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SUMMARY

The increasing prevalence of child obesity in many developed countries
emphasises the need to promote healthy eating and active lifestyles to children.
Previous research indicates that a peer-modelling and rewards intervention produces

substantial increases in children’s fruit and vegetable consumption. The aim of the

current thesis was to develop an intervention based on the same behavioural

principles to increase children’s physical activity.

In the first instance, it was important to identify a valid, objective measure of
children’s physical activity. In Study 1, the electronic pedometer distinguished
between children’s play activities that ranged from sedentary to very vigorous, and
showed good correspondence with heart rate and self-report measures of effort.

In Study 2, children’s habitual physical activity was measured over the entire
day using pedometers and accelerometers. High-active children were more active than
low-active children during both school-time and leisure-time, suggesting that an

intervention targeting total physical activity throughout the day is most appropriate.
In Study 3, an intervention incorporating peer-modelling (i.e., the Fit n’ Fun

Dudes), contingent rewards, and pedometer feedback was implemented in a school-

setting with 9- to 11-year-old boys and girls as participants. The intervention

produced substantial increases in the physical activity of both boys and girls, which

were well maintained at 12-week follow-up, particularly among the least active girls

in the sample.
In Study 4, the intervention was implemented by parents in the home context

and 9- to 11-year-old girls took part. They showed substantial increases in physical
activity during the intervention and rematned more active at follow-up relative to
baseline. The physical activity of parents also increased following the introduction of

pedometer self-monitoring procedures.

There is great potential for future research to combine the healthy eating and

physical activity interventions to provide a two-pronged approach to preventing child

obesity.
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Obesity in Children

Obesity may be defined as an unhealthy amount of body fat (Jeffrey et al.,
2000). When people are obese their weight is so extreme that it seriously endangers
their health. Obese individuals are more likely to suffer from several life-threatening
chronic diseases including coronary heart disease, Type Il diabetes, colon cancer,
osteroarthritis, respiratory disease, and reproductive disorders. Obesity is additionally
associated with substantial psychological penalties, such as low self-esteem,
stigmatisation, and isolation. The National Audit Office report “Tackling Obesity in
England” (2001) estimated that obesity cost the UK National Health Service at least
half a billion pounds in 1998. The indirect costs of obesity in terms of loss of
economy due to sickness or death may be around 2 billion pounds per year.

Rapidly increasing levels of obesity pose a growing threat to the health of
many of the world’s wealthiest nations. In 1980 just 8% of women and 6% of men in
England were classed as obese. By 1998 these figures had almost tripled to 21% of
women and 17% of men. The prevalence of obesity is also rising in less developed
countries. The urban population of Western Samoa, for example, has one of the
highest prevalence of obesity in the world, with 50% of men and 75% of women

obese (National Audit Office, 2001).

The prevalence of obesity in children is also increasing at an alarming rate. In
a sample of UK 5-year-olds, prevalence rates for overweight and obesity were 19%
and 7% respectively (Reilly, Dorosty, & Emmett, 1999). Bundred, Kitchiner, and
Buchan (2001) observed a highly significant increase in the number of overweight
and obese children in a large sample of 2- to 4-year-olds from the North West of

England. In 1989, 15% and 5% of these children were overweight and obese,



respectively, however by 1998 the figures had increased to 24% and 9%. Comparable
increases in weight however were not present in 1- to 3-month-old infants, indicating
that excessive weight gain occurred during infancy and early childhood. In a more
recent UK study, McCarthy, Jarrett, Emmett, and Rogers (2005) compared a cohort of

2- to 5-year-old children from a longitudinal survey conducted between 1995 and
1998 with a cohort of similar aged children measured in 1987. Central fatness,

assessed by measures of waist circumference, was significantly higher in the
contemporary children compared to the earlier cohort, and the greatest increases were
found among girls. There is also evidence that obesity Is increasing in older children
in the UK. In a sample of 7- to 11-year-olds, 22% of boys and girls were overweight,
and 11% of girls and 12% of boys were obese. These figures differed significantly
from the expected values of 15% for overweight and 5% for obesity, relative to

British children in 1990 (Rudolf, Sahota, Barth, & Walker, 2001).
Obese children are more likely to be obese in adulthood than are nonobese

children (Serdula et al., 1993) and this likelihood increases among older children
(Whitaker, Wright, Pepe, Seidel, & Dietz, 1997). Furthermore, there are specific
health costs associated with being obese as a child, for example, vascular dysfunction

(Woo et al., 2004). Overweight children and adolescents are at greater risk of having
cardiovascular risk factors, such as elevated levels of total cholesterol, than are
normal weight children (Freedman, Dietz, Srinivasan, & Berenson, 1999). The first
cases of type 2 diabetes in obese adolescents have recently been reported in the UK
(Drake, Smith, Betts, Crowne, & Shield, 2002).

Evidence suggests that obesity is associated with impaired self-esteem in
children and adolescents, most notably for girls. Over a 4-year period, global self-

esteem decreased among obese girls such that, by 13 to 14 years of age, they had



significantly lower self-esteem than their nonobese counterparts. A similar trend was
observed for boys but effects were milder (Strauss, 2000). In preadolescent children,

overweight and obese girls showed significantly lower physical appearance and

athletic competence self-esteem and were less likely to be peer nominated as

attractive compared to normal weight girls (Phillips & Hill, 1998). Additional
psychosocial costs of child obesity include repeated bullying and verbal abuse (Pierce

& Wardle, 1997) and negative attitudes towards obese children appear to form at a
young age. In one study, 9-year-olds rated figures of obese children as having fewer
friends, reduced academic success, and lower health status in comparison to thin
figures (Hill & Silver, 1995).

Obesity in childhood also has implications for adult health. Must, Jacques,
Dallal, Bajema, and Dietz (1992) demonstrated that mortality from all causes, and
from coronary heart disease, stroke, and colorectal cancer, was greater amongst men

who were overweight as adolescents compared to those who were lean. In addition,
overweight in adolescence increased the risk of morbidity for several conditions in
men and women. These increased risks were independent of adult weight. Therefore
being obese during childhood may seriously compromise health in later life, even if
excess weight is lost in adulthood.

The increasing prevalence of obesity in children and the immediate and future
health costs emphasise the great importance of preventing and treating obesity at a
young age. In order to do so, however, it is important to consider the causes behind
this “epidemic” of obesity.

Obesity develops because of a positive energy imbalance, where energy intake

exceeds energy expenditure (Dietz, 2004; Epstein, Coleman, & Myers, 1996). Intake



and expenditure comprise eating and physically active behaviours, which may be

targeted through intervention. Dietz and Gortmaker (2001) thus argue that:

The only discretionary elements of energy balance are food intake and the
energy spent on activity. To prevent obesity in children and adolescents,
therefore, focus must be placed primarily on factors within family, school, and
community environments that affect food intake and physical activity. (p. 340)

Research reviewed by Lobstein, Baur, & Uauy (2004) indicates that an
individual’s chances of being obese are increased when he or she has obese relatives

and thus a genetic predisposition could account for a substantial amount of the

variation in obesity. Whitaker et al. (1997) found that both obese and nonobese

children were at greater risk for obesity as adults if at least one parent was obese, an

effect most pronounced among children under 10 years of age. However, because the
gene pool has not changed substantially in recent years (Dietz, 2001), genetic factors
alone are unlikely to be the primary reason for rising levels of obesity.

An alternative hypothesis is that genes for obesity are expressed when the

environment allows and supports their expression (Lobstein et al., 2004). Wardle,
Guthrie, Sanderson, Birch, and Plomin (2001) found that nonobese children of obese
parents had higher preferences for fatty foods and sedentary behaviours than did
children of lean parents. The former group represent children at high risk of obesity in
later life, and it is possible that their early diet and physical activity preferences play a
causal role. Wardle et al. argue that these diet and physical activity preferences may
be inherited, but their expression will depend on the permissiveness of the
environment. An environment that makes high-fat food and opportunities to be

sedentary widely available would place susceptible individuals at risk of positive

energy balance and subsequent weight gain.



However modern industrialised societies appear to have developed in exactly
this way. Food and drink are readily available and extensively marketed. Eating
outside of the home is becoming increasingly popular, with food eaten out tending to
be higher in fat than food consumed at home. There has been a reduction in

occupational exercise, an increase in energy-saving devices, and wider car ownership

(National Audit Office, 2001). With relevance to young people, the amount of
physical education has been reduced in many schools, cycling and walking to school
are less frequent behaviours, and unsupervised playing in the street has been curtailed
by safety concerns (Boreham & Riddoch, 2001). It has been suggested that such

“obesogenic” aspects of the environment are not consistent with human genetic

makeup. Lobstein et al. (2004) propose that:

Human metabolism evolved under very different conditions with a sparse and
erratic food supply and huge physical demands for survival, which has
selected individuals with a ‘thrifty’ genotype. This genotype is ill-suited for
the modern world. Excessive fat storage, leading to obesity, is the default
situation unless specific action is taken. (p. 45)

Indeed, Egger and Swinburn (1997) propose that obesity should be regarded
as a normal response to an abnormal environment.

Survey data are suggestive of adverse effects of the obesogenic environment
on children’s diet and physically active behaviours. For example, in the UK, children
show very low consumption of fruit and vegetables. The National Diet and Nutrition
Survey showed that, in a typical week, more then half the young people in the survey
had not eaten any citrus fruits, any leafy green vegetables, or any raw tomatoes.
Furthermore, 4- to 6-year-olds consumed an average of just two portions of fruit and
vegetables a day (Gregory & Lowe, 2000). More recent fi gures showed that the most

commonly eaten foods in a sample of British 7-year-olds were white bread, biscuits,



potatoes with fat (roast, fried, chips), savoury snacks, and chocolate confectionary.

Over 3 days of dietary assessment, 16% of boys ate no fruit and 10% ate no
vegetables. Among girls, 12% ate no fruit and 5% ate no vegetables (Glynn, Emmett,

& Rogers, 2005).

Current UK guidelines recommend that young people aged between S and 18
years participate in physical activity of at least moderate intensity for 1 hr per day

(Biddle, Sallis, & Cavill, 1998). However, the National Diet and Nutrition Survey
(Gregory & Lowe, 2000) showed that 30% of boys, and 51% of girls aged between 7
and 10 years were failing to meet these guidelines. These proportions increased to
56% of boys and 69% of girls during adolescence. Furthermore, it appears that
children’s free time, traditionally spent in active play, is increasingly being spent on
sedentary pursuits. A decline in physical activity levels from childhood into
adolescence is paralleled by an increase in sedentary behaviours, such as watching
television (Department of Health, 1998). When given equal access to sedentary or
physically active alternatives, children reliably chose to be sedentary (Epstein, Smith,
Vara, & Rodefer, 1991). Research indicates that increased television viewing and
reduced physical activity are associated with higher levels of body fat among children
(Jago, Baranowski, Baranowski, Thompson, & Greaves, 2005; Janz et al., 2002).
Indeed, excessive television viewing has been prospectively related to obesity (Dietz

& Gortmaker, 1935), and it was recently shown that watching television for more
than 8 hr per week when aged 3 years is independently associated with obesity risk in
later childhood (Reilly et al., 2005).

Rising levels of obesity are therefore highly correlated with an increasingly
obesogenic environment, that is, one that encourages not only a preference for high

calorie foods but also sedentary behaviour. As stated previously, food intake and



energy expenditure through physical activity represent two key behaviours to be
targeted in the prevention and treatment of obesity. In support of this, Woo and
colleagues (2004) found that obesity-related vascular dysfunction in children was
partially reversed with dietary modification alone, but effects were significantly
enhanced by the addition of an exercise-training programme. Children continuing to
exercise over a 1-year period showed beneficial changes in body fat content and
further arterial improvements. In a study on family-based treatment for childhood
obesity, children who received an aerobic or lifestyle exercise programme in addition
to dietary intervention showed superior maintenance of weight loss at 10-year follow-
up than children who received the same dietary intervention but with a low-
expenditure “placebo” exercise programme (Epstein, Valoski, Wing, & McCurley,
1994). This provides evidence that the inclusion of an exercise programme enhances
the effects of diet interver}tions with respect to reducing and maintaining body weight
(see also Yamanouchi et al., 1995). Such findings demonstrate the importance of

targeting both food intake and physically active behaviours in the prevention and

treatment of child obesity.

Increasing Fruit and Vegetable Consumption in Children

One mechanism by which food intake may be modified is to increase fruit and
vegetable consumption, given the low consumption of these foods among children in
the UK. Slyper (2004) proposed that the prevalence of child obesity could be
significantly decreased by diets containing ample quantities of vegetables and fruit.
Furthermore, Wardle et al. (2001) found that children at high-risk for developing
obesity had a significantly lower liking for vegetables than did low-risk children:

disliking and not eating vegetables may therefore represent a behavioural tendency



that has implications for obesity in later life. Dietary surveys show that low
consumption of fruit and vegetables among young people is associated with increased
energy density of the overall diet (Lobstein et al., 2004). Increasing consumption of
fruit and vegetables may therefore replace consumption of energy-dense foods.

Furthermore, eating a diet rich in fruit and vegetables is correlated with a decreased

incidence of several cancers, cardiovascular disease, and stroke (Gillman, 1996; Key,

Thorogood, Appleby, & Burr, 1996). It is therefore of great importance that these
foods are consumed as part of the daily diet, particularly given the potential beneficial

effects on levels of child obesity.

A 12-year programme of research, conducted at the University of Wales
Bangor, has developed a peer-modelling and rewards intervention that produces long-
lasting increases in children’s consumption of fruit and vegetables. The intervention
has strong underpinnings in behaviour analytic theory (see Chapter 3 for further
detail) and involves the manipulation of environmental contingencies so that the
occurrence of target behaviour is reinforced. The peer-modelling element revolves
around the “Food Dudes”, a group of slightly older peers who frequently eat and extol
the virtues of fruit and vegetables. Through a series of video adventures, the Food
Dudes prompt children to eat these foods and thus provide social models for them to
imitate. In addition, daily rewards, such as Food Dude stickers and pencils, are
awarded to children for eating target amounts of the fruit and vegetables presented to
them. The rationale behind the use of peer modelling and rewards in this way is
provided elsewhere (e.g., Dowey, 1996; Lowe, Horne, Tapper, Bowdery, & Egerton,
2004; Woolner, 2000). Following the main intervention phase, which typically lasts

for 16 days, children enter the maintenance phase during which rewards become more

intermittent.
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All studies evaluating the effects of the Food Dudes programme show that the
combination of peer-modelling and rewards is very effective in Increasing
consumption of fruit and vegetables in 2- to 11-year old children, and increases are
maintained up to 15 months later. Early studies employed single-case methodology
and were carried out in the home with “fussy” eaters (Dowey, 1996; Horne, Lowe,
Fleming, & Dowey, 1995; Lowe, Dowey, & Horne, 1998). Children aged between S
and 7 years were presented with previously refused fruits and vegetables during the
family meal. In one study, children’s baseline consumption of fruit and vegetables

was very low; on average, they consumed just 4% of the fruit and 1% of the

vegetables that were presented. At the end of the intervention, during which children

were exposed to the peer-modelling videos and rewards, fruit consumption increased

to 100% and vegetable consumption was at 83%. At 6-month follow-up, fruit
consumption remained at maximum levels, and vegetable consumption was 58%.
Thus the intervention was associated with substantial and long-lasting increases in

fruit and vegetable consumption. A school-based study with a class of 5- and 6-year-
old children showed that the intervention was able to increase children’s selection and

consumption of fruit and vegetables even when these foods were choice options that

included popular sweet and savoury snacks (Horne, Lowe, Bowdery, & Egerton,
1998).

The intervention has subsequently been applied to whole schools of children
aged between 4 and 11 years. The aim here was to establish a peer group culture that
actively supported the eating of fruit and vegetables. A series of evaluations

conducted in primary schools across the UK show substantial increases in fruit and

vegetable consumption as a result of the intervention, particularly among children

who initially consumed very little (Horne et al., 2004; Lowe et al., 2004).
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Furthermore these increases in consumption were maintained at 4-month follow-up.
There was no evidence however of any such increases in a matched control school in
which fruit and vegetables were presented but otherwise no intervention took place. In
addition, these studies provide evidence for beneficial effects on consumption at

home indicating that behaviour change induced in one context generalised to a

different setting.
These findings clearly demonstrate that a peer modelling and rewards
intervention is extremely effective in boosting fruit and vegetable consumption in

varied populations of children. Although the impact on physiological indicators of
obesity have yet to be studiéd, beneficial effects on health would be predicted to
occur, particularly given that increases in consumption are maintained over time.
However the intervention will become more relevant to the prevention of child

obesity through the development and simultaneous application of a physical activity

component.

Increasing Physical Activity

A number of studies indicate that lower levels of physical activity are related

to higher levels of body fat. Rowlands, Eston, and Ingledew (1999) found an inverse
relationship between daily physical activity and fatness in 8- to 10-year-old children.
This association appears strongest when levels of vigorous activity alone are
correlated with body composition variables (Abbott & Davies, 2004: Janz et al.,
2002). Therefore high intensity physical activity may be most influential on body
fatness. However given the cross-sectional design of these studies, it is not possible to
determine causality; children may be overweight because they are inactive, but

equally, inactivity could be a result of their overweight status.

12



A longitudinal study by Moore and colleagues studied the effects of physical
activity on changes in body fat in children over an 8-year period. Low levels of
activity during preschool years had a moderately strong effect on children’s fatness
levels from preschool to first grade entry, such that inactive children gained
significantly more subcutaneous fat than did more active children (Moore, Nguyen,
Rothman, Cupples, & Ellison, 1995). By age 11 years, the most active children in the
study had lower body mass indices and much less subcutaneous fat than did less
active children. Importantly, the child’s mean activity level throughout childhood was
related to their level of body fat in early adolescence (Moore et al., 2003). These
results suggest that a child’s physical activity plays a crucial role in the development
of obesity and highlight the importance of establishing active lifestyles early in
childhood. Although inactivity is likely to be only one of the factors linked with
fatness, it may be one of the most easily modifiable (Rowlands, Ingledew, & Eston,
2000).

Additional health benefits of physical activity include a positive association
with bone mineral density (Rowlands, Powell, Eston, & Ingledew, 2002). Rowlands

and colleagues later showed that both vigorous physical activity and calcium intake

needed to be high to obtain maximal effects on bone mineral content (Rowlands,
Ingledew, Powell, & Eston, 2004). This suggests an interactive effect of diet and
physical activity on bone health, and again emphasises the need for interventions to
target both dietary and physically active behaviours.

There is also evidence to suggest that physical activity is positively associated
with psychological wellbeing and self-esteem in children and adolescents (see Mutrie

& Parfitt, 1998). In a review of intervention and cross-sectional studies, Calfas and

Taylor (1994) found that participation in physical activity was associated with

13



increases in self-esteem and decreases in anxiety, stress, and depression in
adolescents. Similarly, Steptoe and Butler (1996) showed that higher participation in
vigorous sport and recreational activity was associated with positive emotional
wellbeing in a national sample of UK adolescents. Among 10- to 11-year-old

children, Parfitt and Evans (2001) found that habitual physical activity measured over
7 days had a positive relationship with self-esteem and a negative relationship with

anxiety and depression. In a meta-analysis of 27 controlled experimental studies,
Gruber (1986) found that participation in a physical activity programme had a
significant, positive effect on self-esteem but that the effect size was larger amongst
“handicapped” children (i.e., emotionally disturbed, mentally retarded, economically
disadvantaged, perceptually handicapped) compared to normal populations. Gruber
suggests that this result is attributable to the lower baseline levels of self-esteem
among handicapped children. Thus the greatest improvements in self-esteem as a
result of physical activity participation occurred in those who most needed it.
However strong relationships between physical activity and various health
parameters are often difficult to detect in children. For example, studies do not
consistently show beneficial effects of physical activity on levels of body fat (see
Boreham & Riddoch, 2001, for review). A meta-analysis of 50 studies suggested that
there is a small to moderate relationship, with 78% of included studies reporting the
expected negative relationship between activity levels and body fat (Rowlands et al.,
2000). Mean effect sizes, however, differed significantly according to the mode of
physical activity measurement that was employed. When physical activity was
measured through either direct observation or motion counters, such as pedometers,

there were stronger relationships between body fat and activity than when heart rate

monitoring or questionnaires were used. Inconsistent findings concerning the health

14



benefits of physical activity may therefore be explained by the use of different
measurement tools to assess physical activity in children. Indeed, although many
intervention studies in the literature have used self-reported measures of children’s
physical activity, there is widespread concern about the accuracy of such data (e.g.,
see Rowlands et al., 2000; Welk, Corbin, & Dale, 2000). It is imperative to have an
accurate measure of physical activity so that behavioural changes following the
introduction of an intervention may be reliably detected.

Research reviewed above provides a strong rationale for increasing physical
activity in children, given its likely protective effect on development of body fat and

additional health benefits. However as previously stated, weight gain prevention
efforts are likely to be most effective when both dietary and physically active
behaviours are targeted. Studies evaluating the Food Dudes intervention programme

have consistently demonstrated the powerful and long-lasting influence of peer-
modelling and rewards on children’s fruit and vegetable consumption. The challenge

now is to modify this intervention model to target children’s physical activity.

Summary

This chapter reviewed evidence to show that the prevalence of obesity is
increasing in the UK and that this upward trend is also present among children.
Obesity during childhood is associated with immediate health costs and has serious
implications for health in later life. The causes of such marked increases in prevalence
are complex but are likely to involve both genetic and environmental factors that

promote increased food intake and decreased levels of physical activity. Given that

UK children appear to show low levels of physical activity and low consumption of

healthful foods, such as fruit and vegetables, it is of great importance that children are
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helped to change both dietary and physically active behaviours. There are many
health benefits of eating a diet rich in fruit and vegetables. In addition, physical
activity in children appears to have beneficial effects on body fat, psychological
wellbeing, and bone health. The Food Dudes programme uses a combination of peer-
modelling and rewards to produce substantial, long-lasting increases in children’s

consumption of fruit and vegetables. It is now important to apply the behavioural

principles employed in the Food Dudes programme to an intervention to increase

children’s physical activity. This will provide a two-pronged, and more effective,

approach to preventing obesity in children.
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Measurement of Physical Activity in Children

Research reviewed in Chapter 1 indicates that the strength of the relationship
between physical activity and health parameters in children depends on the technique
employed to measure physical activity (see Rowlands et al., 2000). Indeed, Rowlands,
Eston, & Ingledew (1997) argue that the identification of relationships between

physical activity and health in children may be hindered by measurement difficulties.
Valid methods for the assessment of physical activity in children are therefore
required to determine current activity levels and to identify beneficial effects of active
lifestyles on health.

A detailed observation study by Bailey and colleagues (1995) recorded the
duration, intensity, and frequency of the physical activity of 6- to 10-year-old children
over 12-hr periods. High intensity activities shown by these children were
consistently short in duration, and were interspersed with highly variable intervals of
lower intensity activity. None of the children showed a bout of high intensity activity
lasting 10 consecutive min and 95% of intense activity lasted less than 15 s. Indeed,
the median duration of intense activity was just 3 s. Similarly, Trost et al. (2002)
found that children performed very few sustained bouts of physical activity.
Measurement tools therefore should avoid focussing on sustained exercise because
this does not appear to be part of children’s naturalistic physical activity.

In addition, these patterns of activity should be taken into account when
devising guidelines for optimal levels of physical activity in youth. Guidelines should
emphasise the accumulation of intermittent activity throughout the day, rather than

being based on continuous and structured adult-patterns of activity (Welk et al.,

2000). A large study by Pate and colleagues (2002) observed that less than 3% of

children in Grades 1 to 12 met the requirements of the Healthy People 2010,
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Objective 22.6 guideline, which calls for bouts of continuous vigorous activity (20
min or more) on 3 or more days of the week. Low achievement of this guideline is not
surprising on the basis of Bailey et al.’s (1995) findings; children, it seems, do not
behave in this way. In contrast, the UK Expert Consensus Group guidelines
recommend 1 hr per day of moderate intensity activity, which may be performed in a
continuous fashion or intermittently accumulated throughout the day (Biddle et al.,
1998). Pate et al. found that more than two thirds of children met the UK Group
guidelines. This suggests that guidelines allowing the accumulation of physical
activity over time may be most appropriate and achievable for children.

Bailey et al. (1995) developed an observation system to quantify the
frequency, duration, and intensity of children’s activity patterns, and direct
observation of movement has been proposed as the “gold standard” for the assessment
of physical activity (Sirard & Pate, 2001). As well as being able to capture patterns in
physical activity, direct observation techniques may also evaluate the contextual
aspects of physical activity, such as physical location, antecedents, and consequences
(McKenzie et al., 1991). Such detailed assessment however is not feasible with large

populations due to the substantial amount of time required for observer training and

data collection, the associated costs, and the burden to both experimenters and
participants.

In contrast, self-report instruments represent a cheap and convenient way to
collect data on activity patterns in large populations and are therefore widely used in
the literature. Adults appear able to provide reasonable estimates of their activity level
through self-report (Rowlands et al., 1997), however such measures become

inherently problematic when used with children. Preadolescent children may be

characterised by recall skill limitations and an inability to accurately estimate time

19



(Welk et al., 2000). On this basis children are less likely to make accurate self-report
assessments than are adults.

Welk and colleagues (2000) argue that children are likely to overestimate their
activity levels through self-report, and this appears particularly true for high intensity

activities (Sallis & Saelens, 2000). This overestimation may be due to an exaggerated
perception of time and effort, and also to the transient nature of children’s vigorous

physical activity. For example, following a game of football a child may report having
been very active throughout whereas he or she actually engaged in occasional bursts
of activity interspersed with extensive periods of low activity.

Alternatively, Riddoch et al. (2004) argue that when moderate intensity
activity is considered, children may be prone to underestimating their activity levels
through self-report. As described in Chapter 1, the National Diét and Nutrition survey
(Gregory & Lowe, 2000) found that, among 7- to 10-year-olds, 70% of boys and 49%
of girls achieved the recommended 60 min of moderate intensity activity per day.
However Riddoch et al. found these figures to be much higher with over 96% of 9-
year-olds achieving this reccommended level of activity. This discrepancy may be due
to Riddoch et al.’s use of accelerometers, an objective measure of physical activity, in
contrast to the self-report measures employed in the survey. The sporadic and
nonplanned nature of moderate intensity activity may make it less memorable and
quantifiable. As such it is not collected by self-report measures but is detected by
time-sampling accelerometers (Riddoch et al., 2004).

Sirard and Pate (2001) cite deliberate misrepresentations and social
desirability biases as other sources of error when obtaining self-report measures from

children. Thus given the questionable accuracy of self-report measures, there is a need

for research in this area to employ objective measurement of children’s physical
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activity. This is particularly relevant to intervention studies so that subtle changes in
behaviour may be detected. Several objective instruments, such as pedometers,
accelerometers, and heart rate monitors are now widely available for the measurement
of physical activity. Detailed reviews of such measurement devices are provided by

Freedson and Miller (2000), Rowlands et al. (1997), Sirard and Pate (2001), and Welk

et al. (2000). The remainder of this chapter will focus on the use of pedometers. In
addition supplementary measures employed in the current thesis will be outlined.
That is not to say that subjective measures have nothing to contribute to the

assessment of children’s physical activity. Rather such measures may be used to

enrich information provided by objective techniques. For example, Rating of
Perceived Exertion (RPE) scales allow children to estimate the level of effort they

required to perform certain activities and the use of such scales will be discussed.

Pedometers

The pedometer is a motion counter that uses vertical oscillations to provide a
total count of accumulated movements or steps (see Figure 2.1). The internal

mechanism is simple in design and includes a horizontal, spring suspended lever arm

that moves up and down with normal movement. An electrical circuit closes with
each movement detected and an accumulated step count is displayed digitally on the
screen (Tudor-Locke, 2002). Pedometers are battery-powered, for example, the

Yamax SW-200 model (Figure 2.1) uses an LR-44 battery that lasts approximately 3

years.
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Figure 2.1. The Yamax Digiwalker SW-200 pedometer (Tokyo, Japan),
on the left with the case open so that the display may be viewed, and on
the right with the back removed to show the internal mechanism.

Pedometers are typically worn clipped onto the participant’s waistband,
directly in line with the knee. It does not matter which side of the body pedometers

are worn on (Bassett et al., 1996).

The simplest pedometers measure the number of steps taken in a given time
period. More sophisticated pedometers are able to convert raw step counts into

distance travelled and calories burned, which requires relevant variables such as stride
length and weight to be manually entered into the pedometer’s programme. However,
the process of manipulating step counts may introduce error; if distance travelled is
the outcome variable then individuals with a smaller stride length will appear less
active than individuals with longer stride lengths for the same number of steps taken
(Tudor-Locke, 2002). Furthermore, stride length becomes longer as speed of walking
increases and this causes pedometers to underestimate distance at faster speeds

(Bassett et al., 1996). Finally a distance measure seems appropriate only during
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walking and running (Rowlands et al., 1997). On this basis, researchers have

recommended that the number of steps taken be adopted as the standard unit of
measurement for pedometer data (Rowlands et al., 1997; Tudor-Locke & Myers,

2001).

The use of pedometers as a measure of physical activity in children 1s
advantageous is several ways. Pedometers are lightweight and unobtrusive, and are
thus compatible with most daily activities of children. They provide an objective
measure of children’s physical activity, which is important given the many problems
associated with obtaining subjective measures from children. They are also cheap (the

Y amax model costs around £6 per unit when bought in bulk) and may be used

repeatedly. The use of pedometers requires no additional software or expertise and

data are immediately avatlable.

Pedometers are not without their limitations however. They are not able to
accurately measure physical activity during activities such as cycling and swimming,
nor do they detect increases in energy expenditure due to carrying heavy objects or
walking uphill. Furthermore, pedometers measure only the total amount of activity in
a specified time frame and cannot assess intensity, frequency, or duration of activity
patterns. However because children show highly intermittent activity patterns, it may
be more meaningful to examine the total amount of physical activity that is
accumulated over an entire day (Rowlands et al., 1997). This is also relevant to
current health guidelines that allow the accumulation of 1 hr per day of moderate
intensity activity (Biddle et al., 1998).

A study by Bassett et al. (1996) compared a number of brands of pedometer

and found that the Yamax model most accurately assessed the number of steps taken

and distance walked by adults on a 4.88 km course. A laboratory study with 8- to 10-
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year-old children compared the ability of pedometer, heart rate monitor, and
accelerometer activity measures to predict energy expenditure during both treadmill
and unregulated play activities (Eston, Rowlands, & Ingledew, 1998). Energy
expenditure was measured by scaled oxygen uptake (sVO,). For treadmill activities,

involving walking and running at different speeds, the pedometer showed a

correlation of .78 with sVO,. During unregulated activities, such as playing catch and

hopscotch, an even higher correlation of .92 was observed between sVO, and the
pedometer, which was significantly higher than the corresponding correlations for
heart rate and the more expensive uniaxial accelerometer. These findings were
replicated by Louie et al. (1999). Correlations of this magnitude indicate that the

pedometer showed a strong linear relationship with sVO0,, the gold standard measure

of energy expenditure.

In an observational study, the pedometer showed correlations of .99 with the
Tritrac accelerometer and .96 with behavioural observation measures during

recreational and sedentary classroom activities in children (Kilanowski, Consalvi, &

Epstein, 1999). In another field study, pedometer-determined physical activity
measured over 6 days was negatively correlated with fatness (r = -.42) in 8- to 10-

year old children. Aerobic fitness was also assessed by endurance time on the Bruce
maximal treadmill test, and fitness measures were positively correlated with
pedometer-determined activity (r =.59). Thus, according to the pedometer measure,
increased activity levels were related to higher levels of aerobic fitness and lower
levels of body fat. Furthermore, correlations of pedometer counts with fatness and
fitness were not significantly different from those provided by the Tritrac
accelerometer (Rowlands et al., 1999). These findings indicate that the pedometer and

the more-expensive accelerometer are measuring approximately the same total
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accumulated daily activity. Thus there is great potential for the pedometer as a valid
and low cost measure of physical activity in children.

It is important to determine the number of measurement days that are required
to obtain reliable estimates of children’s habitual physical activity. People are likely
to show day-to-day (i.e., intra-individual) variability in their activity levels, and this
may be increased by factors such as iliness and bad weather (Baranowski & de Moor,
2000). Tudor-Locke et al. (2005) found substantial intra-individual variability in adult
physical activity over 7 days of pedometer measurement. As the variability in a
person’s activity increases across days, the more days are required to obtain stable

and therefore reliable estimates of habitual physical activity.

The standard way of estimating consistency across days is the intraclass
correlation coefficient. An intraclass correlation of .80 indicates a desirable level of
reliability; higher correlations have little additional value in their ability to detect true
relationships between variables (Baranowski & de Moor, 2000).

In the study by Tudor-Locke et al. (2005), in which adult physical activity was
measured over 7 days, the intra-class correlation for any single day of pedometer

measurement was .72. This indicates that approximately 72% of the variance was

accounted for by using data from 1 day to represent the full 7 days of measurement.
Any 3-day combination produced intra-class correlations (.86 to .91) that fell well
within the desirable range. Tudor-Locke et al. thus concluded that a minimum of 3
days of pedometer data is sufficient to estimate adult habitual physical activity in a
week. In children, between 4 and 5 days of accelerometer monitoring were needed to
achieve an intra-class reliability coefficient of .80. Furthermore, children showed

higher levels of physical activity at the weekend compared to during the week,

therefore weekend days should be included in the measurement period (Trost, Pate,
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Freedson, Sallis, & Taylor, 2000). If only weekdays are to be included, 3 to 4 days of
pedometer measurement obtained reliability coefficients of greater than .80 in
children (Ozdoba, Corbin, & Le Masurier, 2004).

With respect to validity, Tudor-Locke (2002) advised that pedometers should
be calibrated prior to use by simply walking a short distance whilst simultaneously

counting the actual steps taken. Vincent and Sidman (2003) conducted a 100-step

walk test using a total of 24 individual pedometers (all Yamax SW-200 model). The
mean percent error shown by the pedometers was less than 2%. No pedometer
exceeded 5% error (i.e., more than 5 steps incorrectly recorded out of 100). The low
amount of measurement error provides evidence for the accuracy of pedometers in
terms of detecting the number of steps taken.

When using pedometers it is often desirable to conceal the displayed step
count so that the participant is unable to receive feedback on his or her activity level.
This may aid in the reduction of reactivity, which is a change in normal activity
patterns when people are aware that their activity levels are being monitored (Vincent
& Pangrazi, 2002b). Vincent and Pangrazi (2002b) used sealed pedometers to monitor
children’s physical activity over an 8-day period to determine whether reactivity
occurred. This would be indicated by a higher activity count on Day 1 followed by a
pattern of decreasing activity on consecutive days. There were no significant
differences in activity counts over the 8-day period indicating that a reactivity period
did not occur. Importantly, two recent studies indicate that reactivity does not occur
when using unsealed pedometers to measure children’s daily level of physical activity
(Ozdoba et al., 2004; Rowe, Mahar, Raedeke, & Lore, 2004).

In other cases however researchers may wish to use pedometers as

motivational tools (e.g., see Tudor-Locke, 2002; Tudor-Locke & Myers, 2001). The
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pedometer enables the wearer to self-monitor his or her physical activity and to
determine if specified goals are obtained (Freedson & Miller, 2000). In such cases, 1t
may be desirable for pedometers to be unsealed so that the wearer is able to receive
immediate feedback on his or her activity level. The use of pedometers as
motivational tools will be discussed in further detail in Chapter 3.

In summary, pedometers provide an inexpensive, convenient, and valid
method of assessing physical activity in children. They are ideally suited to large
population studies (Rowlands et al., 1997). In some situations however it may be

advantageous to employ multiple measures of physical activity to provide a more
complete description of children’s activity patterns (Welk et al., 2000). The remainder

of this chapter will briefly outline the additional measures of physical activity that are

employed in the studies reported in this thesis.

Additional Measures of Physical Activity in Children

Accelerometers. Accelerometers are sophisticated electronic devices that

measure accelerations produced by body movement (Sirard & Pate, 2001). The
underlying theory holds that acceleration is directly proportional to muscular forces

and therefore 1s related to energy expenditure (see Freedson & Miller, 2000). Uniaxial
accelerometers measure acceleration in a single plane (usually vertical), whereas

triaxial accelerometers measure acceleration in the vertical, horizontal, and

mediolateral planes.

A time-sampling mechanism enables the measurement of intensity, frequency,

and duration of physical activity therefore accelerometers are able to capture

children’s sporadic activity patterns. The sampling interval of accelerometers is
frequently set to 60 s and summarizes all registered counts during this period. A

shorter sampling interval (i.e., 5 s) gives a more detailed picture of intensity patterns
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(Nilsson, Ekelund, Yngve, & Sjostrom, 2002). However given the huge amount of
data obtained and the limited capacity of the accelerometer memory, the latter
sampling method may not be feasible for monitoring physical activity over several

days.

Three-dimensional measures of activity provided by triaxial accelerometers
are particularly important when assessing children’s activities such as climbing and
playing (Powell & Rowlands, 2004). The triaxial Tritrac R3D model has been
validated as a measure of children’s physical activity and may provide information
not recorded by uniaxial accelerometers (Eston et al., 1998; Ott, Pate, Trost, Ward, &
Saunders, 2000). However a limitation associated with the Tritrac is its bulky nature
and weight (168 g) therefore it is not well suited for use with children.

A more user-friendly device is the RT3 triaxial accelerometer (see Figure 2.2),
a battery-powered monitor weighing just 65.2 g. The RT-3 collects activity data in 1-
or 60-s epochs and can store activity data for up to 21 days. Motion is measured on
three orthogonal axes known as X, Y, and Z, which correspond to vertical (up and
down), anterioposterior (forward and back), and mediolateral (side-to-side) motion,
respectively (Powell, Jones, & Rowlands, 2003). Acceleration is measured
periodically (depending on whether the 1-s or 60-s epoch is employed), converted to a
digital representation, and processed to obtain an “activity count” which is stored in

the memory (Powell & Rowlands, 2004). Activity data for the RT3 may also be
expressed as minutes spent in varying intensities of activity using count cut-off values
that correspond to the intensity of activity (e.g., low intensity, moderate intensity)

(Rowlands, Thomas, Eston, & Topping, 2004).
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Figure 2.2. The external appearance of the RT3 triaxial
accelerometer, with an AAA battery also shown.

The RT3 is worn clipped to the waistband and has no external controls that

may be manipulated. Activity data are downloaded to a PC for display and analysis

following measurement, therefore participants do not receive immediate feedback on
their activity levels.

There have been few studies evaluating the validity and reliability of the RT3
due to its relatively recent appearance in the field. Of studies conducted to date, RT3
accelerometer counts correlated positively with sVO, in both boys (r = .87), and men
(r = .85) (Rowlands, Thomas, et al., 2004). The RT3 thus appears a valid tool for
assessment of physical activity. Powell and Rowlands (2004) found that individual
RT3 monitors were reliable over two repeated trials of activities of differing intensity
(e.g., walking, running). However there was considerable inter-monitor variability
within activities. The X axis (vertical) showed the least variability between monitors
and was the most reliable of the three axes. An additional study showed that the X

axis performed well in comparison with the other two axes (Powell et al., 2003). Until
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further research is conducted, it may therefore be advisable to limit use of the RT3 to
the vertical axis only (e.g., Rowlands, Ingledew, et al., 2004).

Disadvantages associated with the use of accelerometers include their high
cost; an individual RT3 unit is currently priced at $300 on the manufacturer’s website
(www.stayhealthy.com). It is also necessary to purchase a docking station to enable
downloading of RT3 data to a PC and this is priced at $200. The large quantity of data
obtained through the use of accelerometers is time consuming to handle and analyse.

Heart rate monitoring. Heart rate monitoring provides an indication of the
relative stress placed upon the cardiopulmonary system resulting from physical
activity (Rowlands et al., 1997). A number of studies have used this method to
estimate daily physical activity in children (e.g., Atkins, Stratton, Dugdill, & Reilly,
1997; Gavarry, Giacomoni, Bernard, Seymat, & Falgairette, 2003; Sleap & Tolfrey,

2001; Welsman & Armstrong, 1997).

Heart rate monitoring is an indirect measure of physical activity and relies on
a linear relationship between heart rate and oxygen uptake. This relationship is likely
to hold during moderate intensity activity, but increasing error is introduced at higher
and lower intensities (Rowlands et al., 1997). At low intensities, physical activity is
not the only cause for increased heart rate, for example emotional stress will
significantly elevate heart rate. Further limitations are identified by Rowlands and
colleagues (1997). Heart rate tends to lag behind changes in movement therefore the
use of heart rate monitoring may not capture the short, intermittent bouts of vigorous
activity shown by children. Furthermore heart rate is influenced by fitness level, and
fitter, more active children have lower heart rates.

One way to control for the influence of fitness is to use a measure of net heart

rate, which involves subtracting the participant’s resting heart rate from the heart rate
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observed during physical activity. Thus an estimation of the net increase in heart rate

as a result of physical activity is obtained and this allows for comparison between

individuals of different fitness levels (Freedson & Miller, 2000).

Heart rate monitoring is frequently included in studies attempting to validate
other techniques of physical activity assessment, such as accelerometers. During
treadmill and unregulated play activities in children, heart rate correlated significantly
with sVO, (r =.80), and with activity measures provided by the pedometer (r =.62),
uniaxial accelerometer (r = .68), and triaxial accelerometer (r =.79) (Eston et al.,
1998). Similarly, during several 5-min “free-play” activities carried out by children,

Ott et al. (2000) found that heart rate was significantly correlated with uniaxial and

triaxial accelerometer measures (r = .64 and .73, respectively). Correlations of a
similar magnitude were found between heart rate and Metabolic Equivalent (MET)
values (r =.70), and between heart rate and the intensity classification of the activity
as light, moderate, vigorous, or very vigorous (r, = .68). MET values are an indicator
of the rate of energy expenditure; a 2-MET activity requires two times the metabolic
energy expenditure of sitting quietly (Ainsworth et al., 1993).

In order to obtain the true heart rate during a given activity, Ott et al. (2000)

emphasise the importance of allowing sufficient time for heart rate to reach “steady-
state”. This is because heart rate tends to lag behind movement (Rowlands et al.,
1997). In their study, Ott et al. found stable heart rates over 3 min of measurement
during play activities indicating that steady state had been reached. They conclude
that heart rates may be used a measure of physical activity as long as the activity is
sustained over a number of minutes.

Rating of Perceived Exertion (RPE) scales. Perceived exertion is defined as

the act of detecting and interpreting sensations arising from the body during physical
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exertion (see Eston & Lamb, 2000). Ratings of Perceived Exertion (RPE) may be
used to assess and regulate the intensity of exercise. In typical RPE scales, verbal
descriptors of effort are assigned to an increasing numerical scale. The participant

may indicate the level of exertion associated with exercise by selecting the

appropriate number on the scale. A number of methods for assessing perceived

exertion have been devised, and more recently child-specific scales have been

developed.

When using RPE scales with children, Eston and Lamb (2000) emphasise the
need to consider age, reading ability, experience and conceptual understanding; for
example, 7- to 10-year-old children may find it easier to understand and interpret
pictures rather than words. A recently developed children’s scale, the Bug and Bag

Effort (BABE) Scale (Eston & Lamb, 2000; Shepherd, 2002), may be seen in Figure
2.3. This scale shows a character from the Walt Disney film “A Bug’s Life” carrying

a backpack that is increasingly loaded with bricks to denote increasing intensity
levels. Verbal descriptors of effort are assigned to the scale, which ranges from 1
(very easy) through to 10 (so hard I'm going to stop). Children are frequently asked to

use such scales to estimate their perception of effort, in response to a request from the

experimenter to indicate how “hard” the exercise feels; this is known as estimation
mode (Eston & Lamb, 2000). In the case of the BABE scale, an activity that was
perceived by a child as having required a high level of exertion would receive a high
score, and conversely an activity with low perceived exertion would receive a low
score. An alternate use for this type of scale is to request children to produce a

specific RPE during exercise and this is known as production mode (Eston & Lamb,

2000).
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Bug And Bag Effort Scale (BABE Scale) I

+ 8 10
Starting to Very hard So hard I'm
get hard going to stop

Figure 2.3. The Bug and Bag Effort (BABE) scale (Eston & Lamb, 2000,
reproduced with permission).

Children’s estimates of perceived effort have been validated against objective

measures of physiological strain such as heart rate and oxygen uptake, and studies

reviewed by Lamb and Eston (1997) consistently show high levels of validity. For
example, Eston, Lamb, Bain, Williams, and Williams (1994) found a correlation of
76 between heart rate and estimates of perceived exertion in 8- to | 1-year-old
children. More recently, Shepherd (2002) found that 8- to 11-year-old children did
significantly more pedometer counts when instructed to produce Level 8 (very hard)
on the BABE scale compared to when they were instructed to produce Level 3 (easy).
Thus children were able to use their effort perception to alter their production of
exercise (pedometer counts) and this provides evidence for the validity of the BABE
scale.

To enable children to effectively use RPE scales, it is important that they fully
understand the range of sensations that correspond to the categories of effort shown
by the scale. This may be achieved through a process of perceptual anchoring which
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involves children being directly exposed to a range of intensities of exercise. Thus
children should be allowed to experience exercise that is perceived as being easy
followed by exercise perceived as hard or very hard. The direct experience of exercise

of differing intensities can be used to set the perceptual anchor points at low and high

levels (Eston & Lamb, 2000).

Shepherd (2002) suggests that the use of the BABE scale may be incorporated
into school physical education programmes to enable children to control their own
intensity levels. Furthermore, as stated previously, children’s estimates of perceived
effort provide information additional to that obtained from objective measures. For
example, it would be interesting to determine whether activities that produce a high

number of pedometer steps are associated with estimates of increased perceived

effort, in comparison to more sedentary activities.

Summary

In order to determine current activity levels, to identify relationships between
physical activity and health, and to evaluate the behavioural effects of interventions, it
is imperative that valid measures of children’s physical activity are employed.
Children’s physic'al activity may be characterised by very short, intermittent bouts of
vigorous activity and this may make it difficult for children to use self-report
measures to accurately recall their level of physical activity. Pedometers are low-cost,
convenient, and valid tools for the objective measurement of physical activity in large
populations of children. They are ideally suited to studies which require a measure of
total daily physical activity. If a more detailed breakdown of activity patterns is
required then accelerometers provide a feasible alternative, most notably the user-

friendly RT3 triaxial model. However the need to obtain a detailed picture of

children’s activity patterns must be balanced against the substantially higher cost of
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accelerometers in comparison to pedometers. In addition, data provided by activity

monitors may be enriched by measures of heart rate, and by subjective ratings of

perceived intensity associated with exercise.
On a final note, each technique for the measurement of physical activity

possesses advantages but also limitations. On the basis of the available literature,

researchers engaged in studies of children’s physical activity must select the

technique that most appropriately answers the specific research question.
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Where Should We Intervene?

In order to target children’s physical activity most effectively, it is important
to measure variations in children’s habitual physical activity during the day, and from

day to day, to identify particular time periods or environments in which children tend

to show low levels of physical activity.

Vincent and Pangrazi (2002a) conducted a large-scale monitoring study of the
physical activity patterns of 6- to 12-year-old children. Children wore pedometers
over 4 complete weekdays to assess levels of physical activity. Results showed that

children’s daily step counts were stable from 6 to 12 years of age, although boys took
more steps per day than girls at all ages. However mean step counts had sizeable
standard deviations, indicating substantial variability in activity levels among children
of the same gender and age. Indeed, when the sample was collapsed for age and
converted into quintiles, girls in the highest activity quintile averaged more than
double the step counts of girls in the lowest quintile (14,764 vs. 7,279 steps per day,

respectively). The trend was similar for boys in the highest and lowest quintiles

(17,529 vs. 9,030 steps per day, respectively).

These findings are of great interest because they highlight the substantial
variability in children’s activity levels. When considering activity over entire days it
is clearly not the case that all children are sedentary. Rather it appears that children’s
activity levels, in terms of steps per day, are on a continuum; some children average a
very high number of steps whereas children at the other end of the continuum are less

than half as active. It is this latter group of “low-active” children who are most likely

to benefit from interventions to increase physical activity.
Vincent and Pangrazi (2002a) note that the amount of variability is

particularly surprising because the children’s activity levels would have been
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restricted during the school day, with the exception of short amounts of free time at
playtimes. Because the structured school environment may limit individual
variability, Vincent and Pangrazi suggest that major differences between children’s
activity levels occur outside of the school environment. Therefore, in order to

increase activity levels among low active children, it may be preferable to focus on

out-of-school activity.

The need to promote physical activity in out-of-school contexts has been
suggested by other studies. In an observational study, Sleap and Warburton (1992)
found that although preadolescent children were substantially involved in moderate to

vigorous activity during school playtimes, they were much less active during free time

at home. Lower activity levels in the home environment may reflect the increased
availability of sedentary activities such as watching the television and using a
computer. Indeed, the use of after-school time for active rather than sedentary pursuits
has been shown to be a consistent correlate of total physical activity in large samples
of children (Sallis, Prochaska, Taylor, Hill, & Geraci, 1999; Sallis, Taylor, Dowda,
Freedson, & Pate, 2002). Furthermore, some studies have shown that children are less
active on weekend days than on school days (Gavarry et al., 2003; Rowlands et al.,
1999), although this has not been found consistently (e.g., Trost et al., 2000).

Such results indicate that children do not necessarily compensate with
increased physical activity once the constraints of school are removed. Indeed a study
by Dale, Corbin, and Dale (2000) suggests quite the opposite. In this study, children’s
activity at school was restricted for 2 days (restricted days); the children did not take
part in physical education classes and remained indoors during playtimes. On another

2 days, physical activity opportunities were not restricted during school (active days);

the children participated in their normal physical education classes and spent playtime
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periods outdoors. The children wore uniaxial accelerometers for the duration of the 4
days to assess the effects of restricting school activity on activity levels after school.
Results showed that, following a restricted school day, the children did not
compensate by increasing their physical activity levels after school. In fact, the
children were significantly more active after school following an active school day
than they were following a restricted-activity school day. Children, it seems, do not
voluntarily “make up” for denied opportunities to be active.

Given that low activity in school tended to be followed by low activity after
school, targeting in-school activity may be one way to raise activity levels in both
contexts. Schools present an 1deal setting to reach large numbers of children with
health promotion efforts (Goran, Reynolds, & Lindquist, 1999). Increasing levels of

physical activity during school physical education classes represents an obvious
intervention target. Sleap and Warburton (1992) found that sustained periods of
moderate to vigorous physical activity were rare during physical education lessons
and that children spend almost a quarter of the lesson time standing, sitting, listening,
and queuing.

School playtime can provide an ideal context for children to be physically

active. Stratton (1999) used heart rate monitoring to measure the activity levels of
children during morning playtimes ranging from 15 to 25 min in duration. On
average, children spent only a small proportion (3.5 min) of playtime in moderate to
vigorous physical activity, although wide individual differences in activity level were
observed. Another study found that 6- to 7-year-old children were most active at the

beginning of playtime but that activity levels showed a marked decline as time on the

playground elapsed. This study also observed that children spent the majority of
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playtime being sedentary (McKenzie et al., 1997). School playtime thus provides
opportunities to increase children’s activity levels.

Intervention efforts may also focus on the mode of children’s transportation to
and from school. Active commuting to school by means of walking or bicycling is a
potential source of moderate intensity activity (Tudor-Locke, Ainsworth, & Popkin,
2001). However, as noted in Chapter 1, cycling and walking to school have become
less frequent behaviours. Adolescents who walked to school showed significantly
greater daily energy expenditure than did adolescents using motorised transport; an

additional 44.2 and 33.2 kilocalories per day for males and females, respectively,

appeared due to active commuting (Tudor-Locke, Ainsworth, Adair, & Popkin,

2003). However findings in this area differ. Another study with 5-year-olds found that
although children who walked to school were more active during the school journey
than children who travelled by car, these differences completely disappeared when
total weekly activity was examined using accelerometry (Metcalf, Voss, Jeffery,
Perkins, & Wilkin, 2004). The researchers thus concluded that active commuting to
school makes no difference to overall levels of activity in young children.

An alternative approach to focussing on one time period or context is to
increase the total amount of physical activity that is accumulated throughout the day.
This is consistent with current health guidelines for children that emphasise the
accumulation of 1 hr per day of moderate intensity activity. A number of large-scale
interventions have aimed to increase children’s physical activity both during and after

school. These will be reviewed in the following section.

Multicomponent Interventions to Increase Physical Activity in Children

In the physical activity literature, many interventions to increase physical

activity amongst children are multicomponent; they incorporate a number of different
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behaviour change techniques, such as classroom health curricula and physical
education programmes. A review of school-based interventions by Stone, McKenzie,
Welk, and Booth (1998) concluded that, while improvements in children’s knowledge
and attitudes related to physical activity were generally found, few positive findings

were reported on measures assessing out-of-school physical activity. For example, the

Sports, Play, and Active Recreation for Kids (SPARK) project involved a 2-year
physical education programme for elementary school children that was designed to
promote high levels of physical activity, teach movement skills, and be enjoyable
(Sallis et al., 1997). In addition, a self-management curriculum taught skills such as
self-monitoring and goal setting to help children increase physical activity outside of
school. Students who participated in this intervention spent more time in moderate to
vigorous physical activity during physical education classes than control children
(assessed by direct observation). There were, however, no significant effects on out-

of-school activity measured objectively by accelerometers. It is therefore of great

importance that interventions teach behavioural skills that children may use to be
active outside of formal programmes to stay active over time (Sallis et al., 1992).

A number of intervention studies have focused on reducing the prevalence of

obesity in large populations of school children through the promotion of healthy
eating and physically active behaviours. The Pathways study (Caballero et al., 2003)
evaluated the effectiveness of a school-based, multicomponent intervention to prevent
and reduce excess weight gain in elementary children over a 3-year period. The
intervention consisted of four components; classroom curricula to promote healthy
eating and physical activity, a reduction in fat content of school meals, a physical

education programme (three 30-min sessions per week of moderate to vigorous

physical activity plus classroom physical exercise breaks), and family involvement
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(family action packs and events at school). Following 3 years of the intervention,
knowledge related to diet and physical activity had increased significantly. There was
significantly lower fat intake in the intervention schools compared to control schools
(assessed by direct observation and 24-hr recall), but accelerometer data indicated no

significant effects on physical activity. In addition, percentage body fat did not

change significantly indicating that the intervention had no effect on the prevalence of
obesity in this population of children.
To date, the only study of this kind conducted in the UK is the Active

Programme Promoting Lifestyle in Schools (APPLES) (Sahota et al., 2001a, Sahota et
al., 2001b), a 1-year multidisciplinary programme designed to influence physical
activity and diet in 8- to 10-year-old schoolchildren. The intervention involved
modification of school meals, teacher training, and the development of school “action
plans”, which included incorporation of nutrition education into the school curriculum
and a “Fit is Fun” programme into physical education lessons. The intervention was

successfully implemented in all schools with excellent cooperation by teachers and
children (Sahota et al., 2001a). Self-reported measures of dietary behaviours (by 24-hr

recall and food diaries), and physical activity (by questionnaire) were taken at

baseline and 12 months later. Effects of this intervention are similar to those reported
by Caballero et al. (2003). There was no difference in body mass index (BMI)
between intervention and control children at the end of the 12-month intervention.
Children’s knowledge about the health benefits of diet and physical activity increased
significantly as a result of the intervention. Despite this, behavioural differences
between intervention and control children were minimal (slightly higher intake of

vegetables in the intervention group), and in some cases undesirable (e.g., increased

sedentary behaviour and higher consumption of high-sugar foods and drinks among
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overweight children in the intervention group). Such results have led to the conclusion
that “most school based intervention programmes increase knowledge about nutrition,
but they rarely produce significant changes in behaviour or favourable short to
intermediate term health outcomes” (Atkinson & Nitzke, 2001, p. 1019).

Other school-based prevention studies have obtained more promising results.
The largest to date is the Child and Adolescent Trial for Cardiovascular Health
(CATCH), which involved 96 elementary schools at four sites in the United States
(Luepker et al., 1996). The intervention consisted of school food modifications,
enhanced physical education, classroom curricula, and a home curriculum. It began
while children were in the third-grade of elementary school (8- to 9-year-olds) and ran
for 3 years, by which time the students had progressed to the fifth-grade. At the end of
the intervention a number of significant behavioural changes were reported, such as a
reduction in fat intake, greater energy expenditure during physical education lessons,
and a higher level of daily vigorous physical activity in intervention students
compared to controls (assessed by 24-hr recall, direct observation, and a self-
administered physical activity checklist, respectively). However there were no effects
on measures of body size, blood pressure, or cholesterol, and the authors themselves
acknowledge that the magnitude of the self-reported behavioural changes whilst
statistically significant were modest.

Planet Health (Gortmaker et al., 1999) is a 2-year intervention to reduce
obesity among older students in grades 6 to 8 (11- to 13-year olds). The intervention
promoted reductions in television viewing, increases in physical activity, decreased
consumption of high-fat foods, and increased consumption of fruit and vegetables

through a classroom curriculum incorporated into major subject areas (maths, science,

language arts, and social studies) and physical education. In addition, a 2-week
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campaign was introduced to reduce television viewing in households (“Power
Down’). Classroom lessons consisted of behavioural and learning objectives relating
to each of the four behavioural targets of the intervention, student resources, and
homework activities. Obesity prevalence among female students in the five

intervention schools was significantly reduced compared to female students in the

control schools, however this effect was not observed for males. Both boys and girls
in the intervention schools showed a significant reduction in self-reported television
viewing time compared with controls and intervention girls reported an increase in
fruit and vegetable consumption. There was no effect on the time per day spent in

moderate to vigorous activity, assessed by questionnaire.

Collectively, the CATCH and Planet Health studies suggest that large scale
interventions of this type are able to produce changes in eating and physically active
behaviours, and in the latter case, show an impact on the prevalence of obesity (in
girls only). However both studies employed self-report measures of dietary intake and
physical activity, which are of “limited validity” (Gortmaker et al., 1999, p. 417).
Indeed, research reviewed in Chapter 2 indicates that children are unlikely to produce
reliable and valid self-reports of physical activity. Interventions that are evaluated
solely through self-report measures should therefore be treated with caution. Only two
studies reviewed here employed objective measures of physical activity (SPARK and
Pathways) and interestingly, in both cases, the respective interventions were found to
have no effect on daily physical activity. The behavioural effects of school-based
prevention programmes thus appear highly inconsistent.

Lowe et al. (2004) note that many of the behaviour change techniques that

make up multicomponent interventions, such as skills development and provision of

nutritional information, have not been shown to reliably influence eating behaviour.



For example, a review by Contento, Manning, and Shannon (1992) showed that while
school-based nutrition education programmes frequently had positive effects on
nutrition knowledge, diet-related skills, behavioural expectations, and self-efficacy,
the impact on actual behaviour was minimal. In order to promote changes in health
behaviours, interventions should consist of well-specified, empirically-supported
behaviour change techniques that are based on an underlying theoretical model
(Michie & Abraham, 2004). Lowe et al. (2004) thus argue that a more effective way
of developing interventions is to focus on techniques that have been shown to have a

reliable effect on children’s health behaviours.

There is substantial evidence that “peer-models’” and rewards exert a strong
influence on children’s food preferences and consumption (see Dowey, 1996; Lowe et

al., 2004; Woolner, 2000, for review). Empirical research and theoretical
underpinnings in behaviour analysis have thus informed the development of a peer-
modelling and rewards intervention that produces substantial, long lasting increases in
children’s fruit and vegetable consumption, as shown in Chapter 1. It is now

important to determine whether this intervention model is likely to be effective in

increasing children’s physical activity.

Behaviour Analysis

The behaviour analytic perspective holds that behaviour is selected and
changed through continuous interaction between the behavioural repertoire of an
organism and its environment. Operant conditioning is the key process of

psychological change whereby behaviours that are functionally effective for an

individual become more frequent in the corresponding environment while other

behaviours decline in frequency (Leslie, 2002, p. 5). Both overt, observable
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behaviours and “private” behaviours, such as thinking, are influenced by
environmental consequences.
In contrast to the older methodological behaviourism, the philosophy of

Radical Behaviourism holds that a science of behaviour must deal with events which

take place within the private world and are not directly observable. The following

quotation from Skinner (1974) emphasises the central role of language in human

behaviour:

Relatively late in its history, the human species underwent a remarkable
change: its vocal musculature came under operant control.... vocal operant
behavior made a great difference because it extended the scope of the social
environment. Language was born, and with it many important characteristics
of human behavior. (p. 98)

Skinner (1974) saw language as something a person acquires and possesses.
Verbal behaviour on the other hand is behaviour that has a special character because it
is reinforced by its effects on people. The reinforcing consequences of opening a door
may be achieved by a person grasping the knob, turning it, and pulling the door open.
Alternatively, the person may say “Please open the door” and, providing that the
listener responds appropriately, the same reinforcing consequences will occur (p. 99).

Talking is an obvious and important type of verbal behaviour and enables the
emission of various types of operant with different functions. For example the person
saying “Shut the door” in the previous example, Is emitting a mand (this term is
derived from “demand”), which may be reinforced by the removal of a cold draught
from the door. Another verbal operant is a tact, a descriptive act (e.g., “What a
beautiful day”) which is often followed by social approval. In this way, members of

the verbal community routinely talk and reinforce each other’s verbal behaviour

(Leslie, 2002, p. 196-197).



Verbal behaviour enables humans to describe contingencies of reinforcement

and to produce rules for responding. With the advent of verbal behaviour, Skinner

(1974) states that:

People began to talk about what they were doing and why they were doing it.
They described their behavior, the setting in which it occurred, and the
consequences. In other words, in addition to being affected by contingencies

of reinforcement, they began to analyse them. (p. 132)

When the speaker responds as a listener to his or her own speech as well as to
the speech of others (Skinner, 1974) subsequent learning is transformed because
verbal behaviour can control one’s own behaviour as well as the behaviour of others.

Models of human conditioning that do not take into account the controlling role of
verbal behaviour must therefore prove to be inadequate (Lowe, Horne, & Higson,
1987).

Much of human behaviour is rule-governed where verbal behaviour, in the
form of a rule, is acquired either through verbal instruction or through direct

experience of reinforcement contingencies, and then determines other behaviour
(Leslie, 2002). A rule points to a contingency and has been defined by Skinner (1969)
as a contingency-specifying discriminative stimulus. In contrast, contingency-shaped

behaviour is shaped and maintained directly by contingencies of reinforcement and

punishment:

We refer to contingency-shaped behavior alone when we say that an organism
behaves in a given way with a given probability because the behavior has been
followed by a given kind of consequence in the past. We refer to behavior
under the control of prior contingency-specifying stimuli when we say that an

organism behaves in a given way because it expects a similar consequence to
follow in the future. (p. 147)

To illustrate the difference between rule-governed and contingency-shaped

behaviour, Skinner (1969) compared the behaviour of a baseball outfielder catching a
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fly ball to that of a ship commander taking part in the recovery of a re-entering
satellite. In both cases the goal is to catch a falling object. The outfielder’s ball-
catching behaviour involves following the ball’s trajectory, moving under it, and
grasping it with his glove. It is controlled by the consequences of past ball catching
behaviour and is thus contingency-shaped behaviour. In contrast, the ship
commander’s satellite “catching” behaviour involves detailed analysis of the
trajectory of the satellite using complex mathematical models. This behaviour is not
controlled directly by past satellite-catching behaviour; it is controlled by rules.
While the topography of rule-governed and contingency-shaped behaviour is
often similar, the latter depends upon “genuine” consequences. The control exerted by
rules however is primarily verbal and the contingencies specified have frequently
never been contacted. In this way, human verbal behaviour allows behaviour to be
controlled by descriptions of contingencies, in the verbal behaviour of others, as well

as by direct contact with the contingencies themselves (Catania, 1998).

The advantage of following rules is that we can acquire new behaviours much
more rapidly than if we were to allow contingencies to shape our behaviour. Much
behaviour begins with instruction and shifts to being shaped by contingencies.

Skinner (1974) provides the example of a person learning to drive a car who responds
to the verbal behaviour, in the form of direction and instruction, of the driving
instructor. The driver’s behaviour will eventually come under the control of the
natural, nonverbal contingencies of driving a car. As Skinner (1974) notes “To learn
to drive simply through exposure to those contingencies would take a very long time”
(p. 134).

Rule-governed behaviour may be particularly effective in controlling

behaviour when the natural contingencies are “defective” (Skinner, 1969, p. 167). The



reinforcing consequences of a behaviour may be long-deferred or very rare and would
thus have a negligible effect in shaping that behaviour. Rules however bring these

consequences to bear upon the individual; for example, many people wear seatbelts
and obey speed limits not because they have avoided or escaped from serious

accidents by doing so. Furthermore, rules may be used to control behaviour when the

natural contingencies shape undesirable behaviour.

However, rule-governed behaviour can be insensitive to its consequences
(Catania, 1998). According to experimental research, when human subjects are
exposed to different schedules of reinforcement, they frequently show a rigidity of
performance in the face of altered reinforcement contingencies which may be
attributed to their having formulated verbal rules concerning what is required of them
(Lowe et al., 1987). A series of studies from a developmental perspective found that
preverbal infants showed performance on reinforcement schedules that was directly
contingency-controlled and thus indistinguishable from the performance of animals.
Children aged 5 years and older, however, showed insensitivity to alterations in the
reinforcement schedule similar to adult patterns of responding. Importantly, this age
group of children would have had the necessary verbal skills to describe
contingencies to themselves and to form rules for responding. Finally, children in an
intermediate age range of 2.5 to 4 years showed elements of both adult-like and
animal-like patterns of responding (Bentall, Lowe, & Beasty, 1985).

The behaviour of being physically active may be initiated, shaped, and
maintained by natural contingencies in the environment. Some consequences may
provide immediate sources of reinforcement for physical activity, for example, a child

may contact positive soclal interactions through participation in a game of football.

As a result, the child may behave in this way in the future — an example of
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contingency-shaped behaviour. Other reinforcing consequences of physical activity
may be less immediate but nevertheless effective in controlling the behaviour.
Participation in physical activity may enhance mood and lead to a feeling of increased
energy, clearer thinking, better social relationships, and better work achievement. In

time, the individual may feel fitter and become more flexible and toned. Such positive

changes may enhance body image and lead the individual to feel better about him or

herself.

Other beneficial consequences of being physically active, such as losing
weight, obtaining cardiovascular health benefits and perhaps living longer, are likely
to be more delayed in time. Indeed, research reviewed in Chapter 1 emphasises the
importance of additionally targeting diet in order to promote weight loss through
physical activity. These ultimate consequences, however, may be brought to bear
upon the individual by the following of verbal rules that specify the outcomes of

being physically active. In this sense, physically active behaviour may be under the

control of rules.

Behaviour analytic studies. In sedentary individuals the naturally-occurring
consequences of physical activity may not function as effective reinforcers. Indeed,
these individuals may never contact the contingencies because of their sedentary
behaviour. In order to effectively increase physical activity in these individuals it will
be important to provide immediate sources of reinforcement that are contingent on
increased physical activity.

A study by Epstein, Kilanowski, Consalvi, & Paluch (1999) examined
whether the relative reinforcing value of physical activity, measured in a laboratory-

based computer game, predicted levels of physical activity in the natural environment

among 6- to 11-year-old children (as measured by the Tritrac accelerometer). The
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computer game assessed how hard each child would work to obtain points that earned
access to concurrently available sedentary activities or physically active alternatives.
Points were earned by matching shapes and participants could switch back and forth
between either of two screens, with one screen being associated with sedentary

activities and the other screen being associated with vigorous activities. The sedentary

activities were playing a Nintendo computer game, watching videos, reading from
children’s books and magazines, or colouring. The physically active alternatives were
using a bicycle ergometer or a stepper machine. Concurrent reinforcement schedules
were implemented by varying how many responses, on average, would be required to
earn a point towards the sedentary or physically active alternatives (i.e., variable ratio
[VR]). The reinforcement schedule associated with the physical activities was kept

constant at VR2 across all four trials of the experiment. In contrast, the response
requirements for the sedentary activities were set at VR2, VR4, VRS, and VR16 so
that they became progressively more difficult to access. The relative reinforcing value

of physical activity was determined by the number of points that were earned towards
the physically active alternatives, with a higher number of points indicating greater
reinforcing value. The results indicated that children who found physical activity

more reinforcing in the laboratory computer game were more physically active in the
natural environment, whereas children who did not find physical activity to be very
reinforcing were less active. Consistent with the discussion so far, Epstein and
colleagues concluded “interventions that can increase the reinforcing value of
physical activity may help children be more physically active” (p. 602).

Participation in sedentary behaviours may provide more immediate sources of

reinforcement, such as relaxation and spending time with friends, than partici pation in

physical activities. Several studies have shown that both obese and nonobese children
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choose to be sedentary when they have equal choice between sedentary and
physically active behaviours (Epstein, Saelens, Myers, & Vito, 1997; Epstein,
Saelens, & O’Brien, 1995; Epstein et al., 1991). The reinforcing value of sedentary
activities appears particularly strong for obese children. In a study by Epstein et al.

(1991), lean, moderately obese, or very obese children played a computer game to

earn points that were later exchanged for time spent in either a sedentary activity
(watching videos) or a physical activity (riding an exercise bicycle). The
reinforcement schedule associated with access to the physical activity remained at

VR2 across five trials whereas the schedule for the concurrently available sedentary

activity was set at VR2, VR4, VRS, VR16, to VR32. When both schedules were VR2
(i.e., equal access to the sedentary or physical activity), both obese and nonobese
children chose to work for the sedentary alternative. When the response requirement
for sedentary activities was increased however, lean and moderately obese children
reallocated their time to working for the physical activity. In contrast, very obese
children continued to work for the sedentary activity irrespective of the response
requirement relative to the physical activity, and this suggests that access to the
sedentary activity functioned as a stronger reinforcer for these children. Indeed,
participation in physical activity may be punishing due to immediate negative
consequences, such as soreness, fatigue, and performing poorly during exercise.
However individuals may become less sensitive to these contingencies by following
verbal rules that specify the beneficial but delayed outcomes of physical activity.

In the area of child obesity treatment, interventions derived from behaviour
analytic theory consist of techniques designed to directly influence eating and

physically active behaviours. In a study by Epstein, Wing, Woodall, et al. (1985),

obese 5- to 8-year-old girls received one of two treatments for obesity over a 1-year
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period: either a behaviourally-oriented programme or an educational programme
without behavioural principles. Both treatment groups received equal therapist
attention and identical information on diet and lifestyle exercise. They were both
given a daily caloric limit, and were instructed to exercise six times a week and to
meet weekly activity goals. The behavioural group however were taught several
techniques that directly targeted changes in eating and exercise behaviour. Firstly,
families were taught to self-monitor food intake and exercises performed on a daily
basis. Secondly, parents and children were instructed to praise each other for
performing appropriate behaviours and to act as role models for each other and for
other family members. Finally, parents were instructed to draw up contracts whereby
the child could earn points for staying within the caloric range and for meeting
exercise and weight goals daily. Points earned were exchanged for nonmonetary
reinforcers such as spending time in special activities. Following 1 year of treatment,
children in the behaviourally-orientated programme significantly improved their
~ eating habits and lost more than twice the amount of weight than did children in the
educational programme. This study, along with others reviewed by Epstein and Wing
(1987), demonstrates the superiority of the behavioural approach in the treatment of
child obesity. As noted by Epstein, Roemmich and Raynor (2001), “Many people
know what they should be doing, but knowledge often is insufficient to change
behavior” (p. 983).

Another important component of behavioural treatment for child obesity is
stimulus control, or arranging the environment to be conducive to increased
performance of the target behaviour (Epstein, 1996). Stimulus control procedures for

physical activity involve increasing the salience of stimuli that promote physical

activity (e.g., keeping exercise clothes and equipment easily available) and reducing
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the prominence of cues associated with competing sedentary behaviours (e.g., moving
the television to a less prominent location, restricting access to computer games).
Subsequent studies have shown that the behaviourally-oriented family-based
treatment consistently produces significant weight loss in obese children (e.g.,
Epstein, Paluch, Gordy, & Dorn, 2000; Epstein, Valoski, et al., 1995; Epstein, Wing,
Koeske, Ossip, & Beck, 1982; Epstein, Wing, Koeske, & Valoski, 1985; for reviews
see Epstein, 1996; Epstein et al., 2001). Importantly, weight loss shown by treated
children was maintained at 10-year follow-up, by which point 30% of children were

no longer obese (Epstein et al., 1994). However, because measures of physical
activity and food intake were not reported, the behavioural mechanism for this

impressive weight loss and maintenance is unknown. Nevertheless, the magnitude and
persistence of weight loss indicates that behavioural changes in physical activity and
diet must have occurred. Such results suggest that the behaviour change techniques
employed by the treatment (e.g., self-monitoring, praise, contingency contracting,
modelling, stimulus control) were extremely effective in helping obese children to
change physically active and dietary behaviour.

In addition, behaviourally-orientated interventions appear more promising
than other intervention approaches in terms of increasing levels of physical activity.
Dishman and Buckworth (1996) conducted a quantitative synthesis of physical
activity interventions and found that effect sizes were significantly larger for
behaviour modification interventions, compared to other approaches, such as health
education. (Interventions were classified as “behaviour modification” if they

consisted of techniques such as reinforcement, stimulus control, and behavioural

contracts).
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The above studies provide substantial support for a behaviour analytic
approach to increasing children’s physical activity. Research reviewed in the
remainder of this chapter will focus on the key independent variables, as derived from
the fruit and vegetable intervention model, namely social factors (to include peer-
modelling) and rewards. This will determine whether there is appropriate empirical
support for the inclusion of these variables in an intervention to increase children’s
physical activity.

Given that pedometers may be used for both measurement and motivational
purposes (see Chapter 2), the effect of feedback provided by the pedometer on

physical activity levels will also be discussed.

Social Influences on Children’s Physical Activity

Modelling: imitation and observational learning. There is considerable

evidence that children may learn new behaviours simply by observing the actions of

others (Bandura, 1972).

In imitation, the observer’s behaviour corresponds to that of the organism that
has been observed (Catania, 1998). From a behaviour analytic perspective, imitation
is defined as a higher-order class of behaviour learnt through early social interaction
(Baer & Deguchi, 1985). Provided that some imitations are directly reinforced within
an observer’s imitative repertoire, the observer will imitate apparentl y novel
behaviours in the absence of direct reinforcement for doing so. This phenomenon is
known as generalised imitation. According to Baer and Deguchi (1985) the response

class of imitation is initially established through direct reinforcement by caregivers.

However over time, the similarity of the model’s behaviour and the observer’s

imitative responses becomes a conditioned reinforcer for new imitations. As lon g as
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some members of the response class are directly reinforced, generalised imitation will
be maintained.
Imitation is selective, however, and does not occur all of the time. Baer and

Deguchi (1985) argue that the reinforcing value of imitation is relative to the value of

other available activities. Thus the occurrence of imitation depends on the availability

of alternative responses in the natural environment.

In everyday life, people continually observe the actions of others and the
consequences that follow each action, that is, whether it is rewarded, ignored, or
punished. Observational (vicarious) learning is learning based on observing the
behaviour of another organism. Catania (1998) provides the example of rhesus
monkeys reared in the laboratory who do not show the fear of snakes that is displayed
by wild monkeys. If the laboratory monkeys observe a wild monkey behave fearfully
towards a snake however (e.g., by screaming and other agitated behaviour) they too
become fearful. This learning is based solely on observing the wild monkey’s
behaviour towards the snake. Observational learning is distinct from imitation
because the observer can observe the consequences of the model’s actions, to see
whether that behaviour 1s rewarded or punished. If the latter is true, then the observer
may learn not to do something.

In a classic study by Bandura (1965), children watched a video in which an
adult model’s aggressive behaviour towards an inflatable plastic doll was followed by
reinforcement (receiving candy and soda), punishment (being hit with a rolled-up
magazine), or no consequences (control group). When subsequently exposed to the
same doll, children who had observed the model being punished performed

significantly fewer matching aggressive responses compared to children who had seen

the model rewarded and control children. In the next phase of the experiment,
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children were offered rewards for imitating what the model has done in the video.
Modelled behaviour then increased and was observed to be equivalent across groups.
Thus performance of the modelled behaviour was influenced by the observed

consequences for the model, but to a greater extent by the consequences available to

the participant.

Modelling appears less effective over time if there is no direct reinforcement
of the observer’s imitation. In a study by Ollendick, Dailey, and Shapiro (1983),
children who observed another child being praised for performance on a puzzle task
(vicarious reinforcement) initially showed increased performance on that task as if
they too were being praised. However the observing children’s performance
deteriorated with time and 1t appeared that they were being implicitly punished (i.e.,
they were not being praised for performance that was similar, at least initially, to that
of the praised children). In contrast, when the observing children received intermittent

reinforcement their performance on the task was comparable to performance of

children receiving continuous reinforcement.

On this basis, we would expect modelling to be most effective in promoting
behaviour change when it is used in combination with direct reinforcement. In line

with this research, the Food Dudes programme consists of video-based peers who
model the target behaviour (i.e., eating fruit and vegetables) and a reward scheme to
ensure that the imitative responses of the observing children are reinforced. Research
has also shown that children are more likely to imitate a model who they like or
admire (see Lieberman, 1990), a model who is of the same age or slightly older than
themselves (Brody & Stoneman, 1981), and behaviour observed in several models

(see Leslie, 2002). Thus, there are four Food Dude characters who are slightly older

(12 to 13 years of age) than the target audience of primary school children.
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Parental and peer influences on children’s physical activity. Children and
adolescents may learn physical activity behaviours through observation and modelling
of influential characters in their lives, such as parents, peers, and media figures. For
example, the desire to look like figures in the media was associated with higher self-
reported levels of physical activity in 9- to 16-year old youth (Taveras et al., 2004).

Potential modelling effects within families may be inferred by examining
familial trends in physical activity. Research reviewed by Taylor, Baranowski, and
Sallis (1994) indicates that “studies with children of different ages, with families of
different ethnic backgrounds, and with different methods of assessing physical
activity consistently found significant familial resemblance in activity habits” (p.
320). It is therefore likely that family members influence one another’s activity
behaviours. Using an accelerometer measure of physical activity, Moore et al. (1991)
showed that 4- to 7-year-old children with active parents were significantly more
likely to be active than were children with sedentary parents, particularly those
children for whom both parents were physically active. There are a number of
possible mechanisms for the strong association between parent and child activity
levels; parents may act as role models for physical activity, parents may support
children’s participation in physical activity, parents and children may engage in
shared activities, or there may be a genetic predisposition towards being more active
(Moore et al., 1991).

Research has shown that family support for physical activity is strongly
correlated with child physical activity (Sallis, et al., 1999). This indicates that having
a supportive family helps children to be active. Family support for physical activity

can take a variety of forms; parents may discuss physical activity with the child,

purchase sports equipment, or provide transportation to sporting facilities.
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Observational studies have shown that prompts and encouragement from parents for
their child to be physically active were associated with higher levels of child physical
activity, most notably vigorous intensity activity (Elder et al., 1998; Klesges, Malott,

Boschee, & Weber, 1986).

Findings from the developmental psychology literature indicate that, as
children get older, peers may exert a stronger influence on behaviour than parents.
Buhrmester and Furman (1987) found that parents were important companions for 7-
to 11-year-old children, however 13- to 14-year-olds perceived same-sex friends as
their greatest source of companionship. On this basis, peers may be more instrumental
than parents in influencing physical activity, particularly for older children (Goran et
al., 1999). Adolescents who perceived that their peers were exercising frequently
reported more frequent exercising themselves (Luszczynska, Gibbons, Piko, &
Tekozel, 2004). Peer and parental influences to be thin in girls and peer influences to
be fit in boys were associated with greater hours of physical activity per week among
9- to 16-year olds (Taveras et al., 2004). Finally peer support, comprising modelling
and encouragement from peers, was a significant correlate of both parent-reported and
objectively-measured vigorous physical activity in children and adolescents (Sallis et
al., 2002). Influences of peers on physical activity thus appear strong even for
younger children.

In support of this, a playground observational study by McKenzie et al. (1997)
found that 4- to 6-year-old children were highly compliant to prompts to be active
from peers and teachers during school playtime. Recorded prompts for the child to
engage in physical activity were both verbal (e.g., “Will you play catch with me?”)

and nonverbal (e.g., throwing a ball to a child). As the children aged, they received

more prompts to be active from peers, whereas prompts from teachers decreased. On
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this basis, prompts and encouragement to be active delivered by peer models would
be expected to have a beneficial effect on the recipient children’s physical activity.
This technique is employed in the Food Dudes programme, in which the Food Dude

peer-models frequently prompt the children to eat fruit and vegetables during each of

the video episodes and through letters.

Effects of modelling and prompting on children’s physical activity. A number

of intervention studies have incorporated modelling and prompting of physical

y

activity as a behaviour change strategy. Recall that, as part of Epstein and colleagues
family-based treatment for child obesity, parents were instructed to model behaviour
that they wanted their child to repeat, such as being physically active (e.g., Epstein,
Wing, Woodall, et al., 1985). Epstein and Wing (1987) note that it may be unrealistic
to intervene with an obese child while other family members are modelling and
supporting behaviours that may counteract the treatment’s effectiveness. Due to the
simultaneous application of a number of behavioural change techniques as part of the
child obesity treatment (e.g., self-monitoring, praise, contingency-contracting), it is
not possible to determine the isolated effects of parental modelling on children’s
physical activity.

There is evidence that including parents in child obesity treatment enhances
the long-term maintenance of the child’s weight loss. Obese children significantly
maintained their weight loss at 5-year follow-up when their parents were also targeted
for weight loss and behaviour change, whereas children treated without their parents
returned to baseline levels (Epstein, Wing, Koeske, & Valoski, 1987). Despite
significant short-term weight change, targeted parents had returned to their baseline

weight at follow-up and thus probably did not continue to model appropriate

behaviour. This suggests that parent support contributed to the child’s maintenance of
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weight loss to a greater extend than parent modelling. Nevertheless, this highlights the
value of including parents in interventions to promote long-term maintenance of the

child’s behaviour change.

An intervention study by Katz and Singh (1986) used fictional characters as
models to increase recreational play in a group of children with developmental
disabilities. The intervention involved a sign being displayed in the playground that
showed two cartoon frogs, “Freddie and Freena”, engaging in the two target
behaviours of ball play and jungle gym play. Children were told that exercise is good
for them and that they could become members of Freddie and Freena’s club by doing
what the frogs were doing. ‘Additional intervention components involved praise and
members of staff taking photographs of children who were participating in the
targeted activities. A Polaroid camera was used so that reinforcing feedback was
immediately available to the child as a finished picture. There was an immediate
increase in children’s activity levels when the treatment was introduced. During the
subsequent 12-week maintenance phase, modelling cues and pictorial feedback were
gradually faded out, but teachers continued verbally reinforcing the children’s

participation in the target behaviours. Maintenance data showed that children

continued to participate in the target behaviours at a rate approximately three times
higher than baseline. This study provides strong evidence for the potent influence of
modelling in increasing children’s physical activity and, importantly, physical activity
was measured by direct observation, considered to be the gold standard for
measurement (see Sirard & Pate, 2001). The prompting procedure (e.g., signs,
cartoons, teacher reminders) was intended to be the key mediator of behaviour

change, however it is not known whether similar increases in activity would have

been obtained in the absence of either teacher praise or pictorial reinforcement.

61



Prompting procedures have been employed to increase levels of physical
activity in adults. Frequent telephone prompts were effective in increasing and
maintaining levels of walking in women (Lombard, Lombard, & Winett, 1995).
Furthermore, it is possible to increase activity levels using simple sign-posting

procedures. In a study by Brownell, Stunkard, & Albaum, (1980), a sign was placed
at the choice point between the escalator and stairs in a shopping centre, train station

and bus terminal. The sign stated “Your heart needs exercise... here’s your chance”
and was illustrated by cartoon drawings of an unhealthy-looking heart using the
escalators and a fit and healthy-looking heart using the stairs. The sign markedly

increased the number of people using the stairs, and effects persisted as long as 1

month after its removal.

No studies have experimentally investigated the isolated effects of modelling
on physical activity. Nevertheless, parents’ level of physical activity and support from
parents and peers appear important correlates of children’s physical activity,
furthermore intervention studies indicate that modelling and prompting procedures are
effective in increasing physical activity. Previous intervention studies have employed
either parent or cartoon character modelling, however peers may be even more
instrumental in influencing physical activity (Goran et al., 1999). Research, in
contexts other than that of physical activity, has also shown that modelled behaviour
is more likely to occur and be maintained over time if the observer’s imitations of that

behaviour are directly reinforced.

Rewards

The effects of rewards on children’s physical activity. In line with research
reviewed above, studies have shown that children’s physical activity may be

increased by the application of positive reinforcement techniques, whereby
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presentation of a reinforcing stimulus is made contingent on increases in physical
activity. A study conducted at a morning day camp for obese 5- to 8-year-olds aimed
to increase levels of activity during a 30-min free play period (Epstein, Woodall,
Goreczny, Wing, & Robertson, 1984). Following 4 days of baseline assessment of
free play activity (by direct observation), the physical activity treatment was
introduced. For 2 days children received a sticker if, at the random sounding of a
whistle, they were “caught” engaging in physically active behaviours. A 2-day
reversal phase was then introduced during which stickers were received if children
were caught sharing (i.e., playing or working with another child, sharing equipment)
independent of their activity levels. Following this, the physical activity treatment was

reintroduced for 1 day, followed by a second 1-day reversal phase. Stickers were used

to gain access to a special privilege play period. Results showed clear effects of the
sequential treatment phases; children’s activity levels increased from baseline during
treatment and decreased during reversal. The activity levels of a control group of
children remained stable throughout the study.

In a laboratory-based study by Epstein, Saelens, et al. (1995), obese 8- to 12-
year-old children played individually in a room. They had access to four active and
four sedentary activities during 45-min experimental sessions over 6 days (adaptation,
prebaseline, 3 days of experimental contingencies, postbaseline). During the pre- and
postbaseline days, no contingencies were in effect. During the 3 days of experimental
contingencies, one group of children earned a point for every minute they spent
engaged in one of the four active behaviours. Points were totalled over the three
experimental sessions and were subsequently exchanged for a choice of reinforcers,

including book tokens and baseball tickets, depending on the number of points that

were earned. Children exposed to this contingency were significantly more active on

63



experimental days than were control children for whom no contingencies were in
effect (they were provided with 35 points for each session regardless of their
behaviour). In a third group, children earned points for every minute they did not
engage in sedentary behaviours. This group showed similar increases in activity as the

group in which active behaviours were reinforced. This was a brief experiment

however and neither group maintained their increased activity at postbaseline.

Positive reinforcement techniques have been used to increase the physical
activity of children with developmental disabilities in naturalistic contexts. In the
stﬁdy by Katz and Singh (1986), reviewed in the previous section, members of staff
administered praise and took photographs of children who were being physically
active. Children’s activity showed a significant increase during the intervention, and
such increases were maintained at 12-week follow-up. As stated previously, the
design of the study did not permit separate assessment of each of the treatment
components. The efficacy of social reinforcement alone is demonstrated in a study by
Fujita (1995) which also aimed to increase children’s activity levels during free play
periods. In this study social reinforcement (applause by experimenter, class teacher,
and peers) increased pedometer-assessed walking rates by 52% and 24% in 5-year-old
boys and girls, respectively. These increases disappeared in a subsequent return to
baseline phase, but were reinstated when the reinforcement procedures were
reintroduced thus demonstrating that children’s walking rates were under control of
the social contingencies.

Contingency contracting. A contingency contract (or behavioural contract) is a
document that specifies a contingent relationship between the completion of specified
behaviour and delivery of a specified reward (Cooper, Heron, & Heward, 1987).

Recall that contingency contracts are a key component of the previously described



family-based treatment for obese children (Epstein, 1996; Epstein et al., 2001) and
have been used to contract for weight loss, and for meeting dietary and exercise goals
(e.g., Epstein, Wing, Woodall, et al., 1985). In a study with university students, the
use of contingency contracts increased exercise participation in 7 out of 8 participants,

and these increases were maintained at 1-year follow-up (Wysocki, Hall, Iwata, &

Riordan, 1979).

In a home-based study to increase activity levels of low-fitness children,
(Taggart, Taggart, & Siedentop, 1986) a family contingency contract was negotiated
between the parents and child. In the contract, the child agreed to increase daily
activity levels to meet a preset number of points in return for an agreed-upon reward
(e.g., money, social outings, food, etc). A provided list showed examples of activities
and their resﬁective point values; higher intensity activities were assigned the highest
number of points. In a changing-criterion design (Kazdin, 1982), the number of
activity points each child had to earn to receive reinforcers became progressively
greater each week. Following implementation of the intervention, 11 out of 12
subjects systematically began to increase their activity levels (according to parental
recordings) and 88% of reinforcement criteria were accomplished. This is a strong

indication that the children’s physical activity was under the control of the
contracting-based intervention.

In most contracts, the reward, although contingent, is too delayed to directly
reinforce the specified behaviour (Cooper et al., 1987). It is therefore likely that rule-
governed behaviour is involved in mediating the effects of contingency contracts. A

contract states a strong rule that a specified behaviour will produce a specified

consequence. Delayed consequences may thus exert control over behaviours
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performed hours or days previously if they are linked by verbal behaviour to the rule
(Cooper et al., 1987).

Reinforcing increases in physical activity versus decreases in sedentary
behaviour. Being sedentary and being physically active are incompatible response
classes. In the study by Epstein, Saelens, et al. (1995), children who received

reinforcement for not engaging in sedentary behaviours showed similar increases in

active behaviours to the group in which active behaviours were reinforced. This
suggests that an intervention designed to increase children’s physical activity could
either reinforce increases in physical activity or alternatively reinforce decreases in
sedentary behaviour. Epstein, Valoski, and colleagues (1995) compared the effects of

these two approaches on child weight loss and behaviour change. As part of family-

based treatment for child obesity, children received reinforcement for either

decreasing sedentary activity or for increasing physical activity. At 1-year follow-up,
the “decrease sedentary” group lost significantly more weight and reported lower

caloric intake than did the “increase activity” group, although both groups equally

improved fitness.

The implication from this study is that reinforcing reduced sedentary
behaviours leads to better weight loss in obese children than reinforcing increased
physical activity. The authors interpret the apparent superiority of the former
approach in terms of perceived control and choice. Reinforcing a reduction in
sedentary behaviours allows children the opportunity to choose how to allocate their
newly available time. Providing individuals with choice-making opportunities may
produce reinforcement effects that are relatively independent of the consequences
associated with each response option (Fisher & Mazur, 19975. As a result of the

opportunity to choose among alternative activities, children may also perceive
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increased control over their activity options and this may increase the reinforcing
value of the substituted behaviours (Epstein, Valoski, et al., 1995). Targeting
reductions in sedentary behaviours may also reduce conditioned cues for eating, and
this is consistent with the observed lower caloric intake in the “decrease sedentary”

group.

There are several reasons however for preference to be given to the approach

of reinforcing increases in physically active behaviours. If rewards are contingent on
the absence of a particular behaviour, although the child is provided with choice, he
or she is given no guidance as to how best to reallocate his or her behaviour. Research

indicates that rewards are more effective when their presentation is explicitly tied to
performance standards (Cameron, Banko, & Pierce, 2001; Dickinson, 1989).
Although children in the “decrease sedentary” group are provided with explicit
instruction for how not to behave (e.g., “spend less than 35 hr per week in sedentary

activities”), they are not provided with performance standards that specify the

appropriate way to behave.

Furthermore, in order to be of maximum effectiveness, rewards should signal
to the child that they are for behaviour that is both high status and enjoyable (e.g., see
Horne et al., 2004; Lowe et al., 2004). This message will not be conveyed by
contingencies that specify a decreased level of (undesirable) behaviour. In addition,
rewards should signify the individual’s competence or ability at the task (Cameron et
al., 2001). The Food Dudes programme avoids giving negative messages about less
healthy foods and focuses instead on the intrinsic virtues and enjoyment of eating fruit
and vegetables. Rewards are presented as indicators of the children’s positive

achievement and success in eating these foods. The symbolic context of reward

delivery is thus entirely positive (Horne et al., 1995; Lowe et al., 1998). When using
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rewards to promote physical activity, it is therefore preferable to focus on the positive,
health-enhancing consequences of being active, rather than conveying negative

messages about being sedentary.

Finally, a more recent comparison found that the two approaches (targeting
decreased sedentary behaviours vs. increased physical activity) were associated with

similar weight loss and increases in fitness over 2 years of observation (Epstein et al.,
2000).

The importance of choice in physical activity interventions. If interventions
focus on increasing levels of physical activity, it is clearly important that children are
given the opportunity to choose how this activity is accumulated. Adults who
perceived choice in selecting exercises showed better adherence to an exercise
programme than did a control group who did not perceive any choice (Thompson &
Wankel, 1980). Research by Epstein and colleagues (Epstein et al., 1982; Epstein,
Wing, Koeske, et al., 1985) compared the outcomes of a programmed exercise
regime, with a more flexible, lifestyle exercise programme, as part of family-based
treatment for child obesity. In Epstein et al. (1982), parents arranged point economies
with their children and drew up contracts stating rewards that the child could receive
for earning exercise points. Children in the programmed exercise group were required
to do one aerobic exercise at the same time each day and all exercise points had to be
earned within this one daily session in order to promote continuous, high-intensity
exercise. In contrast, children in the lifestyle programme could earn their exercise
points in any way they liked, they did not have to earn all their points in one session
but could break up their exercising.

Both groups showed significant and similar weight loss during the 8-week

intensive treatment. At 18-month follow-up only the lifestyle exercise group had
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maintained their weight loss whereas the programmed exercise group showed weight
gain that returned almost to baseline. Both exercise groups showed an improvement in
fitness at the end of treatment, although superior fitness changes were produced by
programmed exercise. Better fitness changes would be expected in the programmed
exercise regime because it involved greater intensity exercise than did the lifestyle
exercise. During maintenance, however, fitness levels of the programmed group
deteriorated whereas the lifestyle group maintained their improved fitness. These

results indicate that better long-term adherence to the exercise schedule was achieved

in the lifestyle group compared to the programmed exercise group.

The long-term superiority of lifestyle exercise was again demonstrated by
Epstein, Wing, Koeske, et al. (1985). In this study, the lifestyle exercise group had
maintained relative weight changes at 24-month follow-up, whereas the programmed
exercise group and a control group had returned to baseline levels. Exercise
programmes that emphasise lifestyle changes (e.g., using stairs, walking or cycling
instead of taking the car) thus appear to produce better adherence and maintenance of
weight loss than those involving structured, aerobic activity.

The lifestyle exercise programme provided the opportunity to make more
varied beilavioural changes which may have been better incorporated into the child’s
routine than the rigid schedule of programmed exercise (Epstein et al., 1982). Reward
contingencies that specify an increase in activity level should therefore allow choice
and flexibility in terms of how the additional activity is accumulated. Furthermore,
given the highly intermittent activity patterns of children (Bailey et al., 1995), it may

be beneficial for reward contingencies to allow increased activity to be accumulated

over time.
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Pedometer Feedback

In Chapter 2 it was noted that a pedometer has been used as a motivational
tool in addition to serving as an objective measure of physical activity. A pedometer
provides immediate information on the wearer’s activity level and may be used as a
feedback tool and as a cue to be active (Tudor-Locke, 2002).

Pedometers were first used as motivational tools in Japan. In 1965, a
pedometer appeared on the Japanese commercial market under the name of “Manpo-
kei” which translates to “10,000 steps meter” (Tudor-Locke, 2002, 2003). The goal of
10,000 steps was widely accepted by the Japanese public and was promoted as a

slogan by walking organisations and health promotion efforts. In Japan today people

continue to be aware of the slogan and most households own at least two pedometers
(Tudor-Locke, 2003). Publication in English-language journals meant that Japanese
research on pedometers (e.g., Yamanoucht et al., 1995) became accessible to English-
speaking societies.

Although 10,000 steps seems a reasonable estimate for a desirable level of
physical activity in healthy adults, there is currently little empirical evidence to
suggest that this threshold is related to health outcomes (Tudor-Locke, 2002).
Nevertheless, in a study with adults with type 2 diabetes, Tudor-Locke et al. (2002)
found that individuals who averaged more than 8,645 steps per day had significantly
lower BMI than individuals who took fewer steps.

The effects of pedometer interventions on adult physical activity. A number of
intervention studies have used pedometers to increase activity levels above the 10,000
steps per day threshold. In an 8-week pedometer-based study by Croteau (2004), adult

participants set activity goals and self-monitored the number of steps taken using a

daily personal activity log. A counselling session prior to beginning the intervention
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advised participants in terms of setting appropriate goals. Participants who completed
more than 10,000 steps per day at baseline were recommended to maintain this level
of steps. Participants who completed between 8,000 and 10,000 steps per day were
advised to increase their daily steps by 5% every 2 weeks. Finally, participants who
averaged fewer than 8,000 steps per day were advised to increase daily steps by 10%
every 2 weeks. The 5% and 10% goals were used so that most of the participants
would meet or exceed the 10,000 steps goal by the end of the intervention. There was
a significant increase in steps per day from a mean of 8,565 at baseline to 10,538 after
the intervention. Consistent with the set goals, the largest increases in activity were

shown by the group who showed the lowest number of daily steps at baseline.

In a similar intervention, adult women were encouraged to wear pedometers
and to walk 10,000 steps per day. At 8-week follow-up, improvements in the amount
of physical activity were predicted by setting daily step goals, keeping a log of steps

walked, and wearing the pedometer all of the time (Rooney, Smalley, Larson, &

Havens, 2003).

The 10,000 steps per day goal is likely to be too high for sedentary individuals
(see Tudor-Locke, 2002) and too low for children. Vincent and Pangrazi (2002a)
suggested standards of 11,000 and 13,000 steps per day for girls and boys,
respectively, on the basis of their large monitoring study of children’s activity levels
conducted in the southwest United States. However Vincent and Pangrazi found great
individual variability in steps per day among children of the same age, and
acknow;vledge that a single standard is likely to be too low for the most active children
yet too high for the least active children. Rowlands et al. (1999) found substantially
higher activity levels among 8- to 11-year-old Welsh children, with average daily step

counts of 16,035 and 12,729 for boys and girls, respectively. The difference in step
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counts between these two studies may be attributable tb different geographical
locations. This research suggests that one universal step goal for all children may not
be appropriate.

When using pedometers to increase physical activity, an alternative approach
is to set personally relevant goals that specify an increase from individual baseline
levels of activity (Tudor-Locke, 2002). This approach was used in the First Step
Program, in which pedometers were used to establish baseline levels of physical
activity and to facilitate personal goal-setting, self-monitoring, and feedback. During
the initial 4-week adoption phase, participants attended weekly group meetings with a
facilitator. Participants wore pedometers daily, set individual steps per day goals, and
self-monitored their progress using a personal calendar. At weekly meetings,
participants were assisted by the facilitator in setting new goals. During the
subsequent 12-week adherence phase, participants continued to self monitor their
progress and reset goals as required, but contact with the facilitator was limited.
Participants were not given instruction about the number of steps that should be
achieved, and goals for increasing physical activity were entirely self-determined. As
a result of taking part in the programme, sedentary, but otherwise healthy, workers
increased their steps per day from 7,029 at baseline to a plateau of 10,480 during the
intervention. Participants also experienced significant reductions in BMI, waist girth,
and resting heart rate (Chan, Ryan, & Tudor-Locke, 2004). In another evaluation of
the First Step Programme, adults with type II diabetes increased their daily steps from
5,754 at baseline to 9,123 at the end of the adherence phase, whereas control
participants showed no change in steps per day (Tudor-Locke, Bell, et al., 2004).

At present it appears that the only published intervention studies using

pedometers in this way are with adults (see also review by Tudor-Locke & Myers,

72



2001). It is yet to be determined whether the use of the pedometer with goal-setting
and self-monitoring procedures would be sufficient to increase physical activity in
children. Because children show highly variable levels of activity, it may be more

appropriate to select individualised step goals on the basis of each child’s baseline

level of activity.

With relevance to the previous section, when used in combination with a
reward system, pedometers may be particularly effective in terms of establishing
physical activity goals and providing feedback. For example, reward contingencies
could specify the accumulation of a criterion number of pedometer counts (steps)
within a specified time period. There are a number of advantages associated with
using pedometers in this way in the natural environment. For example, it would be
possible to allow the child to choose how additional steps are accumulated thus
promoting flexibility. The reward contingency could specify an increase in total steps
over the course of an entire day which would allow for the intermittent activity
patterns of children. Finally, the use of the pedometer enables both the child and the
individual who administers the rewards to monitor the child’s progress with accuracy.
This is important because rewards appear most effective when their delivery is
contingent upon actual performance (e.g. see Cameron et al., 2001; Dickinson, 1989).

The following section will review two recent studies that have used activity

monitors to specify the level of physical activity required to obtain access to

reinforcement.

Rewards and Pedometer Feedback

In a laboratory-based study by Goldfield, Kalakanis, Ernst, and Epstein

(2000), 34 obese 8- to 12-year-old children played individually in a room containing

various physical and sedentary activities during a 20-min “activity phase”. All
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children wore pedometers, were taught to check their pedometer counts during the
session, and were told “the higher the number of pedometer counts, the more active

you are” (p. 890).

Prior to beginning the activity phase, children were randomly assigned to one
of three groups. In the “Contingent 1,500 group” children were required to
accumulate 1,500 step counts during the activity phase in order to earn 10 min of time
for television activities (i.e., playing video games or watching films) during a
subsequent “reinforcement phase”. In the “Contingent 750 group” children were
required to accumulate 750 step counts during the activity phase to earn 10 min of

television activities during the reinforcement phase. In the control group there were

no contingencies in place.

The three available physical activities were a step machine, a trampoline, and
a ski machine. Children in the control group had access to television activities during
both phases of the experiment whereas children in the two experimental groups had
access only during the reinforcement phase. Reading materials were freely available

to both groups during both phases.

In addition to the pedometers, all children wore Tritrac accelerometers for
experimenter measurement of physical activity. Results showed that, during the
activity phase, children in the Contingent 1,500 group were significantly more active
than children in the Contingent 750 group, who in turn, were significantly more active
than control children. This study demonstrates that when pedometer-based reward
contingencies are in operation, significant increases in physical activity occur. The
higher activity goal led to higher levels of activity in comparison to a lower goal,

indicating that physical activity behaviour was under control of the experimental

contingencies.
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Unfortunately, however, data are presented as accelerometer counts so it is not
possible to determine the extent to which observed pedometer counts matched the
levels specified by the contingencies. It would have been useful to include a baseline
phase to determine activity levels in the experimental setting prior to the introduction
of the contingencies. Furthermore, children in the control group may have been less
active during the activity phase simply because they had access to television activities
which were not available to the two experimental groups at this point.

These results were obtained by a one-session laboratory study. It is important
to determine whether pedometer-based reward contingencies may be used to increase
physical activity over time in naturalistic settings. Roemmich, Gurgol, and Epstein

(2004) adapted the Goldfield et al. (2000) study to increase the physical activity of 18

nonobese sedentary children in the home environment. In this study, children (aged
between 8 and 12 years) wore accelerometers rather than pedometers to receive
feedback on their activity levels, and the accelerometer also provided an objective
measure of physical activity. The study commenced with 1 week of baseline
monitoring, during which all children wore accelerometers with the display turned off

to prevent them from receiving feedback on their activity levels.

For the following 6 weeks of treatment, in the experimental group only,
physical activity during the current week was used to determine the amount of
television time for the following week. Children were given a goal of 400 activity
counts per day and were told that 400 counts were equal to 60 min of television time.
(The aim was to set a ratio of 1 min of moderate intensity activity to earn 1 min of
television time. Pilot testing by the experimenters indicated that 1 hr of moderate to
vigorous physical activity in children accrued an average of 371 activity counts. This

was rounded up to 400 counts to simplify the conversion of activity counts to
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television time for the child). The accelerometer display showed tallied counts so
children received immediate feedback on t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>