours 23911 t 18239 27979 ± 14359 22012 ± 19963 

Si g during school hours 0.000* 0.136 0.000* 
F 4.919 1.735 7.553 

df between groups 5 5 5 

within groups 216 82 128 
Sig during out of school 

hours 
0.514 0.702 0.517 

F 0.852 0.597 0.850 
df between groups 5 5 5 

within groups 216 82 128 
* P< 0.05. 

There were differences in mean CSA cph between children from different schools, 

only during school hours but not out of school hours. There was a statistically 

significant difference between schools during school hours among boys and girls 

combined (p < 0.001). Post-hoc comparisons showed that the significant difference 

lay between children at school six and the children from the other five schools (p < 

0.013, p<0.001, p<0.009, p<0.001, and p<0.016, respectively). However, there 

was no statistically significances difference between the children during out of school 

hours (p = 0.514). 

Similarly there were significant differences during school hours between girls in the 

six schools (p < 0.001), as before with school six differing from the others, but there 

were no statistically significant differences in mean CSA counts between the schools 

for boys (p = 0.136). 
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As regards any mean difference between schools during out school hours, no 

statistically significant difference was found among boys and girls (p = 0.702; p= 

0.517, respectively). Children were more active during school hours than out of 

school hours for each school, except girls at school six who were more active during 

out of school hours than in school hours. 

Table 5.6 Gender and school composition of the children during school hours and out 
school hours 

Source df F Sig 
During school hours Gender 1 35.397 0.000* 

Schools 5 4.278 0.001 * 
Gender * Schools 5 2.255 0.050* 

During out of school hours Gender 1 8.696 0.004* 
Schools 5 0.669 0.647 
Gender * Schools 5 0.755 0.584 

* P< 0.05 

Boys engaged in significantly more activity volumes than girls during school hours (F 

= 35.397, p<0.001). In addition, the effect for the school environment was 

significant (F = 4.278, p<0.001). The gender x schools interaction was significant (p 

< 0.05) (Table 5.6). Similarly, for after school period the effect for gender was 

significant (F = 8.696, p<0.004), as boys were significantly more active than girls. 

Neither main effects for the school environment or the gender x schools interaction 

were significant (p < 0.05) (Table 5.6). 

5.5.4 The differences in activity volumes between boys and girls during school 

breaks 

Several studies have reported that boys were more active than girls during the day. 

However, limited attention has been paid to differences between genders during 

unstructured periods. Table 5.7 shows that boys were significantly more active than 

girls at school breaks, during morning break (p < 0.002) and lunch break (p < 0.001). 

Tnh1P 5.7 Mean CSA counts ner hour on school breaks during four weekdays 
Boys 

n=88 
Girls 

n=134 
Mean ± SD Mean ± SD 

Morning Break 46504 ± 22244 35957 ± 16505 0.000* 
Lunch Break 71037 ± 32531 47390 ± 17761 0.000* 
* P< 0.05. 
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The activity levels of boys and girls in different school are presented in table 5.8. 

There were significant differences between boys within the six schools during 

morning break (p < 0.006) and lunch break (p < 0.001). There was a statistically 

significant difference between girls in the six schools during morning break (p < 

0.001) and lunch break (p < 0.003). 

Table 5.8 Mean CSA counts ner hour during four weekdays 
Mornin g Break Lunch Break 

School Boys Gi rls 11o s Gi rls 
Mean ±SD Mean ±SD Mean ±SD Mean ±SD 

School (1) 
m=32"f=60 

41933 ±12743 35488 ±14286 61561 ±19022 50159 ±16205 

School (2) 
m=5"f=8 

83691 ±39084 45506 ±28399 146808 ±61316 61442 ±30268 

School (3) 
m=30"f=24 

54550 ±25577 45147 ±17399 100849 ±43140 53352 ±15064 

School (4) 
m=7"f=15 

39233 ±23574 42769 ±18546 81391 ±29964 63672 ±25792 

School (5) 
m=7"f=12 

57541 ±32588 41068 ±16698 76154 ±44460 53420 ±14457 

School (6) 
m=7"f=15 

39567 ±36738 21607 ±18350 67794 ±39480 33692 ±32963 

Sig 0.006* 0.001 * 0.000* 0.003* 
F value 2.951 4.239 5.661 4.411 

df between groups 5 5 5 5 
Within groups 82 128 82 128 

* P< 0.05. 

ANOVA revealed a significant effect for gender during morning break and lunch 

break (F = 14.534, p<0.001; F= 48.868, p<0.001, respectively), as boys engaged in 

significantly more activity than girls during break times. In addition, the effect of 

school were significance during morning break and lunch break (F = 5.604, p<0.001; 
F=8.295, P<0.001 respectively). The gender x schools interaction was significant 

during lunch break (p < 0.001); however the interaction was not significant during 

morning break (Table 5.9). 

Table 5.9 Gender and school composition of the children during breaks 
Source df F Sig 

During morning break Gender 1 14.534 0.000* 
Schools 5 5.604 0.000* 
Gender * Schools 5 1.832 0.108 

During lunch break Gender 1 48.868 0.000* 
Schools 5 8.295 0.000* 
Gender * Schools 5 4.539 0.001 * 

* P< U. US. 
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5.5.5 The differences in MVPA between boys and girls during school breaks 

In total, only 31% of the children achieved the target of 40% of MVPA during break 

times on each day of the four weekdays. Broken down by gender these percentages 

were 41 % for boys and 24.6% for girls. Independent-samples t-tests demonstrated that 

boys were significantly more active than girls during morning break (p < 0.019), and 

lunch break (p < 0.001). 

Tnhle 5.10 Mean CSA MVPA minutes on school breaks 
Boys 

n=88 
Girls 

n=133 
Mean t SD Mean ± SD p 

Morning Break 15.5 t 8.01 12.9 ± 6.2 0.019* 
Lunch Break 18.2 t 9.9 14.3 ± 6.9 0.000* 
* P< 0.05. 

5.6 Summary of Key Findings 

" School environment appeared not to be strongly associated with overall 

children's physical activity levels. However children from the school with the 

smallest number of pupils and playground markings recorded the highest 

activity values, whilst children from the school with the largest number of 

pupils recorded the lowest activity values. 

" Children were significantly more active during school hours than out of 

school hours for each school, except girls at the sixth school. 

" There were significant differences within the six schools during morning 

break and lunch break between boys and girls. 

" Only 31 % of the children achieved the target of 40% of MVPA during break 

times. Moreover, boys were significantly spent more time on MVPA during 

school breaks than girls. 
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5.7 Discussion 

In the present study comparison of children overall activity levels during school hours 

showed that there was no significant difference in physical activity level between 

children from most of the schools in the sample. The exception was the children from 

the smallest school who had significantly higher physical activity than other children. 

This is similar to finding from Zask et al. (2001) that physical activity was higher in 

small schools compared with large schools. Social inclusion may be stronger in small 

schools due to smaller numbers of children, so children who are less active than their 

peers are included in games, whilst in larger schools they may be excluded. 

The accelerometers identified marked gender differences in activity patterns. 

Generally, boys in the present study were consistently more active than girls in the 

total volume of activity during weekdays and during school break periods (morning 

break, lunch break). These results support several studies shown that boys participated 

were more active than girls during playtime (McKenzie et al., 1997; Sarkin et al., 

1997; Stratton, 1999; McKenzie et al., 2000; Zask et al., 2001), and that girls were 

less involved than boys in MVPA both in and out of school (Manios et al., 1999). 

Few studies have focused attention on the contribution of the primary school breaks to 

health-related daily physical activity. The duration of playtime available for children 

to be active is an important consideration. Zask et al. (2001) suggested that the 

increased physical activity levels observed at lunch break compared with morning 

playtime were influenced by longer play duration at lunchtime. This is supported by 

the present study finding that both genders were more active during lunch break than 

morning break. These finding suggested that schools should therefore provide 

adequate time periods during the school day for children to engage in physical 

activity, which could contribute to activity guidelines, and encourage children to be 

more active. 

While the reasons underlying gender differences in physical activity levels are not 

known (Scruggs et al., 2003), they may be partly attributable to the social context of 

playgrounds. Blatchford et al., (2003) investigated the nature of the games played in 
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primary schools and the frequency of involvement by boys and girls during activities. 

The results indicated that boys were more likely to be involved in ball games, while 

girls were more likely to engage in sedentary play, conversation, and skipping 

(Blatchford et al., 2003). Ball activities require more intense movements, which could 

account for the higher physical activity levels in boys compared to girls. Conversely, 

the girls' activities involved less frequent or intense movements resulting in lower 

physical activity levels during school breaks. 

Data indicated that school breaks provide a salient opportunity for children to take 

part in physical activity of different intensities. Boys carried out more MVPA during 

break time, suggesting that school breaks need to be restructured so that boys and 

girls receive equal opportunities to be physically active. This supports the 

recommendations proposed by Sarkin et al. (1997). Another study aimed to increase 

physical activity during school breaks by painting playgrounds with multicolour 

markings (Stratton and Leonard, 2002). In the short-term, playgrounds with markings 

increased both boys and girls energy expenditure. In schools that had markings, 

children were more equally distributed across the playground, and as the markings 

were not designated as boys' or girls' games, painting school playgrounds could be a 

suitable strategy to increase the activity levels of primary school children. 

The present study secondary aim was investigation the frequency of children who 

achieved the 40% of MVPA during break times. Ridgers et al. (2006) proposed that 

children should be active for quarter of breaks time. In this study, a minority of 

children (31%) engaged in MVPA for 40% of recess time, intimating that this target 

may not be achievable by the majority of children. In this study, 40% of recess 

equated to 36 minutes, indicating that these children achieved the minimum physical 

activity target of 30 minutes (Biddle et al., 1998) through breaks time alone. 

Moreover, Stratton et al. (2007) found that over 40% of normal-weight boys, 20% of 

normal-weight girls met the 40% of breaks time, similar to children in this study that 

41 % of boys and 24.6% of girls achieved this target. 

Furthermore, recent research found that children who were active during the school 

day engaged in more activity outside school hours compared to those whose school 

activity was restricted (Stratton and Leonard, 2002). It is worth noting that Dale et at., 
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(2000) found that when minimal physical activity opportunities were provided during 

school time children did not compensate by increasing their physical activity out of 

school. This illustrates the importance of breaks time in the provision of activity 

opportunities during the school day. The data indicated that school breaks represents a 

realistic health promoting target for school to ensure that they offer children the 

opportunity to accumulate the minimum requirement of daily physical activity during 

school breaks. Thus, it is important that health promoters and schools use breaks time 

to encourage physical activity. 
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CHAPTER SIX 
ACTIVE COMMUTING AND 

PHYSICAL ACTIVITY 
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6.1 Introduction 

There is growing interest in active commuting as a means of increasing children's 

physical activity (Tudor-Locke et al., 2001). Children who walk to school have higher 

energy expenditure (Tudor-Locke et al., 2003), perform more physical activity 

(Cooper et al., 2003), and are more likely to meet physical activity guidelines (Tudor- 

Locke et al., 2002) than children who travel to school by motorized transport, 

although one study found no impact on total activity among children aged 5 years 

(Metcalf et al., 2004). Nevertheless, the proportion of children actively commuting to 

school has decreased in many nations (Sjolie, 2000). 

Influencing school travel behaviour towards active mode of travel would benefit 

pupils' health through promoting physical activity during the journey to school and 

the environment through reducing car use. The Royal Commission on Environmental 

Pollution has described traffic growth as "possibly the greatest environmental threat 

facing the UK" (Royal Commission on Environmental Pollution, 1994). 

A number of studies have shown that walking to school is associated with higher 

overall physical activity levels (Cooper et al., 2003; Cooper et al., 2005; Alexander et 

al., 2005; Heelan et al., 2005). Initiatives aimed at promoting active commuting as an 

alternative to using cars are becoming more prevalent in the UK; however, there is 

little evidence of the effectiveness of interventions (Ogilvie et al., 2003). 

Attitudinal and behavioural correlates of active travel are largely unknown. The 2001 

National Household Transportation Survey (NHTS) indicate that approximately 15% 

of those aged 5 to 15 years walk or bicycle to school at least 1 day per week (U. S. 

Environmental Protection Agency, 2003). However, the NHTS provides estimates of 

active travel, but does not consider correlates. In 1997 and 2004 (Centres for Disease 

Control and Prevention, 2005), barriers to active travel were assessed by parent report 

through marketing surveys. In 2004, distance was the number one barrier followed by 

danger due to traffic. 
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Other barriers included weather, danger due to crime, and prohibitive school policy 

(U. S. Environmental Protection Agency, 2003). These and other concerns have been 

shown to be related to active travel, although the research is limited. 

Consistent with social ecology theory (Stokols, 1996), personal, family, social, and 

physical environment factors are likely to influence children's travel behaviour. 

However, few studies have examined multiple influences concurrently. Some studies 

have found that children who report that their parents are worried about 

abduction/molestation or traffic danger and who do not allow them to go out without 

an adult are more likely than others to be travelled by car to school (DiGuiseppi et al., 

1998). Further, parental perceptions of the need to cross several roads to reach play 

areas, and lack of traffic lights or crossings are negatively associated with children 

regularly walking or cycling to local destinations, including school (Timperio et al., 

2004). 

The journey to school has been recognised by the Government as an important 

opportunity for establishing daily physical activity for children. However, until 

recently few studies had investigated whether active travel to school could influence 

children's overall physical activity. The promotion of active commuting to school 

must be considered in the context of children's perception of their home environment 

and the influence of parents' perceived concerns on their decisions about 

transportation mode to and from school. 

6.2 Aim 

To investigate the association between mode of travel to school and physical activity 

among primary-school-aged children. 

6.3 Research Questions 

" Are there any differences in the activity of children who travel to school by car 

and those who walk? Are there differences between genders? 
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" Is mode of travel to school associated with the type of after school activity 

children take part in? 

" Is there an association between children's perception of their environment and 

mode of travel to school? 

" What is the parent's stated about children not walked to school? 

6.4 Method 

6.4.1 Participants and Procedures 

Two hundred and seventy-one children were invited to participate in a study and wear 

CSA monitors for a period of seven days, including five weekdays. Twenty-three 

children failed to provide data due to faulty CSA monitors, three children did not 

wear their monitors, and sixteen children failed to satisfy the study's minimum 

inclusion criteria (wearing the CSA monitor for at least eight hours each day for two 

weekdays). One school with seven children only was excluded due to the small 

number of children (less than ten children take part in the study). In total 222 children 

participated in the study. 

6.4.2 Data Reduction 

I. Accelerometers 

Analysis of CSA data was performed for weekdays only. Data were summarised and 

reduced using procedures identical to those described in Chapter 3, and activity was 

compared between children who walked to school and those who travelled by car and 

between genders in the two travel groups. 

IL Children's and Parents' Questionnaires 

Questions which asked the children and their parents about physical activity 

environments were used in this chapter, and were described in the method chapter 

(Section 3.6.2). 

105 



III. Physical Activity Diary 

Analysis of PAD data was performed for the after school period on four weekdays 

only. Data was manually entered into the SPSS spreadsheet; specifically, the 

following information was entered for each activity: period start time, activity mode 

(using codes, Appendix 4.3), activity start time, activity finish time, and activity 

intensity rating. Procedures for summarising and reducing data were described in 

Chapter 3. 

6.4.3 Data Analysis 

Demographic and descriptive statistics for the whole sample and gender subgroups 

were computed, including mean age and standard deviations. Descriptive analysis was 

used to describe the frequency of children's different modes of travel to school and 

journey duration. One-way analysis of variance was used to assess differences in 

physical activity level between travel modes for the whole sample, and boys and girls 

during weekdays. PAD data was used to calculate the percentage of time spent in each 

activity category on each weekday by each child and this figure was subsequently 

used to calculate the mean percentage of time spent in each category of activity over 

the four days by each child. Finally, groups' mean percentage of time spent in each of 

the 16 categories of activity over school days was calculated. One way ANOVA was 

used to assess whether there were differences in the mode of self-reported activity 

between the whole sample, and boys and girls who travelled to school by car and 

those who walked. Descriptive statistics were used to characterise the frequency of 

children's and parents' responses to each question. Mann-Whitney U tests were carried 

out to assess whether there was a difference in perceptions of the home environment 

between children who travelled to school by car and those who walked. 
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6.5 Results 

6.5.1 Participants 

A total of 222 participants, 88 boys (39.6 %) and 134 girls (60.4 %), with a mean age 

of (10.2 ± 0.4) years were included in the CSA comparison. Children walked to 

school (53.6%) and travelled by car (45 %). Most of the children (90%) who walked 

to school had a journey time of : 515 minutes, while (8.8%) and (1.2%) had journey 

times of 15 - 30 minutes and from 30 minutes to one hour, respectively. 

6.5.2 Differences in activity level between children who walked to school and 

children who travelled by car 

Physical activity data for the travel group during weekdays is shown in Table 6.1. 

Children who walked to school recorded more activity cph during weekdays than 

those who travelled by car, but these differences were not statistically significant 

either for the population as a whole or when analysed separately by gender. There was 

no significant gender*travel mode interaction. 

Table 6.1 The activity counts (mean t SD) included of children who travelled to 

c,, hnnl by ear or walked to school 
Going by car Wal kin 

Mean ± SD Mean ± SD p value 
All children 34639 ± 12907 35973 t 11898 0.316 

Boys (n =88) 38703 ± 12812 41588 t 12038 0.426 

Girls (n =134) 31816 ± 12302 32435 t 10421 0.544 

6.5.3 Differences in activity patterns between children who walked to school and 

children who travelled by car 

Although, there were no statistically significant differences in activity volume 

between travel groups, CSA data was plotted for each hour of the day between 7 am 

and 8 pm to investigate if there were any differences throughout the day. Mean 

accelerometer cph for children who travelled to school by car and who walked are 

shown in Figure 6.1. 
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Figure 6.1 The difference between activity levels during weekdays of children who 
travelled to school by car and who walked 
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The pattern and level of activity of children who walked to school and who travelled 

by car were very similar throughout the day. Only when going to school (08: 00-09: 00 

am; F (2,219) = 7.039, p=0.01) and going back home (03: 00-04: 00 pm; F (2,219) = 
2.842, p=0.06) were children who walked more active than car users. No significant 

differences existed between groups during other hours of the day. 

Previous studies have indicated a gender difference in travel-mode-associated 

physical activity. When analysed by gender, the pattern and level of activity of boys 

who walked was similar throughout the day, but was higher when going to and from 

school (F (2,58) = 3.756, p=0.02) and in the after school period (4 pm - 10 pm; 

N. S. ) (Figure 6.2). 
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Figure 6.2 The difference between activity levels during weekdays of boys who 
travelled to school by car and those who walked 
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Similarly for girls, travel mode was not significantly associated with physical activity 

levels except when travelling to school (F (2,131) = 3.857, p<0.02). 

Figure 6.3 The difference between activity levels during weekdays of girls who 
travelled to school by car and those who walked 
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6.5.4 Differences in type of activities between children who walked Iºº school : ºncl 

children who travelled by car 

To investigate what activities contrIhUled to the differCncCs in activii' Ievek 101 alic"i 

school period the activity diaries was used. One hundred and une of Ilhe IoIal nuniher 

of children invited to participate in the study returned physical activity 

Twenty-one diaries were excluded f'ronl subsequent data analysis because they 

contained no data. Accordingly, a total of eighty children, 30 boys (37.5 '/u) and 5O 

girls (62.5 %) comprised the PAID sub-group. Figure 6.4 illustrate` the proportion ()I* 

time in sixteen different activities reported by children who travelled to school hy car 

and those who walked. 

Figure 6.4 Mean percentage of time after school over l nir day, spent in each type of 
activity by children who travelled to school by car and those whop walked 
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One way ANOVA was used to assess whether there was a difference in the time spent 

in each activity between children who travelled to school by car and those ýý ho 

walked. On average, watching television and using a computer accounted for almost a 

third of children's after school activity. There was no statistically significant 

difference in the amount of time spent watching television or using a computer 
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between the travel groups (p = 0.650). Children who travelled to school h' car tipeng a 

larger percentage of after school time carrying out sedentary a("tiv ities, such as 

homework, roging, chatting, hanging around and sitting than children who walked 

and this difference was statistically significant (p = 0.025). ('hildrrn who travelled toi 

school by car spent a significantly greater proportion of' their alter school lime 

participating in going in a car (p = 0.026) than children who walked. 

Figure 6.5 Mean percentage of time after school over tour days spent in each type of 
activity by boys who travelled to school by car and those who walked 
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Boys who walked to school reported more involvement in active playing and vigorous 

games, such as playing football, rugby, swimming, playing, and riding a hike and 

lower involvement in sedentary activities, such as reading, studying, chatting, and 

resting compared to boys who travelled to school by car (Figure 6.5). On average, 

both groups reported spending nearly one-fourth of their time after school watching 

television or using a computer. 

Ill 

0% 5% 10% 15°0 20% 25% 
Percents of total reported time 



Figure 6.6 Mean percentage and standard deviation (± s1» of tinºr over torsi (I; ºv', 
spent in each type of activity by girls who travelled toº school by car and who walke d 
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Figure 6.6 shows that girls who walked to school reported more active playing. 

general playing, riding it bike, watching someone playing and going out than girlk 

who travelled to school by car. The latter reported more sedentary activity. 

swimming, going to clubs, shopping and doing housework. Both travel ý2roups 

reported spending nearly one-fourth of their time after school watching television Or 

using a computer. There was it positive significant difference between the proportion 

of time spent in the after school period in going in it car by the two groups. Girls who 

were travelled by car spent it larger percentage of' he after school period in this 

activity than girls who were walked to school (p= 0.033). There was it difference 

between the proportion of time spent in sedentary activities by girls who travelled to 

school by car and girls who walked (p = 0.064). 
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6.5.5 Children's Perception of their Home Environment 

Mann-Whitney U tests were carried out to examine whether the perception of home 

environment differed between travel groups. 

Table 6.2 shows children's perceptions of accessibility to places to play at or near 
home. The majority of children agreed they had a place at home where they could 

play, and this did not significantly differ between travel groups. More than half of 

children travelled to school by car agreed there were playgrounds and parks near their 

home in which to play compared to one-third of children who walked to school. This 

difference between the travel groups was statistically significant (p = 0.005). 

Tnhle 6.2 Children's nercentions of accessibility to nlaces 
Yes Maybe No 

No % No % No % 
There is somewhere at home to play out 

Car 87 87 10 10 3 3 
Walk 96 80.7 18 15.1 5 4.2 

There are la rounds and parks near home to play 
Car 56 56 19 19 25 25 

Walk 42 35.5 34 28.6 43 36.1 

Table 6.3 summarises responses from children in the two travel groups to questions 

concerning neighbourhood safety. A much larger percentage of children who walked 

to school (65%) thought their local neighbourhood safer than children who travelled 

to school by car (31%) and similar percentages of children from the two travel groups, 

agreed/disagreed that it was difficult to walk or play near their home. However no 
differences between travel groups were statistically significant. 

Tnhle 6.3 Children's nercention of safety 
1 

Yes Maybe No 
No % No % No % 

It is safe to walk in the neigh ourhood 
Car 63 31 4 31 

- 
31 6 6 

Walk 78 65.5 34 28.6 7 5.9 
It's difficult to walk or play near home 

Car 35 35 24 24 41 41 
Walk 52 43.7 15 12.6 52 43.7 
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Children's level of independence, as reported by them, was one of the key perceived 

influences on their ability to play out in their local neighbourhood (Table 6.4). The 

results indicated that children who were travelled to school (83%) had to ask their 

parents for permission to go out, where by children who walked to school (76%) had 

more freedom to go out. There was no difference in the proportion of children who 

had to be back by a certain time when going out between the two groups. When 

children were asked about their parents' view of safety in the local neighbourhood, 

active commuting children were more positive than children who were travelled to 

school by car. 

Takle 6.4 Children's nercention of licence 
Yes Maybe No 

No % No % No % 
Tell parents where and when going out 

Car 83 83 11 11 6 6 
Walk 91 76.5 18 15.1 9 7.6 

Have to be back by a certain time if going out 
Car 66 66 27 27 7 7 

Walk 74 62.2 32 26.9 12 10.1 
Not allowed to play out because arents think it's not safe 

Car 32 32 28 28 40 40 
Walk 32 26.9 26 21.8 61 51.3 

Table 6.5 presents the frequency of children's involvement in activity behaviours. The 

table indicated that only 2% of children who travelled to school and 4.2% of children 

who walked took parts in clubs on a daily basis. On the other hand, children who 

walked or car user had almost identical results regarding playing games after school. 

Tahle 6.5 Freauencv of children's involvement in activity behaviours 
Hardly ever or never 1-2 das a week Most days Eve da 

No % No % No % No % 
Take part in clubs 

Car 18 18 61 61 19 19 2 2 
Walk 26 21.8 55 46.2 33 27.7 5 4.2 

play games after school 
Car 10 10 35 35 40 40 15 15 

Walk 16 13.4 36 30.3 46 38.7 21 17.6 
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6.5.6 Factors Associated with the Promotion of Active Commuting 

Table 6.6 Children's likes/dislikes about walking to school and views on how it could 
he made better 

Children walking to school 
Like about walking No % 

travel with an adult 6 21.4 
choose own route 4 14.3 
arrive on time 4 14.3 
do things on way to school 5 17.9 
do things after school 2 7.1 
talk to friends 10 35.7 
saves money 6 21.4 
enjoyable 10 35.7 
feel healthier 19 67.9 
better for the environment 10 35.7 

Dislike about walking No % 
too much traffic 8 28.6 
traffic too fast 6 21.4 
afraid of accidents 5 17.9 
too much to carry 6 21.4 
narrow pavements 2 7.1 
not enough crossing places 3 10.7 
being bullied 4 14.3 
approach of strap ers 14 50 
get wet 15 53.6 
too far 1 3.6 
other 3 10.7 

Make walking to school better No oho 
wider pavements 4 14.3 
cleaner pavements 12 42.9 
better lighting 5 17.9 
less traffic 10 35.7 
slower traffic 6 21.4 
school lockers 6 21.4 
encourage more children to walk 7 25 
no cars in school ground 7 25 
more school crossing patrols 3 10.7 
safer places to cross the road 7 25 
training to cross the road safely 1 3.6 
entrance away from cars 1 3.6 
nothing/too far to walk - - 
nothing/parents not allow walking - 
other - 

Fifty-four children (sixteen boys (29.6 %) and 38 girls (70.4 %)) who walked to 

school and their parents responded to questions on how to improve walking to school 
(Appendix 9). While almost three-quarters of children who walked to school (68%) 

thought it healthier to walk, only 37.5% viewed walking as enjoyable and providing 

an opportunity to talk to friends (Table 6.6). Children were questioned as to the things 
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they most disliked about walking to school and had to choose three responses only 
from eleven possible reasons. The greatest dislike of children was getting wet almost 

half (53.6%) chose this reason. The approach of strangers' was the second thing they 

most disliked about walking to school (50%). For 28.6% of children too much traffic 

was the third thing they most disliked about walking to school. When asked how 

walking to school could be made better, 42.9% of children viewed cleaner pavements 

as the most important factor and then less traffic (35.7%). 

Tnhie 6.7 Places visited by children after school 
All Children travelling Children walking to 

by car school 
No % No % No % 

Places to go after school 

clubs inside 1-2 days 29 53.7 12 46.2 17 60.7 

school 2-3 days 3 5.6 2 7.7 1 3.6 
Every days - - - - - - 

clubs outside 1-2 days 14 26 9 34.6 5 17.9 

school 2-3 days 3 5.6 1 3.8 2 7.1 
Every days 1 1.9 1 3.8 - - 

leisure centre 1-2 days 10 18.5 4 15.4 6 21.4 
2-3 days - - - - - - 

Every days - - - - - 
public park or 1-2 days 6 11 2 7.7 4 14.3 

playground 2-3 days 1 1.9 1 3.8 - - 
Every days 1 1.9 - - 1 3.6 

play outside 1-2 days 5 9.3 3 11.5 2 7.1 
home 2-3 days 3 5.6 1 3.8 2 7.1 

Every days 1 1.9 - - 1 3.6 

relative's home 1-2 days 6 11 2 7.7 4 14.3 
2-3 days 2 3.7 1 3.8 1 3.6 

Every days - - - - - - 
friend's home 1-2 days 9 16.7 3 11.5 6 21.4 

2-3 days 2 3.7 - - 2 7.1 
Every days - - - - - - 

other 1-2 days 8 14.8 4 15.4 4 14.3 
2-3 days 1 1.9 1 3.8 - - 

Every das 2 3.7 2 7.7 - - 

Table 6.7 shows the frequency of places visited by children after school. Clubs inside 

school were most commonly frequented by children who walked to school 60.7% and 

those who travelled to school by car 46.2%, and were attended on 1-2 days per week. 

More than one-third of children 34.6% who travelled by car, joined clubs outside 

school compared to less than one-fourth 17.9% of children who walked to school. The 

latter went more often to leisure centres and public parks than children who travelled 

to school by car (21.4% vs. 15.4%, 14.3% vs. 7.7%, respectively) at least once per 

week. 

116 



Table 6.8 Parents' stated reasons for not allowing their children to walk to school 
Children go in by car 

Reasons for not walking to school Number of children No % 
Traffic danger strongly agree 6 23 

tend to agree 7 27 
neither agree nor disagree - - 
tend to disagree - - 
strongly disagree - 

Crime danger strongly agree 7 27 
tend to agree 2 7.7 
neither agree nor disagree 1 3.8 
tend to disagree 2 7.7 
strongly disagree 1 3.8 

Long distance strongly agree 6 23 
tend to agree 4 15.4 
neither agree nor disagree 2 7.7 
tend to disagree 4 15.4 
strongly disagree - - 

Weather strongly agree 3 11.5 
tend to agree 5 19.2 
neither agree nor disagree 3 11.5 
tend to disagree 2 7.7 
strongly disagree - - 

Working parents strongly agree 13 50 
tend to agree 2 7.7 
neither agree nor disagree - - 
tend to disagree 2 7.7 
strongly disagree - - 

Other strongly agree 3 11.5 
tend to agree - - 
neither agree nor disagree - - 
tend to disagree - - 
strongly disc ree 

Parents of children who did not walk to school were asked to indicate how much they 

agreed or disagreed with six items representing reasons for not allowing their children 

to walk to school (Table 6.8). Half indicated that it was more convenient to drop their 

children off at school by car on their way to work than allow them to walk. More than 

a quarter of parents 27% whose children travelled to school by car cited the danger of 

crime as the second most important reason for not allowing their children to walk, 

followed by traffic danger and the long distance as other major reasons. 

6.6 Summary of Key Findings 

" Children who walked to school recorded more activity counts than those who 

travelled by car but this difference was not statistically significant. Only when 

travelling to school and in the hour after school were significant differences in 

activity identified. 
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" Children who travelled to school by car spent more time after school on 

sedentary activities than children who walked. 

" Environmental perceptions neighbourhood safety was similar between 

walkers and car users. 

" Active commuting children perceived their parents' view of safety in the local 

neighbourhood more positively than children who travelled by car. 

6.7 Discussion 

The purpose of this part of the study was to investigate the association between the 

children's overall physical activity and mode of to travel to school. The study found 

that children who walked to school were more active during weekdays than those who 

travelled by car, but these differences were not statistically significant. Hourly activity 

patterns demonstrated that children who walked to school were significantly more 

active on the way to school and after school when they would be expected to be 

travelling home than were car users. Similar results have been reported for children 

in English primary schools, where walking to school was associated overall with 

higher daily physical activity levels (Cooper et al., 2003). Similarly, Danish children 

of the same age, walking to school was associated with higher overall activity 

compared with travelling by car (Cooper et al., 2005). A nationally representative 

survey in the Russian Federation, omission of active commuting to school resulted in 

a decrease of 12% to 20% in the prevalence of 10-year-old children meeting health- 

related physical activity guidelines (Tudor-Locke et al., 2002). 

The results showed that children who travelled to school by car spent significantly 

larger percentage of after school time carrying out sedentary activities, such as 

homework, reading, chatting, hanging around and sitting, than children who walked to 

school. Boys who walked to school spent a significantly greater proportion of their 

time participating in activity behaviours than boys who were taken to school by car. 

Girls who walked to school spent a significantly more time on going out and less time 

in sedentary activities than girls who travelled to school by car. 
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Reilly et al. (2004) found that major differences in activity occurred after school in 

outdoor play/games, suggesting that active commuting may have acted as a catalyst 

for increasing informal and spontaneous aspects of physical activity. 

While children in the present study who walked to school showed a larger perception 

about neighbourhood safety than children who travelled by car, their different 

opinions were not statistically significant. On the other hand, there were very similar 

agreements between the travel groups about ability to play out in their neighbourhood, 

permission from their parents to go out and no concern to be back by a certain time. 

Furthermore, Scott et al. (2000) studied the impact of risk and parental anxiety on 

Scottish children aged 9-15 years and found that most children perceived risk to exist 

in the public arena (e. g. on the street, in parks, at a dance, at school), rather than at 

home. Perception of risk was inversely related to distance from home and protection 

of parents. Unlike their parents, children younger than 13 years made no connection 

between strangers and sexual risk, and instead were concerned about the risk of 

abduction, physical violence or murder (Scott et al., 2000). There is little empirical 

evidence that demonstrates direct associations between concerns about `stranger 

danger' and children's physical activity. No associations were found between 

adolescents' concerns about strangers and walking or cycling among children in the 

study by Carver et al., (2005). Among those adolescents, 39% of boys and 40% of 

girls were worried about strangers, while 16% of boys and 18% of girls were worried 

about older youths. For adolescent girls, however, perceived interaction with 

neighbours and friends was positively associated with walking to school and other 

neighbourhood destinations (Carver et al., 2005). While those findings are in 

accordance with the results of the study, it may reflect that most studies have 

examined neighbourhood safety and have focused on perceptions of safety rather than 

objective measures. Other research suggests such social interaction may contribute to 

a sense of safety (Valentine, 1997; Burman et al. 2000). Although relatively few 

studies have examined the influence of the neighbourhood environment on children's 

physical activity, most consider some aspect of neighbourhood safety. In a 

comprehensive review of physical environmental influences on children's physical 

activity (Davison and Lawson, 2006), positive associations were identified between 

children's physical activity and pedestrian safety, access to and availability of 
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recreational facilities, as well as availability of public transport. In contrast, traffic 

volume and local crime were negatively associated with children's physical activity 

(Davison and Lawson, 2006). 

The study found that the children's major concern about walking to school was fear of 

getting wet which is related somewhat to the weather which was cited by parents as 

the least important reason for not walking to school. While that finding may at first 

appear surprising, it may be a sign of disagreement between children's and parents' 

promotion of active travel. However the results indicated that children and parents are 

in agreement concerning stranger approach and heavy traffic as factors affecting their 

choice of travel mode. 

Two empirical studies have examined both perceived and objective measures of 

neighbourhood safety and their associations with adolescents' physical activity 

(Gomez et al, 2004; Molnar et al., 2004). While neither study focused specifically on 

`stranger danger', the first examined violent crime (which may include attack by 

strangers) in the neighbourhood (Gomez et al., 2004), and the second study measured 

physical- and social disorder, as well as perceptions of the neighbourhood as a safe 

place to play (Molnar et al., 2004). Another study of Hillman et al. (1991) found that 

over 40% of English parents restricted schoolchildren aged 7-11 years from coming 

home alone from school because of traffic danger, while around 20% of parents 

enforced this restriction due to fear of assault or molestation by an adult. These results 

signified that parents may be more concerned about road safety than about `stranger 

danger' which confirmed the results of the study. Active commuting may be 

influenced by parental perceptions of local road safety, as well as the occurrence of 

accidents within the neighbourhood. For example, two Australian studies found that 

parental perceptions of unsafe road environments were negatively associated with 

walking and cycling among 10-12-year-olds (Timperio et al., 2004) and adolescents 

(Carver et al., 2005). 

Working parents was, clearly, a major factor for parents' choice to drive their children 

to school. This in turn may result in fewer children walking to school, but the 

subsequent increase in traffic volume highlight road safety fears thus creating in the 

future more children to be active commuting. Road safety is, clearly, a concern for 

120 



both parents and children (Hillman et al., 1991; Mullan, 2003; Timperio et al., 2004), 

but few studies have compared perceptions of parents with those of their children. 

One such study (Timperio et al., 2004) found that Australian children aged 10-12 

years were less concerned about road safety than their parents. However, parental 

perceptions rather than children's perceptions of road safety had stronger associations 

with children's walking and cycling in the neighbourhood suggesting that parents 

influence and/or control these behaviours. The study by Hillman et al. (1991) 

demonstrated that parents' concerns about road safety resulted in the restriction of 

children from coming home from school on their own. However, the level of concern 

is greater among children than parents in this study which is inconsistent with the 

results of Timperio et al., (2004). Though, that parental promotion of active travel 

more strongly related with their concern about crime danger. The findings indicate 

that parents' and children's perceptions of the local neighbourhood environment may 

potentially be an important influence mode of transportation choice, by children or by 

parents. 

Strengths of this part of the study include the focus on environmental factors among 

adolescents, but limitations should be pointed out. First socio-demographic variables 

were not used in the analysis and have been shown that higher socioeconomic status 

was related to a more "activity-friendly" environment (Bourdeaudhuij et al., 2003). 

Secondly, the cross-sectional design and the perceived environmental measures used 

in this study did not allow us to address the direction of the causality. Prospective 

studies along with the assessment of socioeconomic status and incorporating both 

objective measures of the environment and perceptions of the environment can give 

additional support for physical activity-related environmental studies. Furthermore, it 

will be worthy to evaluate the relation of environmental variables to activities within 

domains such as transportation and leisure time as well as different purposes and 

intensities. 
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CHAPTER SEVEN 
DISCUSSION, IMPLICATIONS 

AND CONCLUSIONS 

II 
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7.1 Introduction 

This chapter reviews the study in brief, summarising the key findings in relation to the 

literature. It also discusses the implication of the findings for the encouragement of 

physical activity among 9-11 years old children. The chapter highlights the strength 

and the contributions of the study besides the limitations in research methodology of 

this study. Finally, recommendations for future research are proposed as it relates to 

the issue of promoting physical activity in primary schools in England. 

7.2 The Study in Brief 

The study was a cross-sectional survey, investigating levels, influences and patterns 

of physical activity and their association with defined environmental factors among 9- 

11 year old children. The main findings of this study were: 

7.3 Findings and Implications 

1. There was no difference in physical activity levels between children attending 

most of the schools in this study. One school was found to differ from the rest, and, in 

agreement with the literature, was markedly smaller with lower pupil numbers than 

the others. 

These data suggested that there was no consistent association between school size and 

resources/facilities and the children's physical activity levels. Only in the smallest 

school was activity significantly lower, in agreement with Zask et al. (2001), who 

reported that school size and length of recess were identified as correlates of higher 

engagement in physical activity by children. These data indicate that any effect the 

school may have on physical activity is not mediated by easily observable, macro- 

level factors, but may instead be down to more intangible aspects such as the 

motivation of teachers. 
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2. Activity levels during the school day were, in most schools, significantly higher 

than levels out of school, despite children being in class (and usually seated) for most 

of the school day. The source of the higher activity was during break times, when the 

children were more active than at any other time during the day. 

As the children in most schools were more active during the school times than out of 

school times, the present study suggested that manipulating the school day, for 

example by increasing the length or number of break times, may be a means of 

increasing children's physical activity. In contrast, the reduction or loss of break 

times, for example due to shortages of supervision or fears of bullying in the 

playground, may have significant negative impact on children's activity. 

The proposed extension of the school day, to encourage the children to have more 

access to a wide range of fun and challenging opportunities at school, may be a useful 

way in which to increase physical activity. Children and young people need to 

experience a wide range of formal and informal activities both in and out of school 

from walking to school, and active free play in well-maintained open spaces. 

Department of Health (2005) have developed a core set of services that they would 

like to see available in all primary. For primary schools, the core offer of services 

includes sport and outdoor activities (as part of study support), swift, easy referral to 

specialised support services for pupils (health, social care), parenting support and 

wraparound childcare. 

The study implicated that children need more encouraged building activity into their 

daily lives through play, Physical Education, and sport. Physical activity and sporting 

opportunities, including a variety of outdoor education experiences, have to be an 

important and essential part of the day for every child. That means that all children 

and young people have access to a wide range of fun and challenging opportunities 

both in school, and their local community. There is now corresponding action across 

government working to ensuring all children have opportunity to a wide range of 

enjoyable, health-enhancing activities. The Choosing Health White Paper delivery 

plan (Department of Health, 2005) set out a commitment that half of all schools will 

be healthy schools by 2006, with the rest working towards healthy school status by 

2009. Physical activity will be incorporated as core elements of the Healthy Schools 
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programme and this will help to ensure schools provide and prioritise time and 

facilities for physical activity and sport both within and beyond the curriculum. 

3. In contrast to a number of publications, walking to school was not associated with 

statistically significantly higher levels of overall pa when compared with children 

travelling by car. However, when analysed on an hourly basis significantly higher 

levels of activity were found in children who walked to school during the journey to 

school, and in the period immediately after school. Physical activity diaries 

demonstrated that in this period children who walked to school were carrying out 

more activities than those who travelled by car. 

The results indicated that there were no significant difference between children who 

walked to school and children who travelled by car in overall physical activity. These 

results are in agreement with a study by Cooper et al (2003), who found that male 

youth who walked to school were significantly more physically active during the 

entire day and during after school hours than were boys who did not walk to school. It 

was concluded that using accelerometers to assess primary school aged walking and 

cycling to school was associated with higher levels of physical activity, but only some 

of this increase was attributable to the journey itself. Similarly, a study that was 

conducted in Cebu, Philippines found that active commuting to school was associated 

with increased physical activity in a cross-section of adolescents (Tudor-Locke et al 

2003). 

Although the differences in overall physical activity levels associated with active 

travel were smaller in this study than others (Cooper et al., 2003; Tudor-Locke et al., 

2003; Sirard et al., 2005), increased activity was associated with journey times. The 

present study indicated that children who walk to school, especially boys, reported 

spending a greater proportion of their after school period taking part in structured 

sporting activities such as football, rugby and tennis than children who were driven to 

school by car. Children who travelled by car spent more time in sedentary activities, 

such as reading, studying, chatting, and resting. The different activities carried out by 

the active travellers suggest that the journey to school provides an opportunity for 

greater free play, even though this is not reflected in higher overall physical activity in 

this study. The development more pedestrian friendly neighbourhoods around homes 
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and schools may build on this to further improve children's activity levels. 

4. This was the first study to investigate the correlates of active travel. No 

differences were seen in environmental perceptions neighbourhood safety between 

children who walked to school and those who were driven. Children who walked to 

school had positive views about walking, particularly with regard to health, but saw 

safety as the main negative concern. The parents of children who were driven to 

school gave safety (traffic danger, crime), distance to travel, and fitting in with work 

requirements as the main reasons for driving children to school. 

As this was the first study to investigate the correlates of active travel, therefore more 

research is needed to find the association between children perceptions and active 

commuting using both objective measures of the environment and perceptions of the 

environment. Children's travel may be more strongly influenced by traffic safety 

concerns. Thus, designing neighbourhoods to facilitate walking to school appears to 

have health related benefits for children. Recommendations add to the rationale for 

changing policies to favour or require building neighbourhoods that support physical 

activity. Policies that encourage the building or renewal of schools in the middle of 

existing neighbourhoods rather than placing them on busy streets on the edge of 

communities could make active commuting accessible to more children. That means 

that children have access to a wide range of fun and challenging opportunities both in 

school and their community, to attempt the barriers that reduce active commuting, for 

example, lack of means of safe travel, traffic danger, crime danger and absence of 

play areas. 

The present study found that aspects of health and enjoyment may influence 

children's active commuting to school. The consistency of most findings among the 

children who walked to school confirms the importance of these issues, and highlights 

that getting wet, approach of strangers and too much traffic may be important 

strategies for decreasing active commuting to school. While cleaner pavements and 

less traffic are the most important factors to improve active commuting. 

These results involve understanding the factors that explain children's walking and 

biking to school that could contribute to the development of effective interventions to 
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increase these behaviours, which in turn could improve the health of young people. 

These interventions may suggest developing more pedestrian friendly neighbourhoods 

around homes and schools and increasing awareness of such supportive environments. 

Results indicate that children's active commuting to school is significantly influenced 

by their parents' travel mode to work which could be the reason for the decline in 

walking trips to school that more women with children were joining the work force 

(Transport Data Centre, 2001). Convince was sighted by half (50%) of parents who 

were driven their children to school while frequent active commuting was also 

associated with parents' perceived in the neighbourhood environment. The results 

identify the specific environmental factors that are associated with parents' concerns 

about travel mode choice. Such factors include crime danger, traffic danger, and long 

distance. These factors are in accordance with several studies. For example, a study in 

Australia found that parental perceptions of the neighbourhood were associated with 

walking and cycling to school among 10-12-year-olds (Timperio et al., 2004; 

Timperio et al., 2006). Parental concerns were related to important safety issues such 

as presence and quality of walking and biking facilities as well as traffic danger. Thus, 

interventions that tried to change parental perceptions about their children's active 

commuting without ensuring the safety of the neighbourhood could endanger 

children's safety. 

There is a lot of work already being done by schools, local transport and education 

authorities, and parents. Walking buses is one example, is one of the good idea for 

working parents, the scheme is children are collected from along a pre-arranged route 

at an agreed time and escorted to school by volunteers who have been vetted as 

suitable to work with children. If children live too far from the school to walk all the 

way, their parents can drop them off at a convenient meeting point, and they are then 

escorted to school as part of a group. This may make it impractical for them to walk 

with their child every day. Another example is Cycle train, which is a similar idea to 

the walking bus concept; the cycle train involves a group of parents and pupils cycling 

to school together. 
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7.3 Strengths & limitations of the Thesis 

The strength of the thesis was the use of both objective and subjective methods to 

investigate activity levels, behaviours and correlates in a substantial sample of 

children. However there were a number of limitations that should be discussed. 

7.3.1 Design Limitations 

Due to the cross sectional nature of the study, no inferences of causality can be made 

between activity patterns and any associated determinants. As the thesis design, it 

would benefit from additional data collected later over time, which will provide more 
information regarding the leisure patterns of physical activity in children as well as 

better describe the role of structured and unstructured opportunities for the children to 

engage in physical activity. 

As activity was only sampled for one week, it is impossible to determine whether the 

sampled week was representational of children's life and activity patterns. The survey 

was conducted during the summer term, and so can only be considered to be 

representative of a typical school week's activity at that time of year. 

All of the results of this thesis are descriptive and provide a picture of the activity 

habits of the small group of children surveyed. For this reason, the results cannot be 

generalised to a wider population of children. The sample was not random, as only 

those schools that had agreed to take part in the study were used and these were 

selected by convenience of location. To minimise bias, the only exclusion criterion 

was lack of parental consent within each school, and sample bias may still have been 

present. 

This thesis was focused on children at the end of primary school age. This age group 

could change their habits as they move to high school. In addition to a lack of 

emphasis on children's age, the role that parents play in regulating children's use of 

the physical environment has not been considered in research to date. Consequently, 

the assumption is generally that there is a direct link between the environment and 
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children's physical activity. This is unlikely to be the case given children's lack of 

decision autonomy and the role that parents play as gate-keepers to children's use and 

exploration of the physical environment surrounding their homes. Research shows 

that parents' decisions about their children's independent mobility are influenced by a 

number of factors, such as their perception of the safety of the area, neighbourhood 

relations, and proximity to a park (Prezza et al., 2001). Research design and 

techniques need to link quantitative and qualitative data to successfully understand the 

nature of parents' decision-making processes and their willingness to allow their 

children to participate in physical activity under a combination of environmental 

attributes. The perceived environment should also be taken into consideration because 

people. '. s perceptions may, in fact, motivate their behaviour more than the actual 

situation itself. 

7.3.2 Methods Limitations 

The measurement methods employed in this study were selected on the basis of 

previous validation (Janz, 1994; Reilly and Dorosty, 1999), but all have limitations. 

For example, accelerometers are not suitable for wearing in water, so some data may 

not have been recorded, e. g. during swimming and the children may have changed 

their behaviour because they knew their activity was being measured. Self-report 

measures are limited by the subjectivity inherent when individuals are asked to 

respond to questions about their own behaviour. The issues of recall errors, deliberate 

misrepresentations, social desirability and other biases are particularly important 

when dealing with children. 

7.4 Recommendations for Future Research 

Future work could enhance understanding of this important topic by assessing both 

perceived and objective characteristics of the environment, including objective 

measures of children's physical activity and the physical environment, adopting 

longitudinal designs, assessing the interaction between various environmental factors, 

and examining the important role that parents play in children's use of the physical 

environment. 
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Further research is needed to confirm the influence of such factors as parental 

concerns about safety from teenagers, strangers and road traffics. The findings of the 

present study regarding parental concerns about road safety, suggest that further study 

of both objective and perceived characteristics of streets (e. g., traffic volume and 

street topography and street design), may have important implications in future urban 

planning. Future studies may also benefit from exploring children's attitudes to 

outdoor play and the impact of social networks (e. g., availability of other children to 

play with) on children's play behaviours, and playground equipment design. Integral 

to a greater understanding of influences on children's active free-play will be the 

inclusion of children in future studies, the quantitative assessment of these ecological 

influences in a larger sample, and the use of objective measures of children's physical 

activity. 

Previous studies have suggested that active commuting to school may promote a more 

physically active profile in children (Tudor-locke et al., 2002; Tudor-locke et al., 

2003), especially boys (Cooper et al., 2003), and this study investigated whether 

children who actively commute to school carry out different physical activity 

behaviours to children who are driven to school. Further research is now needed to 

determine which factors influence a child or parent's decision regarding the mode of 

transport taken to school and how behavioural interventions could be developed and 

implemented to encourage active commuting to school. 

7.5 Conclusions 

It is clear that studying children's physical activity is important for their present and 

future health consequences and requires further attention. The present findings 

suggest that the majority of girls and boys aged 9-11 years in a selection of Southern 

English primary schools are sufficiently active for health benefits. However, it is 

necessary to intervene and attempt to increase their physical activity levels according 

to the UK guidelines to meet the international recommendations. For successful 

interventions to occur, specific individuals that are inactive need to be identified 

whereas, the identification of determinants of children's physical activity behaviour is 

also essential. 
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APPENDIX 1.1 Head Teacher Letter 

Dear Head teacher 

We are writing to ask your help with a study being carried out by the University of 

Bristol. There is increasing concern about the lifestyle of children today. In particular 

we believe that children are not as physically active as they were in the past, and that 

this is contributing to health problems such as obesity, coronary heart disease, and 

poor muscle and bone development. We have been working with schools for several 

years on improving the accuracy of measurement of children's physical activity. 

To help continue this important work, we would like to invite your school to take 

part in our latest project. We would need children from year 5 to be our 

subjects. If you agree to participate in the study: 

1. A letter with information about the study and the involvement of the parents 

will be send to the head-teacher to be distributed to the parents/carers to take 

their permission for their children's help in this study. 

2. Following receipt of consent the researcher will visit the school at the 

beginning of the week to give a brief explanation to the children about the 

study. All procedures will be explained in language appropriate for the age 

group, and they will be encouraged to ask questions. 

3. The children physical activity will be measured using accelerometers CSA 

monitors, witch are small and light box (the size of a matchbox) that need to 

be worn around the waist and requiring no input from the child or his/her 

parent for a period of one week. The children will be fitted with the CSA 

monitors during the first hour of the school day. The children will be 

instructed: 

" To wear the monitors every day. 

" To put them on first thing in the morning and take them off last thing 
at night. 

" Not to immerse the monitors in water. 
" To wear the monitors around their waist above their left hip 

4. Height and weight of all children participated in the study will be measured by 

the researcher using a standard scales. 
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5. During that week, children will be required on an individual basis to complete 

a computer-based survey that will be available in the school computers. This 

takes 15-20 minutes but can be regarded as a useful educational exercise. 

6. During the same period the children need to complete the activity diaries that 

describe all the activities they perform throughout this week. 

7. The activity monitors and the activity diaries will be collected one week after 

they had been distributed. Each child will be given a number based on the 

anonymous serial number and the school for reference purposes. 

The United Bristol Healthcare Trust Research Ethics Committee granted ethical 

approval for this research. The school will be anonymous in the published results and 

total confidentiality throughout the study is ensured. 

We do hope that you will agree for your school to take part in this important study, 

and are sure that the children will find it an interesting, enjoyable and educational 

experience. If you would like more information please contact the person below at 

anytime: 

Dina Qahwaji 

Exercise and Health Science Research Unit, 

Centre for Sport, Exercise and Health 

Bristol BS8 1TB 

e-mail: d. gahwaji@bristol. ac. uk 

phone: (01454)851596/0781423653 

Thank you very much for your help 
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APPENDIX 1.2 Parents Letter 

Measuring the Physical Activity of Children 

Dear parents/Guardians 

We are writing to ask your help with a study being carried out by the University of 

Bristol. There is increasing concern about the lifestyle of children today. In particular 

we believe that children are not as physically active as they were in the past, and that 

this is contributing to health problems such as obesity, coronary heart disease, and 

poor muscle and bone development. We have been working with schools for several 

years on improving the accuracy of measurement of children's physical activity. The 

United Bristol Healthcare Trust Research Ethics Committee granted ethical approval 

for this research. 

To help continue this important work, we would like to invite your child to take 

part in our latest project. If you agree to participate in the study: 

8. Following receipt of consent the researcher will visit the school at the 

beginning of the week to give a brief explanation to the children about the 

study. All procedures will be explained in language appropriate for the age 

group, and they will be encouraged to ask questions. 

9. The children physical activity will be measured using activity monitors, the 

size of a matchbox that need to be worn around the waist and requiring no 

input from the child or his/her parent for a period of one week. The children 

will be fitted with the activity monitors during the first hour of the school day, 

and will be instructed: 

" To wear the monitors every day. 

" To put them on first thing in the morning and take them off last thing 
at night. 

" Not to immerse the monitors in water. 
" To wear the monitors around their waist above their left hip 

10. Height and weight of all children participated in the study will be measured by 

the researcher using a standard scales. During that week, children will be 
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required on an individual basis to complete a computer-based survey that will 

be available in the school computers. This takes 15-20 minutes but can be 

regarded as a useful educational exercise. 

11. During the same period the children need to complete the activity diaries that 

describe all the activities they perform throughout this week. 

12. The activity monitors will be collected one week after they had been 

distributed, the questionnaire will be collected as well. Each child will be 

given a number based on the anonymous serial number and the school for 

reference purposes. 

We do hope that you will agree for your child to take part in this important study, and 

we are sure that the children will find it an interesting, enjoyable and educational 

experience. If you would like more information please contact the researcher or the 

university at anytime. It is important that we get as many children to take part. Please 

indicate below if you are willing to let your child participate in this study. 

Yes ()I give permission for my son/daughter to take part in the physical activity 

study 
No ()I do not give permission for my son/daughter to take part in the physical 

activity study 

Name of son/daughter --------------------------------------- 
Signature of parent/guardian ------------------------------- 

PLEASE RETURN THIS FORM WITH YOUR CHILD TO SCHOOL BY 

MONDAY 17 ̀h MARCH 

Thank you very much for your help 

You're sincerely 
Dina Qahwaji 
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APPENDIX 2.1 CSA Instructors 

WEARING THE ACTIVITY MONITOR 

9 The monitor should be positioned just above your left hipbone. 

" It is important that the monitor fits tightly against your body. You can wear it 
underneath or over light clothing. Adjust the strap to make sure it is comfortable 
but snug. 

" The monitor can't get wet - please remove it when swimming or showering, 
and put it on again afterwards. 

9 Handle the monitor carefully - try not to drop it, and do not try to take it apart. 

9 Remove the monitor when you go to bed. 

" Remember to wear the monitor every day! This is essential for us to collect 
the information that we need. 
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APPENDIX 3.1 Children's Questionnaires 

ID Number 

UNIVERSITY OF BRISTOL 

Department of Exercise and Health Sciences 

CHILDREN'S PHYSICAL 

ACTIVITY 

QUESTIONNAIRE 
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Please answer these following questionnaires about how active you are in 

everyday life's. To answer simply tick the box which best describes your 
situation. Please answer all questions that you can. 

1. What is your date of birth? 

day month year 
m/m 

2. Are you Boy Girl 

3. How do you usually travel to school? (tick one box only) 

1. By car or motorcycle 

2. By bus or train 

3. By bicycle 

4. Walk 

5. Other 

4. If you walk, on how many days each week do you usually walk? (tick one box 

only) 
1. None 

2. 1-2 days 

3. 3-4 days 

4. Every day 

5. How long does it usually take you to travel to school from your home? (tick one 

box only) 

1. Less than 5 minutes 

2.5 to 15 minutes 

3.15 to 30 minutes 

4.30 minutes to 1 hour 

5. More than 1 hour 
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6. How do you usually travel home from school? (tick one box only) 

1. By car or motorcycle 

2. By bus or train 

3. By bicycle 

4. Walk 

5. Other 

Specify ......................................................... 

7. If you walk home, on how many days each week do you usually walk? (tick one 

box only) 

1. None 

2.1-2 days 

3.3-4 days 

4. Every day 

8. How long does it usually take you to travel home from your school? (tick one 

box only) 
1. Less than 5 minutes 

2.5 to 15 minutes 

3.15 to 30 minutes 

4.30 minutes to 1 hour 

5. More than 1 hour 

9. How far away is the school from your home? (tick one box only) 

1. Less than 'h mile (1 km) away 

2. V2- 1 mile (1-2 km) away 

3.1- 5 miles (2-8 km) away 

4. More than 5 miles (8 km) away 
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10. If you walk to and from school who walks with you? (tick one box only) 

1. You do not walk to school 

2. No one 

3. Your mother/stepmother 

4. Your father/stepfather 

5. Your grandmother/grandfather 

6. Grown-up brother/sister 

7. A family friend 

8. School friend(s) 

9. Other 

Specify ............................................................... 

11. If you walk to and from school with friends, could you write down two names 

of your friends you normally walk with? 

1- ---------------- 2- ------------ ---- 

12. Are they in the same class as you? 

1. Yes 

2. No 

0 

13. Do you usually play with these friends at: (tick all that apply) 

1. Morning break 

2. Lunch break 

3. After school 
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14. What do you/would you like about walking to school? 
Tick up to three things you like/would like the most. 

1. I can travel without an adult 

2. I can choose my own route 

3. It helps me arrive on time 

4. I can do things on my way to school 

5. I can do thing after school 

6. I can talk with friends LI 

7. It saves money 

8. It is enjoyable 

9. It makes me feel healthier 

10. It is better for the environment 

11. Other (specify) 

Specify .......................................................................... 

15. What do you/would you dislike about walking to school? 

Tick up to three things you dislike/would dislike the most. 

1. There are too much traffic 

2. The traffic is too fast 

3. I am afraid of having an accident 

4. I have too much to carry 

5. The pavements are too narrow 

6. There are not enough crossing places 

7. I may be bullied 

8. A stranger may approach me 

9. I get wet when it rains 

10. It is too far to walk 

11. Other (specify) 

Specify .......................................................................... 
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16. What would make walking to school better, or encourage you to walk? 

Tick up to three things that are most important 

1. Wider pavements 

2. Cleaner pavements 

3. Better lighting 

4. Less traffic 

5. Slower traffic 

6. School lockers to leave belongings in 

7. More children to walk with 

8. Cars not entering the school grounds 

9. More school crossing patrols 

10. Safer places to cross the road 

11. Training on how & where to cross the road safely 

12. An entrance away from cars 

13. Nothing - it is too far to walk 

14. Nothing - my parents will not let me 

15. Other 

Specify .......................................................................... 

17. What do you normally do at morning break? (tick one box only) 

1. Sit down (talking, reading) 

2. Stand, walk around 

3. Run around playing games 

18. What do you normally do at lunch break (apart from eating lunch)? (tick one 

box only) 

1. Sit down (talking, reading) 

2. Stand, walk around 

3. Run around playing games 

4. Go home for lunch 
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19. How many days each week do you usually go straight home after school? (tick 

one box only) 

1. None 

2.1-2 days 

3.3-4 days 

4. Every day 

20. If you do not go home straight after school, where do you go? (in each row, 

tick only one box) 

1-2 days 3-4 days every day 

1. Clubs inside school 
1-1 F-I El 

(e. g. dancing, football, chess etc) Please tick and describe ............................. 
2. Clubs outside school 1: 1 Fý F-I 
(e. g. judo, football, swimming etc) Please tick and describe ........................... 
3. Leisure centre F-I LI El 

(e. g. swimming, dancing etc) Please tick and describe ...................... ........... 
4. Public Park or play ground LI R 1: 1 

Please tick and describe .......................................................... ........... 
5. Play outside home EJ 1-1 El 

Please tick and describe ........................................ ............................. 
6. To a relative home 1-1 F1 M 
(e. g. granny's home) Please tick and describe ........................... 
7. To a friends home El Li El 

Please tick and describe ........................................ 
8. Other F] 

............................. 

F-I LI 

Please tick and describe ........................................ ............................. 

21. Which of these is most like you? (tick one box only) 

1. I don't exercise and I don't intend to start 

2. I don't exercise but I might start 

3. I exercise sometimes but not regularly 

4. I exercise regularly but have just started to do so 

5.1 exercise regularly and have for over 6 months 
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22. How often do your teachers talk about exercise in lessons? (tick one box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

23. How often do your teachers organise or play games with you, apart from I'E? 

(tick one box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

24. How often does your teacher tell you to exercise or play sports? (tick one box 

only) 
1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

25. It's up to me when I play games or sport (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

26.1 have more fun playing games and sports than doing other things (tick one 

box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 
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27. Playing games and sports is the thing I like to do best (tick one box only) 

1. Definitely yes (7 

2. Maybe 

3. Definitely no 

28.1 wish I could play more games and sports than I get a chance to (tick one box 

only) 
1. Definitely yes 

2. Maybe 

3. Definitely no 

29.1 usually prefer to watch rather than play games and sports (tick one box 

only) 
1. Definitely yes 

2. Maybe 

3. Definitely no 
L-i 

30. I really like doing PE at school (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

31.1 feel that I am better than most other kids are my age at games and sports. 

(tick one box only) 
1. Definitely yes 

2. Maybe 

3. Definitely no 

32. I feel bad when I get out of breath from running around (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 
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33.1 feel that I can easily keep up with other kids when we are playing games 

and sports (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

34. How often do you stay behind at school to take part in exercise? (tick one box 

only) 
1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

35. How often do you take part in exercise at clubs such as sport clubs, youth 

clubs, scouts/guides etc? (tick one box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

36. How often do you play games outside after school? (tick one box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

37. How often do your friends exercise or play sports with you? (tick one box 

only) 
1. Hardly ever or never 

2. Once or twice a week 

3. Nearly every day 

4. Every day 
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38. How often do YOU ASK your friends to play out or play sports with you? 
(tick one box only) 

1. Hardly ever or never 
2. Once or twice a week 
3. Nearly every day 

4. Every day 

39. How often do your friends tease you for not being very good at exercise or 

sport? (tick one box only) 
1. Hardly ever or never 
2. Once or twice a week 
3. Most days 

4. Every day 

40. How often do your friends ASK YOU to play out or play sports with them? 

1. hardly ever or never 

2. Once or twice a week 
3. Nearly every day 

4. Every day 

41. How often does your mum or dad TELL you to exercise or play sports? (tick 

one box only) 
1. l lardly cvcr or never 
2. Once or twice a weck 
3. Nearly every day 

4. Every day 

42. How often does your mum or dad TAKE YOU to exercise or play sports? 
(tick one box only) 

1. i iardly ever or ncvcr 
2. Once or twice a week 
3. Nearly every day 

4. Every day 
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43. How often does your mum or dad WATCH YOU take part in exercise or 

play sports? (tick one box only) 

1. Hardly ever or never 
2. Once or twice a week 
3. Nearly every day 

4. Every day 

44. How often does your mum or dad exercise or play sports with you? (tick one 
box only) 

1. Hardly ever or never 
2. Once or twice a week 
3. Nearly every day 

4. Every day 

45. How often does your mum or dad tell you that exercise is good for your 

health? (tick one box only) 
1. Hardly ever or never 
2. Once or twice a weck 
3. Nearly every day 

4. Every day 

46. Could you tell us two names of your best friends in your class? 

1. --- 2. ___--------- 

47. What kind of place do you live In? (tick one box only) 
1. In the middle or a city 
2. On the edge of a city 
3. Ina town 
4. In a village 
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48. It is sate to walk or play alone in my neighbourhood during the day. (tick one 
box only) 

1. Definitely yes 
2. Maybe 

3. Definitely no 

49.1 am not allowed to play out because my parents think it's not safe (tick one 
box only) 

1. Definitely yes 
2. Maybe 

3. Definitely no 

50. There are other children near my home for me to go out and play with. (tick 

one box only) 
1. Definitely yes 
2. Maybe 
3. Definitely no 

51. There are playgrounds, parks, or gyms close to my home where I can exercise 

or play sports. (tick one box only) 

1. Definitely yes 
2. Maybe 

3. Definitely no 

52. There is somewhere at home where I can go out and play. (tick one box only) 
1. Definitely yes 

2. Maybe 

3. Definitely no 

53. It is difficult to walk or play near my house because of things like traffic or 

gangs. (tick one box only) 
1. Definitely yes 
2. Maybe 

3. Definitely no 
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54. At school there are playgrounds or fields where I can run around? (tick one 
box only) 

1. Definitely yes 
2. Maybe 

3. Definitely no 

55. I always have to tell my parents where I am when I go out (tick one box only) 

1. Definitely yes 
2. Maybe 

3. Definitely no 

56. If i am going out, I always have to be back by a certain time (tick one box 

only) 
1. Dcfnitcly ycs 
2. Maybe 

3. Definitely no 

57. What time do you usually get up on a school day? (tick one box only) 

1. Before 7.30 

2.7.30 to 8.00 

3.8.00 to 8.30 

4. After 8.30 

58. What time do you usually go to bed on a school day? (tick one box only) 

1. ßcforc 8.00 

2.8.00 to 9.00 

3.9.00 to 10.00 

4. Aftcr 10.00 

59. How many TV sets are there at home? (tick one box only) 

1. None 

2. Only one 
3.2or3 

4. More than 3 
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60. Do you have a TV set in your bedroom? (tick one box only) 
1. Yes 

2. No 

0 

61. How many hours of TV do you usually watch before school? (tick one box 

only) 

1. None 

2. Less than 1 hour 

3.1 to 2 hours 

4. More than 2 hours 

62. How many hours of TV do you usually watch after school? (tick one box only) 
1. None 

2. Less than 1 hour 

3.1 to 2 hours 

4.2 to 3 hours 

5. More than 3 hours 

63. How many hours do you spend playing computer games on a weekday? (tick 

one box only) 

1. Nonc 

2. Less than 1 hour 

3.1 to 2 hours 

4. More than 2 hours 

64. How many hours do you spend playing computer games on a weekend day? 

(tick one box only) 

1. Nonc 

2. Less than 1 hour 

3.1 to 2 hours 

4. More than 2 hours 

You have finished the questionnaire Thank you 

177 



APPENDIX 3.2 Parents' Questionnaire 

ID Number 

UNIVERSITY OF BRISTOL 

Department of Exercise and Health Sciences 

PARENT'S PHYSICAL 

ACTIVITY 

QUESTIONNAIRE 
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THE QUESTIONNAIRE IS DIVIDED INTO FIVE SECTIONS 

" Section A asks about your home 

" Section B asks about your work and how you travel to work 

" Section C asks about your physical activity 

" Section D asks about how your child travels to school 

" Section E asks about your neighbourhood 

The chief child carer should answer this questionnaire. To answer simply tick 

the box which best describes your situation. Please answer all questions that you 

can. 

Mother Weight Height 

Father Weight Height 

Please complete the NUMBERS OF YOUR POSTCODE (not the last 2 

letters) .............................................................................. 

Section A: 

1. What kind of place do you live in? (tick one box only) 

1. In the middle of the city 

2. On the edge of the city 

3. In the town 

4. In a village 

2. Is your home (tick one box only) 

1. Owned 

2. Rented 0 3. Is your home (tick one box only) 

1. Detached house 

2. Semi-detached house 

3. End of terrace/terraced house 

4. Flat/maisonette 

5. Room in someone else's house 
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4. How many cars are there in your household? (tick one box only) 

1. None f-1 

2. One 

3. Two 

4. Three 

5. More than three 

Section B: 

5. Please indicate your employment status (tick one box only) 

Mother Father 
1. Not working 

2. Full time 

3. Part time 

4. Working from home 

5. In education/studying 

6. What is your occupation? 

Mother Father 

"..... 6 ............... "....... 060.5.0006.6.. " 

7. Which group best describes your combined annual household income: (tick 

one box only) 

1. Up to £4,999 

2. £ 5,000 - £9,999 

3. E10,000- £ 14,999 

4. £ 15,000 -£ 19,999 

5. £20,000 - £24,999 

6. £25,000 - £29,999 

7. £30,000 - £39,999 

8. £40.000 or more 

5. £20,000 - £24,999 

7. £30,000 - £39,999 

8. £40.000 or more 
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8. How do you usually travel to work? (tick one box only) 

Mother Father 

1. Public transport 
QQ 

2. Car 

3. Cycle 

4. Walk 

5. Working from home 

6. Other 

Specify --------------------------------- Specify -------------------------- 

9. How do you usually travel home from work? (tick one box only) 

1. Public transport 

2. Car 

3. Cycle 

4. Walk 

5. Working from home 

6. Other 

Mother Father 

Qa 

Specify ---------------------------- Specify ------------- -------- -_ 

10. How long does it usually take to travel between home and work? (tick one box 

only) 

1. Not working/working from home 

2. Less than 15 minutes 

3.15-29 minutes 

4.30-59 minutes 

5. An hour or more 

Mother Father 
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11. How far away is your child's school from home? (tick one box only) 

5. Less than 'h mile (1 km) away 

6.1h -1 mile (1-2 km) away 

7.1 -5 miles (2-8 km) away 

8. More than 5 miles (8 km) away 

Section C: 

Mother 

12. Which of these is most like you? (tick one box only) 

1. I don't exercise and I don't intend to start 

2. I don't exercise but I might start 

3. I exercise sometimes but not regularly 

4. I exercise regularly but have just started to do so 

5.1 exercise regularly 

H 

13. If you do exercise, what types of exercise do you do and how often? (tick one 

box only) 
Regularly Occasionally Never 

1. Visit the gym 

2. Swimming 

3. Cycling 

4. Fitness classes 

5. Running/jogging LI 

6. Walking 

7. Yoga 

8. Martial arts 

9. Other n F1 
Specify .............................................................................. 
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14. How often do you take part in exercise at clubs such as a sport club? (tick one 
box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

Father 

15. Which of these is most like you? (tick one box only) 

1. I don't exercise and I don't intend to start 

2. I don't exercise but I might start ".. 
3. I exercise sometimes but not regularly 

4. I exercise regularly but have just started to do so 

5.1 exercise regularly 

0 

16. If you do exercise, what types of exercise do you do and how often? (tick one 
box only) 

Regularly Occasionally Never 

1. Visit the gym 

2. Swimming 

3. Cycling 

4. Fitness classes 

5. Running/jogging LI F-I D 
6. Walking 

7. Yoga 

8. Martial arts 

9. Other (please write in) ri rl 

Specify .............................................................................. 
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17. How often do you take part in exercise at clubs such as a sport club? (tick one 

box only) 

1. Hardly ever or never 

2. Once or twice a week 

3. Most days 

4. Every day 

Section D: 

18. How does your child usually travel to and from school during school terms? 

(tick one box only) 

a. Winter term 

6. By car or motorcycle 

7. By bus or train 

8. By bicycle 

9. Walk 

10. Other 

Specify ..................................................... 
b. Spring term 

1. By car or motorcycle 

2. By bus or train 

3. By bicycle 

4. Walk 

5. Other 

Specify ..................................................... 
c. Summer term 

1. By car or motorcycle 

2. By bus or train 

3. By bicycle 

4. Walk 

5. Other 

Specify ................................................... 
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19. If your child walks to and from school, who walk with him/her? (tick one box 

only) 
10. My child does not walk to school 

11. No one 

12. Mother/stepmother 

13. Father/stepfather 

14. Grandmother/grandfather LI 

15. Grown-up brother/sister 

16. A family friend 

17. Child's friend(s) from school 

18. Other 

Specify .................................................................. 

20. Who takes decisions about walk to school? (tick one box only) 

1. Child 

2. Parents 

21. Would you allow your child to participate in a Walk to School programme in 

your community? (tick one box only) 

1. Yes 

2. No 

3. Unsure 
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22. If your child does not walk to and from school, why is that? (tick all that 

apply) 

Strongly Tend to Neither Tend to Strongly 

agree agree agree disagree disagree 

nor 
disagree 

1. Traffic danger 

2. Crime danger 

3. Long distances 

4. Weather 

5. Working parents 

6. Other 

Specify ................................................................... 

23. If you drive your child to and from school by car is it: (tick one box only) 

1. On your way to work 

2. Only to take him/her to school 

3. Other 

Specify ................................................................... 

Section E: 

24. Is it safe to let your child walk or play alone in your neighbourhood during 

the day? (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

25. Do you prevent your child from playing outside because you think it is not 

safe? (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 
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26. Are there other children near your home who play with your child (tick one 

box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

27. Are there playgrounds, parks, or gyms close to your home where you can let 

your child exercise or play sports. (tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

28. Is there somewhere at home where your child can go out and play (tick one 

box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

29. At school are there playgrounds or fields where your child can run around 

(tick one box only) 

1. Definitely yes 

2. Maybe 

3. Definitely no 

You have finished the questionnaire Thank you 

Dina Qahwaji 

PhD student 
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APPENDIX 4 

Physical Activity Diary 
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APPENDIX 4.1 Example of the Physical Activity Diary 
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APPENDIX 4.2 

The Physical Activity Codes 

Eating 
El Breakfast, snack, lunch, Dinner / Tea 

Getting ready 
G1 Wash, hair, teeth, make-up, dressing / changing, toilet 
G2 Pack / unpack bag 

Journey 
J1 Bus, car, train 
J2 Walk, Line-up 

J4 Run 

Indoor 
Ii Reading, homework, playing instruments, drawing, writing, puzzles, games, 
library, open presents 
12 Chatting, phoning, listening to music 
13 Playing Nintendo or with PC 

14 Watching TV 

15 Running around, fighting, wrestling 
16 To make a den. To play dens 

Household chores 
Hl Prepare food / drinks / snacks. Washing up, ironing dusting 

H2 tidying, hovering, decorate. 

H3 Gardening, walking dog, shopping 
H4 Wash / dry cloths 

Outdoor 
01 Wandering, hanging / mess around, "didn't do much" 
02 Cycle, play on bike 

03 Skip, catch, walking (e. g., walking to friends house), handstands, hide and seek. 
04 Football, running/racing about, fighting, wrestling, climb 
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Clubs / activities 
Cl Languages, art, choir, music, computer class, theatre class 
C2 Brownies, Guides, Beavers, Scouts, Cubs, Youth club, Air cadets 
C3 Football, Basketball, rounder, cricket, netball, hockey, tennis, athletics, dance, 

judo, rugby 
C4 Swimming 

C5 Horse riding 

Extras 
Fl Day trips 
F2 Cinema, pub, meal out 
F3 Parties, night clubs, concerts 
F4 Matches, tournaments 
F5 Work, e. g. paper rounds 

Other 

B1 Observation - e. g. watching someone play tennis 

B2 To lay / sit / relax / sleep 
B3 Went out / went to friends / someone's house / to the park 
B4 Played inside /outside / upstairs / downstairs / around. Stay in 

B5 Tutor / registration, to see tutor or head 

B6 Visit people e. g. family / or to have visitors 
B7 Go to bed 

B8 Dentist / doctor / hairdressers / church / hospital 

B9 To get something 
B 10 To wait or to queue 
B 11 "went in" 

B 12 Play with something, e. g. Lego 

B13 
B 14 Feedback / cleaning / playing with pets 
B 15 Pick up someone 
B 16 Skating / rollerblading / skate boarding / playing with balls / Frisbee / chess 
B 17 Class detention 

B 18 To put on/ take off monitor 
B 19 Bowling / golf / croquet / skittles 
B20 Not able to read / understand activity, or something very insignificant e. g. open 

eyes 
B21 exercises / sit ups weights 
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B22 office (not well) 
B23 Go to church 
B24 Play pool 
B25 To smoke 
B26 Work experience 
B27 To go to the gym 
B28 Wash car 
B29 To help someone or look after someone (specific activity not stated) 
B30 Put up or take down a tent 
B31 Have photos taken 
B32 To model clothes 
B33 To go on amusements 
B34 To pick fruit 
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