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SUMMARY 

The literature suggests that children exhibit low levels of habitual physical 

activity and that many children rarely undertake the volume of physical activity 

believed to confer health benefits. Therefore, there is currently considerable scope for 

exploring the external validity and application of child-specific effort rating scales 

within a physical education environment. The introduction of such scales would help 

to determine if children can understand and apply effort sense, and use of such a 

concept could aid achievement of a range of attainment targets within the health­

related physical education curriculum. Such attainment targets include awareness of 

what happens to the body during exercise, and for the child to be able to recognise and 

describe how the exercise makes them 'feel' (Harris, 2000). 

This thesis incorporates four related studies which examine the ability of 

school children (aged 7 - 11 years) to utilise the psychophysical concept of perceived 

exertion (or effort perception) during stepping ergometry, cycle ergometry, and the 

real-world setting of a physical education class. 

Since the emergence of child-specific effort rating scales, the scope for 

researching children's perception of exercise effort is now broader than ever before. 

Pictorial versions of paediatric effort rating scales have tended to depict youth 

cyclists; OMNI Scale of Perceived Exertion and the Cart and Load Effort Rating Scale 

(CALER). To address the issue of scale mode-specificity, the present studies set out 

to determine whether such scales could be used to assess the exertional perceptions of 

children engaged in other dynamic modes of exercise, such as stepping. 

In addition, the performance of a recently developed mode-specific (stepping) 

paediatric exercise scale (Bug and Bag Effort (BABE) Scale) was explored across 
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exercise modalities. The design of the external validity study also considered the 

importance of children's personal scale preference. 

The key outcomes of the current research were: 

1. Children were able to adjust their exercise intensity (loading) to match three 

specific levels of perceived exertion using the Children's Effort Rating Table 

(CERT) and CALER Scales during an intermittent stepping protocol. 

11. Children were able to reproduce objective effort [Heart Rate (HR) and Power 

Output (PO)] using the pictorial versions of effort rating scales (CALER and 

BABE) with a higher degree ofreliability compared to use of the CERT. 

111. Regardless of the type of paediatric effort rating scale employed, practice 

improved the reliability of results. 

1v. The BABE Scale was found to be a valid and highly reliable tool for 

quantifying children's effort perception and for regulating exercise output. 

v. Children preferred the BABE Scale to the CALER Scale in these exercise 

studies. 

v1. Use of the CALER and BABE Scales produced similar results across exercise 

modalities (stepping and cycling), indicating that either effort rating scale may 

be employed during these exercise tasks. These pictorial versions of paediatric 

effort rating scales were found to be intermodal, both scales provided similar 

consistencies within exercise modes. 

vn. For their normal Physical Education classes ( circuit training), children were 

able to use the BABE Scale to regulate their exercise effort on specific 

activities. 
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vm. Children were more reliable in their production of exercise effort at a lower 

perceived exertion level (Effort Rating Level 3) during the circuit training, 

compared to the higher perceived exertion level (Effort Rating Level 8). 

1x. Children felt more competent completing the exercise circuit with use of the 

BABE Scale compared to exercise circuits completed without use of the 

BABE Scale. 

x. Recommendations for scale modifications include the addition of familiar 

verbal cues to all numbers, to further aid interpretation of exercise effort. 

x1. Further research with the BABE Scale amongst children of various ages and 

across different Physical Education activities is recommended. The potential 

for using the BABE Scale as a resource for assisting with the delivery of 

Health-Related Exercise within the national curriculum should be explored. 

13 



CHAPTER! 
INTRODUCTION 
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Structure of the thesis 

This thesis reports on a series of four empirical studies conducted between 

1999 and 2001 into the ability of children to express their perception of exercise effort 

(perceived exertion) during randomised intermittent stepping ergometry, 

discontinuous cycle ergometry and the real-world setting of a physical education class. 

The aim of these studies of effort perception in children is to provide a valid 

and reliable tool which children might use, and enjoy using, to be made aware of how 

they feel when they exercise and to provide an understanding of why they feel that 

way. Such scales could assist with the delivery of Health-Related Exercise (HRE) 

within the national curriculum in schools, to help children demonstrate that they 

understand what is happening to their bodies during exercise, an aim set out by the 

HRE Working Group (Harris, 2000) . . If children can learn to use and apply their effort 

sense in a variety of physical education activities this may help to regulate exercise 

intensity at a level which would be expected to confer physiological benefits. 

To address many of the research questions relating to physical activity and 

health, it is essential to have a valid measure of physical activity. The rationale for 

this research was the introduction of new child-specific rating scales for assessing 

effort perception; the Children's Effort Rating Table (CERT) (Williams et al., 1994), 

OMNI Scale of Perceived Exertion (Robertson and Noble, 1997), and the Cart and 

Load Effort Rating Scale (CALER) (Eston and Lamb, 2000). In addition, to explore 

the efficacy of the newly developed Bug and Bag Effort (BABE) Scale designed for 

children participating in stepping protocols. These scales were developed specifically 

with children in mind, rather than the scale designed for adults, the Rating of 

Perceived Exertion (RPE) Scale. 
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The sequence of the four studies represents a developmental process. The 

first study was designed to collect preliminary information on the validity and 

reliability of the BABE and CALER Scales as tools for use with children during 

randomised intermittent stepping ergometry. This study also investigated whether 

pictorial representation (use of BABE and CALER) helped to improve reliability of 

effort perceptions over trials, as compared to the use of the CERT. In order to 

comprehensively address the issue of scale reliability, the Intraclass Correlation 

Coefficient and 95% Limits of Agreement methods of statistical analyses were 

applied. Data from this study were presented at the 10th World Congress of Sport 

Psychology in Greece, (Eston, Parfitt and Shepherd, 2001 ). 

The second study was designed to address a potential criticism from the first 

study, and examined the effect of step height on stepping efficiency in children. In 

order to explore the relationship between hip angle and stepping efficiency, equations 

presented by Francis et al. (1998) were applied to the participants from the first study, 

in order to determine the range of hip angles that the children were working at during 

the intermittent stepping task. Results were presented to the School of Sport, Health 

and Exercise Sciences; The University of Wales, Bangor, and showed that the children 

were at optimal efficiency during the stepping protocol and had not been at a 

mechanical disadvantage. Alterations between subjects for relative leg length and hip 

angle did not result in significant changes in the physiological economy of the 

stepping task. Results were therefore shown to be valid. 

The BABE Scale, depicting an ant stepping with a backpack of coloured 

rocks, had been specifically designed for use with children during stepping protocols. 

The CALER Scale, depicting a youth cyclist towing a cart loaded with bricks, has 

mainly been employed for children participating in cycling protocols. The third study 
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was therefore designed to evaluate the validity and reliability of the BABE and 

CALER Scales for intra- and intermodal regulation of effort production using 

intermittent cycling and stepping ergometry. This study also examined the issue of 

scale preference in study design. 

Building on this, the fourth study addressed an important and previously 

under-explored area of scale generalisability, by exploring the external validity of the 

BABE Scale in physical education classes ( circuit training) for children. 

The final section of this thesis (excluding appendices) concludes the current 

programme of research. Consequently it summarises the insight gained and offers 

guidance for future investigations in this area. 

Summary of Review of Literature 

The interest in adult's perception of exercise effort has been buoyant for over 

30 years and remains the focus of considerable research activity amongst exercise and 

sport scientists. The application of perceived exertion is now established amongst 

clinicians, but was first recognised by Gunnar Borg in 1970, who acknowledged that 

self-reports of perceived exertion had a place in training and rehabilitation settings. 

It is pertinent to review the literature relating to effort perception in adults 

since this 'sets the scene' for the ensuing programme of research on effort perception 

in children. The following review of literature will show that a body of research on 

children and effort perception has developed over the last twenty years. By accepting 

that a tool like the rating of perceived exertion (RPE) scale has face validity (with 

regard to the verbal expressions used) and criterion validity (with regard to its 

association with objective measures of effort), a platform is created from which 

alternative, subject-specific scales, such as those that feature in the studies of children 

that follow, can readily be devised and their utility assessed. 
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In general, more attention deserves to be given to assessing the efficacy of 

alternatives to the RPE Scale, in order that prospective consumers of this knowledge, 

such as physical educators and health promoters, can begin to contemplate their 

external validity in a variety of exercise settings. 

There are a number of different perceived exertion scales that have been 

developed to assess subjective effort during exercise in children. These include the 

CERT (Williams et al., 1994), OMNI Scale (Robertson and Noble, 1997), and 

CALER Scale (Eston et al., 1999). 

In paediatric exercise science over the last thirty years, the Borg (1970) 6-20 

RPE scale has been the most widely used scale of perceived exertion. Until the 

1980's, relatively little information was available on the way children and adolescents 

rated the intensity of their effort, although the possible use of the RPE in prescription 

of exercise for healthy or disabled children was suggested. Since the introduction of 

the CERT and development of the OMNI and CALER scales it is now accepted that 

the Borg RPE scale is unsuitable for use with children. The range of ratings (6-20) 

and verbal cues used to describe the ratings were designed for adults. The literature 

indicates that children have found the structure of the RPE scale awkward to 

conceptualise and thus comprehend, which questions the validity of using the RPE 

scale with children. 

Regardless of the choice of scale, it is important that children are familiar 

with using the scale to maximize the likelihood of reliable and valid ratings of effort 

sense. This will include cognitively appropriate scale i'nstructions, anchoring of the 

scale (i.e., assigning a low and high perceived exertion level so that during exercise 

children can be instructed to use the scale anchors to define the range of feelings 

18 



within which to estimate or produce a level of effort on the scale), and adequate 

practice to improve reliability of exercise effort. 

The new child-specific effort rating scales have a more familiar (1-10) 

numerical range of effort, and verbal cues which accompany all 10 numbers, 

representing words chosen and understood by children as descriptors of exercise effort 

(Williams et al., 1994). These scales offer an attractive and more valid alternative for 

use with children and have the potential application of encouraging / increasing 

physical activity and the delivery of optimal training intensities during school-based 

physical education lessons. Epstein et al. (1985) recommend the encouragement of 

lifestyle activities over regimented activities, since recreational and 'fun' activities 

will increase adherence. Simons-Morton et al. (1987) argued that increasing 

children's physical activity was a more important health goal than improving physical 

fitn.ess. Health professionals and teachers should consider the special and important 

role school physical education has in encouraging children' s physical activity. The 

hypothesis is improved physical education programmes for children could help 

prevent the next generation of adults from becoming so sedentary, thus reducing the 

incidence of hypokinetic disease. Health-related physical education programmes 

(Dwyer et al., 1983; Maynard et al., 1987) have been shown to improve children's 

levels of physical activity and decrease their coronary heart disease risk factors. 

The literature suggests that physical activity in children is vital to health. Use 

of child-specific effort rating scales in a physical education environment may be 

desirable to; i. Encourage children to be more active, and ii. Enable children to self­

regulate exercise. m. Help achieve a range of Health-Related Exercise (HRE) 

attainment targets in the national curriculum for Physical Education and, iv. Could 

also be used as a tool to aid class discipline. 

19 



CHAPTER2 
REVIEW OF LITERATURE 

Effort Perception 

The Use of Effort Rating Scales to Control Exercise Intensity in 
Children 
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1. Physical Activity and Health in Adults 

Prior to reviewing the literature on physical activity and health in children, it 

is pertinent to examine the relationships between physical activity and health in adults, 

since this provides a benchmark for paediatric studies. 

Morris and colleagues (1953) were the first to compare the prevalence of 

coronary heart disease between active and sedentary adults. They compared 

' sedentary' bus drivers with ' active' conductors who worked on double-decker buses 

for the London Transport Executive. It was reported that the more physically active 

conductors had 30% less occurrence of all manifestations of coronary heart disease 

and 50% fewer myocardial infarctions. Mortality from coronary heart disease was 

less than half as frequent in the conductors. In addition, when compared to less active 

government workers, postmen, like conductors, seemed to have protection against 

coronary heart disease. More difficult to explain was that the more active individuals 

in this study, i.e., the conductors and postmen, had approximately twice the frequency 

of angina pectoris. However, the study provided evidence that exercise protected 

against heart disease and helped to reduce premature mortality. To gain some 

protective effect, Morris et al. (1953) noted that considerable amounts, or high 

intensities of exercise, were not required. 

In a follow-up study on the Physique of London Busmen, Morris et al. (1956) 

reported that on entry into the Transport Executive, for any given height, the bus 

drivers were fitted with trousers that had at least a 1-inch larger waist circumference 

than those of the conductors. In addition, the drivers had higher serum cholesterol and 

blood pressure levels (Morris et al., 1966). However, because the drivers and 

conductors were already different upon entry into the Transport Executive, it was 

difficult to determine if the higher physical activity levels of the conductors assisted in 
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lowering their coronary heart disease risk, or if the conductors were different, even 

before entry into the Transport Executive. 

In adults, physical fitness and activity are inversely related to mortality 

(Paffenbarger et al., 1986; Powell et al., 1987; Blair et al., 1989). Epidemiological 

studies on the physical activity and mortality rates of Harvard College alumni 

(Paffenbarger et al., 1994; Paffenbarger and Lee, 1997; Lee and Paffenbarger, 1998, 

2000, 2000a) have shown that adopting and maintaining a physically active lifestyle, 

quitting cigarette smoking and remaining normotensive independently delayed all­

cause mortality and extended longevity. 

Being overweight, with a family history of hypertension, increased the risk of 

developing hypertension, which itself, was reported to be a strong predictor of 

premature death (Paffenbarger and Lee, 1997). The intensity of the physical activity is 

reported to be more important than the energy output levels in reducing risk of 

hypertension and preventing premature death (Paffenbarger and Lee, 1997). 

Participation in moderately vigorous sports led to a reduced risk of hypertension. 

Light sports, walking, and climbing stairs were reported not to alter that risk 

(Paffenbarger and Lee, 1997). 

Physical activity is reported to be associated with decreased risk of stroke in 

men (Lee and Paffenbarger, 1998). Walkin~ 20 -km/wk and expending 1000-2999 

kcal/wk was reported to be associated with significantly lower risk, independent of 

other physical activity components (Lee and Paffenbarger, 1998). In addition, data 

from Lee and Paffenbarger (2000a) suggest that accumulation of short bouts of 

physical activity were associated with decreased coronary heart disease risk. This 

might be a more attractive exercise option to sedentary individuals who are trying to 
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increase their activity levels, compared to undergoing longer, continuous, physical 

activity. 

In conclusion, a sedentary lifestyle in adulthood is a major factor contributing 

to the increased prevalence of coronary heart disease and stroke (Boyd Eaton et al., 

1988). By improving fitness in middle age, all-cause mortality can reduce by more 

than 50% (Erikssen et al., 1998). Public health professionals should emphasise and 

promote the need to reduce adult sedentary behaviour by increasing leisure-time 

activity levels, as well as incorporating physical activity into daily life (Lee et al., 

1997). Activities that have been reported to significantly reduce risk of developing 

coronary heart disease include mowing the lawn (Leon et al., 1987), walking and 

climbing stairs (Paffenbarger et al., 1986) and gardening (Leon et al., 1987). Such 

activities may not be ideal for increasing activity levels in children. However, the data 

suggests that total energy expenditure might be the main dimension of activity for 

improvement of health in sedentary adults, rather than the mode, intensity, frequency 

or duration of physical activity (Boreham and Riddoch, 2001). 

2. Examining Physical Activity in Children and Youth 

2a. Evaluating Physical Activity and Energy Expenditure in Children 

The apparent decline in children's physical fitness represents an important 

national concern (Ross and Pate, 1987; Cale and Almond, 1992; Armstrong, 1995, 

1995a; Armstrong and Weisman, 1997). Researchers have attempted to gather 

information on children's perspectives on exercise and physical activity in order to 

increase knowledge about the role of attitudinal and belief characteristics to children's 

activity patterns. In order to do this, a variety of scales have been developed including 

a scale for assessing children's perceptions of physical competence (Harter, 1982), 
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children's intrinsic / extrinsic motivational orientation in physical activity and sport 

(Weiss et al., 1985) and a scale to measure children's knowledge about exercise 

behaviour and exercise intentions (Ferguson et al., 1989). 

Other scales have been developed in order to examine energy expenditure 

levels in young children. The five-level Children's Activity Rating Scale (CARS) 

designed by Puhl et al. (1990) was used to categorise the intensity of physical 

activities and discriminate between levels of energy expenditure. Energy expenditure 

for each level was assessed by measuring oxygen consumption and heart rate of 5-6 

year old children (12 boys, 13 girls) whilst they performed 8 activities representing the 

CARS levels. Oxygen consumption levels and heart rates at each level were 

significantly different from all other levels. It was reported that the CARS 

encompassed a wide range of energy expenditures, distinguished between energy 

expenditure levels and could be used by researchers to reliably evaluate physical 

activity and estimate energy expenditure of young children (Puhl et al., 1990). 

In 1991, Brustad reviewed the use of psychometric scales including the 

Children's Attitudes Towards Physical Activity (CATPA) developed by Simon and 

Smoll (1974). This scale was directly patterned after the adult scale by Kenyon 

(1968); Adult's Attitudes Towards Physical Activity (AATPA). It was reported that 

CATP A had questionable validity, the six factors on the scale were developed from 

adults not children, and the scale was found to have poor test-retest reliability (Smoll 

and Schutz, 1980). Measures employed must be appropriate for use with children, 

instruments from adult populations, which reflect adult ideas about how children 

should think, are not deemed suitable. Researchers must thoroughly assess the 

psychometric properties of measures they employ and future research should explore 

children's orientations towards health-promoting aspects of physical activity, not only 
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attitudes towards participation in sport or physical education (Brustad, 1991). The 

validity and reliability of assessment scales must be established so that future 

investigators can use such measures with confidence. 

Physical inactivity is becoming a major public health problem. Children's 

physical activity levels have declined in recent decades, with children today 

expending approximately 600 kCal /day less than their counterparts 50 years ago 

(Boreham and Riddoch, 2001). Physical inactivity during childhood is believed to be 

a significant risk factor for cardiovascular disease in adulthood (Sallis et al., 1992; 

Paffenbarger and Lee, 1996). Three main benefits from adequate physical activity in 

childhood have been highlighted by Boreham and Riddoch (2001 ); i. Active children 

generally display healthier cardiovascular profiles, ii. There is a biological carry-over 

effect from childhood into adulthood, whereby adequate childhood physical activity 

suggests improved adult health , and iii. There may be a behavioural carry-over into 

adulthood, whereby active children are more likely to become active (healthy) adults. 

However, measurement of activity in children is problematic (Riddoch and Boreham, 

1995). A need, therefore, exists to find a valid and standardised method for assessing 

habitual physical activity levels in childhood. 

The validity of methods used to evaluate physical activity and energy 

expenditure levels of children has been questioned. Saris (1985) and Rowlands 

(2001) reviewed a range of methods used to assess and evaluate daily physical activity 

and energy expenditure in children and discussed the problems associated with 

assessment. Amongst the methods reviewed were indirect calorimetry, doubly 

labelled water, observation, heart rate monitoring, activity questionnaires and diaries, 

and movement counters. It was reported that in most methods, conclusive validation 

studies had yet to be undertaken (Saris, 1985). Each of the methods presented had at 
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least one negative aspect, such as a low degree of social acceptability, and 

questionable reliability. For example; for children completing activity questionnaires 

there were limitations associated with the recall of activities. It was therefore 

recommended that a combination of methods be used to measure daily physical 

activity and energy expenditure in children (Saris, 1985). 

2b. Use of Pedometry 

Studies that have used mechanical pedometers (Gayle et al., 1977; Washburn 

et al., 1980) have generally found that they are inaccurate at counting steps or 

measuring distance walked. However, a more recent study (Bassett et al., 1996), has 

reported that the newer electronic pedometers provide a reasonably accurate estimate 

of step counts and distance walked. Therefore, pedometers have potential use as tools 

for measurement of daily physical activity. Pedometer readings from children have 

been shown to correlate highly with observation. Saris and Binkhorst (1977) reported 

differentiated pedometer readings between the most and least active 4 - 6 year old 

children as predetermined by a supervisor's questionnaire (p<0.0001) and confirmed 

by observation (p<0.01). Running activity of kindergarten children as determined by 

observation (Nishikido et al., 1982), has also been shown to correlate with pedometer 

readings. 

Use of the Yamax Digi-walker SW-200 pedometer was explored by Eston et 

al., (1998). This pedometer was found to be as valid as heart rate monitoring and 

uniaxial accelerometry when assessing the energy cost of a range of children's 

activities (Eston et al., 1998). Thirty 8-10 year old children from North Wales 

participated in the study. The children wore the pedometer on their hips while playing 

catch, playing hopscotch, walking (2 speeds), and running (2 speeds). Activities 

involving inclines or carrying loads were not included in the study. It was reported 
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that additional pedometers (wrist and ankle) did not improve the estimation of energy 

cost (Eston et al., 1998). These results have been replicated with twenty-one 8-10 

year old Hong Kong Chinese boys (Louie et al., 1999). Louie et al. (1999) 

recommend the use of pedometry in large population studies and report that triaxial 

accelerometry (which stores movement data including frequency, intensity, duration 

and also measures activity in three dimensions) provides the best assessment of energy 

expenditure in children. 

Despite methodological problems associated with the estimation of physical 

activity in young people, the data are remarkably consistent. Many young people 

seldom experience the volume of physical activity associated with health-related 

outcomes (Armstrong and Welsman, 1997). Boys are reported to be more physically 

active than girls during childhood and girl's activity levels decline more rapidly than 

those of boys as they progress through adolescence (Sallis, 1993; Armstrong and 

Welsman, 1997). However, the difference between the activity levels of boys and 

girls is greatly reduced when moderate activity alone is compared, indicating that boys 

participate in more vigorous exercise than girls (Riddoch and Boreham, 1995). 

2c. Active Children, Active Adults? 

There is limited evidence for the tracking of physical activity from childhood 

into adulthood (Activity and Health Research, 1992). However, data from 

retrospective studies support the premise that inactive young people are unlikely to 

become physically active adults (Armstrong and Weisman, 1997). 

Even if research suggested a weak association between physical activity and 

improved cardiovascular health of children, an active lifestyle in childhood should 

still be promoted (Gutin and Owens, 1996). An active lifestyle in childhood could 

delay or prevent chronic diseases, either directly or by increasing the likelihood of 
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carrying-over activities into adulthood. Thus, health care costs could be reduced and 

quality of life improved (Rowlands, 2001). However, without valid and objective 

measures for assessing children' s physical activity, future health benefits relating to 

children's physical activity cannot be determined. In addition, the degree of tracking 

of physical activity from childhood to adulthood can not be resolved without an 

objective method for the measurement of activity levels throughout childhood and 

adulthood. With children and adolescents the challenge lies with the encouragement 

and adoption of active lifestyles, which are likely to be sustained into adult life. 

2d. Children's Adherence to Physical Activity 

Researchers have explored children's adherence to physical activity. Ewing 

(1981) explored the reasons why "dropping out" of sport in general seemed to start at 

twelve years of age. It was reported that children whose main motive for sport was to 

demonstrate their ability, might drop out either because the sport they played gave 

them insufficient opportunity to show their ability or because they thought they lacked 

ability. It was suggested that children younger than twelve thought that effort was 

ability, and that they needed to try harder and show more effort in order to succeed 

(Ewing, 1981 ). Whereas, children older than twelve could distinguish between effort 

and ability, they realised that ability represented capacity, and that the effort alone was 

not enough. 

In 1982, Dishman reported that other situational factors also influenced 

adherence behaviour. These included the exercise leader, convenience of the time and 

setting, initial selection of workloads, and the exercise mode and intensity. All 

structured exercise experiences were reported to be strongly influenced by the 

qualities of the exercise class leader (Dishman, 1982). Surprisingly, this is an 

understudied area in exercise psychology, despite the recognition of its potential 
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importance. In a study on adherence to exercise in 179 obese children (at least 20% 

overweight for their height and age), Epstein et al. (1984) reported that the amount of 

exercise influenced adherence. The mechanism for this effect was not known but the 

greater the exercise expenditure, the greater the adherence problem. It was also 

suggested that incidence of injuries could also increase with the amount of exercise, 

which in turn would lead to reduced adherence (Epstein et al., 1984). Data on 

exercise adherence in obese and non-obese children is still limited. 

2e. Physical Fitness in Children and Youth: What needs to be done? 

In 1988, the ACSM published an opinion statement on Physical Fitness in 

Children and Youth, which highlighted three areas where action was required; i) 

Physical education classes ii) Influences by parents and the health care profession and 

iii) The role of physical activity in schools. 

i) Physical Education Classes 

It was reported that physical education classes devoted instructional time to 

physical fitness activities, but allocated class time was generally insufficient to 

develop and maintain optimal physical fitness. It was reported that a substantial 

amount of time was being lost by providing instructions, or waiting in line to play in 

sports (Public Health Service, 1991). It was suggested that classes should waste less 

time and include more physical activity (Public Health Service, 1991). In the United 

States, Faucette et al. (1990) observed 226 Physical Education classes and found that 

most classes consisted of game play in which only a few children were active while 

the remainder waited their turn. The main findings from this study were that; i. At 

least 50% of children do not have adequate time for physical activity in school 

physical education programmes. ii. During scheduled lesson time children are not very 

active and are not being prepared for lifetime physical activity and, iii. Teachers not 
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trained in physical education deliver most classes. Indeed, over ten years later, 

informal discussion with the headmistress of a local Primary School in Wiltshire, 

England, supports this research. It seems that there has been little improvement in the 

quality and time allocated to children's physical education classes. With effect from 

September 1998, in line with government guidelines, three hours of Physical 

Education in the school were reduced to two hours in order to accommodate the 

introduction of a new literacy/ numeracy programme. In line with government 

guidelines, one of the physical education hours was required to be swimming. 

By the time the children had travelled to the swimming pool and had 

changed, this non-weight bearing activity only lasted for 30-minutes. The other 

physical education hour on the timetable (15-minutes allocated for changing) was 

games. This session typically included a warm-up, stretching, and skills. The 

headmistress acknowledged that there were a small number of children who were 

always 'reluctant participants' in this activity. It was hypothesised that possible 

reasons for this included their dislike of the 'competitive' element, fear of being 

laughed at/ not very good at it, fear of injury on contact with other participants and 

general dislike of playing sports outside on the playing field. The headmistress 

acknowledged that these factors would most likely affect present and future adherence 

to exercise. The strongest drive to keep this hour of competitive games on the 

timetable as opposed to gymnastics, dance or other forms of activity had come from 

the parents of the school concerned. 

The parents seemed to like their children participating in competitive team 

sports. In addition, from September 2000, the two hours allocated to Physical 

Education were under further threat due to the school having to follow new guidelines 
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and offer extra lessons in areas such as 'Citizenship'. Already, literacy and numeracy 

have been introduced at the expense of Physical Education. 

Government guidance must recognise the importance of Physical Education 

in the curriculum, and should help to promote health and fitness through a range of 

activities. It must be ensured that future government guidelines do not have the effect 

of diminishing the Physical Education progranune within schools. Interventions to 

increase physical activity in young people must involve schools and centre on the 

important role that curriculum physical education can play (HEA, 1994). However, 

this may require a re-orientation of programme philosophy in some cases. 

ii) Parental Influences 

Home influences were also acknowledged by the ACSM (1988) as an 

important factor towards the adoption of lifelong physical activity in children and 

youth. It was suggested that parents should be encouraged to show concern for their 

child's health and well-being, and actively promote physical fitness (ACSM, 1988). It 

was also recommended that more continuing education programmes on childhood and 

youth physical activity should be offered to health care professionals in order for 

promoters to become more actively involved in physical fitness for children and 

youth. 

iii) Physical Activity in School 

The ACSM (1988) recommended that professional efforts were required in 

order to develop, pre-test, and publish educational materials suitable for use in 

schools. Such materials include the development and implementation of training 

programmes, in order to provide teachers with the knowledge and skills required to 

deliver a range of exercise experiences to young people. In addition, Bizley (1999) 

observed that teachers also required assistance in ways to integrate other aspects of 
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health promotion (for example good nutrition) into instruction about exercise and 

physical fitness. If schools were to implement physical activity initiatives like those at 

Biddick School and Sports College, and Penryn College, children might improve their 

exercise experiences and enjoyment of Physical Education lessons. 

2f. Opportunities to Participate in Physical Activity 

In 1971, Hillman et al. surveyed children in five areas of England in order to 

explore their travel patterns and levels of personal freedom. The survey was repeated 

in 1990 in the same areas and results revealed a remarkable decline in children' s 

freedom and choice to do things independently outside the home. Furthermore, 

results demonstrated that girls experienced substantially less independence than boys. 

This research is supported by Armstrong and Welsman ( 1997) who reported that girls 

had fewer opportunities to participate in community-organised physical activity and 

sport, and both school physical education curricular and extra-curricular activities 

appeared to be more appealing to boys than girls. 

Children and young people (under 16 years) should be recognised as priority 

groups for the delivery of promotional messages and strategies (HEA, 1994). The 

year 2000 objectives for young people set out by the HEA were to increase regular 

exercise and to promote physical education. The Health Education Authority's (1994) 

recommendations focused specifically on school-age children, in order to provide 

education, skill development and specific experiences of the enjoyment and benefits 

of physical activity. Enjoyable, well-run physical activity programmes in schools 

were seen as the basis for lifelong habits and the capacity to make informed choices. 

Training programmes to enhance teachers' confidence and skills were regarded as a 

priority (HEA, 1994). Well-designed induction and training programmes for teachers 
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were seen as essential, so that educators possessed the necessary skills and confidence 

to run interesting, stimulating lessons. 

The HEA (1994) expressed concern that educational reforms potentially 

hindered the provision of quality health-related physical activity education to young 

people. It was acknowledged that health-related physical activity was being 'squeezed 

out' of the national curriculum in favour of traditional competitive team sports, most 

of which are not played by adults. 

Methods for promoting the maintenance of physical activity through the 

transition from school to joining the workforce were highlighted as a key issue (HEA, 

1994). It was suggested that physical education of sufficient quantity and quality 

would provide students with a chance to achieve some of the health benefits of 

physical activity. The educational process was regarded as critical in educating and 

providing opportunities for young people to become independently active for life. 

3. Current Fitness Levels of Children 

3a. Assessing Children's Exercise Habits and Fitness Levels 

Researchers have employed a variety of methods to assess the current fitness 

levels and exercise habits of children and adolescents. Of these studies, only a limited 

number have reported that activity levels of children and adolescents were indeed 

adequate. In 1981, studies conducted in Canada (Canadian Fitness Survey) and 

America (Gilliam et al., 1981) reported conflicting results on the current physical 

activity levels of children. The Canadian Fitness Survey (1981) provided a detailed 

account of the physical recreation habits, physical fitness and health status of the 

Canadian population. More than 23,000 persons aged 7 years and upwards 

participated in the survey. The Canadian Home Fitness Test (step test) was used to 
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determine recommended V02 max, based on the duration of stepping (Bailey et al., 

1976). 

It was reported that approximately 75% of young children were able to reach 

the desired fitness level of 49.9 ml/kg/min for males and 42.7 ml/kg/min for females. 

The survey found that approximately 75% of young children were sufficiently active 

( children were classed as active if they did an average of three or more hours of 

physical activity per week, for nine months of the year or more). However, this 

measure of activity did not determine the intensity of the children' s activity, only the 

frequency and duration. It was therefore difficult to determine if the physical activity 

was sufficient to enhance their health status. These positive results regarding the 

activity levels of children were supported by an assessment in Finland of children's 

levels of leisure time activity (reported via a questionnaire), which concluded that a 

large proportion of Finnish children and adolescents were physically active (Telama et 

al., 1985). 

Despite the positive results reported by the Canadian Fitness Survey (1981) 

and Telama et al. (1985), conflicting research exists that suggests that current fitness 

levels and activity habits of children and adolescents are poor. Gilliam et al. (1981) 

investigated the physical activity levels of primary school children aged 6 years in the 

United States. Heart rate was recorded over a 12-hour period (8am - 8pm). A heart 

rate of 160 bpm was chosen to indicate an intensity of activity appropriate for 

promoting health. Boys had heart rates of more than 160 beats/ minute for 7 .8% of 

the time and girls for 4% of the time. Although this equates to approximately 56 

minutes and 29 minutes of physical activity for boys and girls respectively, it was 

reported that these physical activity levels were insufficient to develop the 

cardiovascular system and promote cardiovascular health (Gilliam et al., 1981). A 
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follow-up study conducted a year later with primary school children aged 7 years 

(Gilliam et al., 1982) corroborated these earlier findings. 

Other international research conducted in Japan and Australia support these 

findings. The study in Japan (Atomi et al., 1986) investigated the physical activity 

levels in eleven 9-10 year old boys with reference to aerobic power or lactate 

threshold. Heart rate was monitored for 12 hours on three different days as a measure 

of physical activity. Boys were reported on average to spend only 4.7% of their time 

at heart rates equivalent to 60% of maximal aerobic power. 

In Australia, a questionnaire survey (The Australian Health and Fitness 

Survey, 1987) revealed relatively low levels of activity in young children, especially 

activity of an intensity necessary to promote cardiovascular health. Children were 

asked, "In most weeks, do you get exercise or activity 3-4 times which makes you 

'huff and puff and lasts at least 30 minutes each time?" For the boys 50% said they 

did not, for the girls 61 % said they did not. 

In 1990, two studies (Armstrong et al., 1990; Simons-Morton et al., 1990) 

also concluded that physical activity levels amongst British and American school 

children were inadequate. Armstrong et al. (1990) examined patterns of physical 

activity among 266 British school children aged 11-16 years to assess whether they 

experienced sufficient intensity and duration of physical activity in order to stress the 

cardiopulmonary system. Continuous heart rate monitoring was used for 12-hour 

periods over three schooldays and one Saturday. Main outcome measures were the 

percentage of time and number of sustained periods in which heart rate was greater 

than 139 bpm. 

It was reported that British children had surprisingly low levels of habitual 

physical activity and that many children were not experiencing the volume of physical 
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activity believed to benefit the cardiopulmonary system (Armstrong et al., 1990). The 

study conducted in Texas (Simons-Morton et al., 1990) assessed the type and 

frequency of participation in moderate-to-vigorous physical activity lasting more than 

10-minutes in children aged 8-9 years. Eight hundred and seventy pupils completed a 

self-report questionnaire form. The researchers considered children who reported less 

than one session of moderate-to-vigorous daily physical activity to be less active than 

recommended. The results revealed that only 33.1% of boys and 35.2% of girls 

achieved an adequate number of sessions. It was concluded that many children were 

not getting adequate amounts of physical activity (Simons-Morton et al., 1990). 

However, results from these studies can be questioned. It is inappropriate to 

apply adult fitness training criteria (such as sustained periods of activity) to children, 

due to the different patterns of physical activity that children exhibit (Riddoch and 

Boreham, 1995). Children's activity patterns are sporadic in nature, rather than 

sustained (Riddoch, 1998). Bailey et al. (1995) observed the level and tempo of 

physical activity of 6 to 10 year olds over nine 4-hour periods. Results indicated that 

children's physical activity was characterised by very short bouts of intense physical 

activity interspersed with intervals of low to moderate-intensity physical activity. The 

researchers did not record any single bout of intense activity lasting 10 minutes. 

Investigators (Gilliam et al., 1981; Armstrong et al., 1990) have also tended 

to select an arbitrary heart rate threshol~(l 60bpm and2'.: 139 bpm, respectively), 

above which they consider activity to be beneficial to health, without reference to the 

fitness level of the children. Riddoch and Boreham (1995) highlighted that the 

arbitrary selection of different health-related thresholds can lead to inconsistencies 

between studies and possible errors in interpretation of what constitutes acceptable 

levels of physical activity. In addition, because children's activity is characterised by 
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numerous short bouts of activity (which may be forgotten), activity recall such as that 

employed by Simons-Morton et al. (1990), is inappropriate. Studies based on self­

reports tend to underestimate relationships between physical activity and health 

(Riddoch, 1998). Objective methods are therefore more valid for measuring 

children's activity patterns (Riddoch, 1998). 

Pate et al. (1994) estimated that over 80% of adolescents (aged 11 to 21 

years) met the NIH Consensus Development Panel's Physical Activity and 

Cardiovascular Health (1996) guidelines to accumulate at least 30 minutes or more of 

moderate-intensity physical activity each day. However, Pate et al. (1994) estimate 

that only 50% of adolescents meet the NIH guideline of participating in three or more 

sessions of 20-minute moderate to vigorous-intensity physical activity. This would 

suggest that most young people are not sufficiently active. However, as previously 

mentioned, sustained bouts of physical activity are not characteristic of young 

people's physical activity patterns. Thus, research results can be misleading. 

3b. A Sedentary Lifestyle: What's the Problem? 

Many youngsters have adopted sedentary habits, and promoting and fostering 

more active lifestyles should be a priority for all agencies interested in the current 

health and well-being of children and adolescents (Armstrong, 1995; 1995a). The 

implication of sedentary habits in childhood and youth is the development of 

Coronary Heart Disease risk factors, which research has shown track into adulthood 

(Clarke, 1978; Berenson, 1980; Freedman et al., 1985; Berenson et al., 1992; 

Boreham et al., 2002). Childhood overweight and obesity have increased in the U.K. 

In addition, many young people aged 5-18 years have at least one modifiable risk 

factor (Boreham et al., 1992; Biddle et al., 1998). 
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The Amsterdam Growth Study (Kemper, 1985) provided important 

information on children's habitual physical activity levels. The study was conducted 

in the Netherlands on 215 girls and 195 boys aged 13 to 14 years. Self-reporting of 

physical activity, three-day pedometer monitoring and two-day heart rate monitoring 

was used to estimate the children's habitual physical activity levels. In the first year 

of the study, boys were reported to spend 30 minutes per day and girls 37 minutes per 

day with heart rates above 150bpm (Verschuur et al., 1984). Activity scores from the 

pedometer monitoring showed that boys spent significantly more time on 'heavy' 

activities than girls. Girls spent more time than boys on 'light' activities. No gender 

differences for 'medium-heavy' activities were identified. Subsequent annual 

measurements showed that as age increased, children's habitual physical activity 

levels gradually decreased (V erschuur and Kemper, 1985). This was the case for both 

boys and girls. 

From a health perspective, Biddle et al. (1998) have presented three main 

rationales for encouraging young people to talce part in regular physical activity; i) to 

optimise physical fitness, current health, well-being and growth and development, ii) 

to develop active lifestyles that can be maintained throughout adult life and iii) to 

reduce the risk of chronic diseases in adulthood. 

3c. Blood Pressure, Fitness and Obesity in Children and Youth 

To learn more about these factors, the SCAN (Study Children's Activity and 

Nutrition) longitudinal study was initiated in the United States (Gutin et al., 1990). 

Two hundred and sixteen primarily Hispanic (91 %) or non-Hispanic black (7%) 

children aged 5 to 6 years old were the focus of the study. Aerobic fitness was 

measured using a treadmill protocol. The children walked at a speed of 4 km/h 

starting at 0% grade for 2-minutes, after which the grade was increased by 5% every 
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2-minutes. Criteria for test termination were a heart rate above 170 bpm, or volitional 

exhaustion. Heart rate was plotted against work stage and extrapolated to the percent 

grade corresponding to a heart rate of 170 bpm. In addition, blood pressure, body 

mass index (BMI) and percent body fat by skinfolds were evaluated. The values of 

boys and girls were compared with unpaired t-tests. Univariate and multiple 

regression analyses were used to examine the separate and combined relations of 

fitness and fatness to blood pressures. 

Results showed that boys had higher aerobic fitness than girls (P<0.001), 

while BMI did not differ between the sexes. Boys or girls who were aerobically fitter 

had lower diastolic BP, and fatter boys had higher diastolic BP. Systolic BP was 

higher in fatter boys and girls. It was reported that boys were generally fitter than girls 

and that for all children studied, fitness and fatness were inversely related (Gutin et 

al., 1990). Results from this study suggest that early intervention could be considered 

for children as young as five and six years old to help prevent cardiovascular disease. 

Shea et al. (1994) also employed longitudinal analysis to explore whether 

changes in aerobic fitness and body mass index were related to the age-related rise in 

blood pressure in 196 healthy pre-school children over a mean follow-up period of 

19.7 months. Results revealed that a greater increase in aerobic fitness, as measured 

by change in physical work capacity on a treadmill at a heart rate of 170 bpm, and a 

smaller increase in BMI were independently associated with a smaller increase in BP 

in children aged 5 years. Mean systolic BP was 95.3 mmHg ± 8.38 at baseline and 

increased by 4.46 mmHg per year± 3.92. Mean diastolic BP was 53.9 mmHg ± 5.81 

at baseline, and did not change significantly. It was reported that children who were 

aerobically more fit had a significantly smaller increase in systolic BP compared to 

children oflower aerobic fitness levels (2.92 vs. 5.10 mmHg I year; P = .03). 
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However, the results should be interpreted with caution since the study had 

several limitations. The longer-term implications of the effects of change in aerobic 

fitness and BMI on blood pressure are not known. Because of the lack of longer-term 

data, extrapolation of the differences observed over 19. 7 months to adult populations 

at risk of cardiovascular disease are speculative. Longer-term studies need to be 

conducted to determine what levels of fitness and leanness are required to protect 

against development of higher ranges of normal blood pressure in children and 

hypertension in adulthood (Shea et al., 1994). Aerobic fitness increased over the 

period of the study. On a treadmill, taller children may have been more efficient 

because they used less energy per unit body weight, and therefore required a smaller 

increase in heart rate to achieve a given level of performance. In addition, as the 

children developed or started school, aerobic fitness may have increased due to 

increased physical activity levels. However, activity levels in this group of children 

were not monitored. Nevertheless, the observations from this study suggest that 

children aged 5 years who increase their aerobic fitness or decrease their body mass 

index have lower rates of increase in their blood pressure. These results may have 

important implications for development of interventions for the primary prevention of 

hypertension. 

3d. Coronary Heart Disease Risk Factors in Children and Youth 

Gutin et al. (1994) examined the relation of percentage body fat and maximal 

aerobic capacity to risk factors for atherosclerosis and diabetes in black and white 

children. Fifty-seven children aged 7 to 11 years (mean age 10.0 years ± 1.0) 

participated in the study. Percent body fat was measured using dual-energy x-ray 

absorptiometry (DEXA) and fat distribution expressed as the waist to hip ratio. 

Maximal aerobic capacity was measured on a treadmill, and blood pressure measured 
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using an automated monitor. Measurements of several lipoproteins were combined 

into one atherogenic index. 

Spearman rank correlations between fatness, fitness and risk factors revealed 

that percent body fat was related to the atherogenic index (p = 0.38; P<0.01) and 

insulin level (p = 0.78; P<0.001). Aerobic capacity was inversely related to the 

atherogenic index (p = -0.27; P<0.05) and insulin level (p = -0.72; P<0.001). The 

waist-to-hip ratio was reported not to be related to the risk factors and unlike the 

results from Shea et al. (1994), blood pressure was reported not to be related to fatness 

or aerobic capacity. The results suggest that fatness is related to certain risk factors 

for cardiovascular disease and diabetes in children aged 7 to 11 years. 

Gortmaker et al. (1987) compared children's skinfold data from the National 

Health Examination Survey (NHES, 1965) to the second National Health and 

Nutrition Examination Survey (NHANES) conducted from 1976 to 1980. Their 

comparisons indicated a 54% increase in the prevalence of obesity among children 

aged 6-11 years, and a 98% increase in the prevalence of superobesity. They also 

compared skinfold data for 1966-1970 with the NHANES (1976-1980) skinfold data. 

Results indicated that the prevalence of obesity among children (aged 12-17 years) 

had increased by 39%, with a 64% increase in their prevalence of superobesity. 

Additionally, with regard to 6- to 11-year olds in 1976-1980, 31% of the white boys, 

17% of the black boys, 26% of the white girls, and 27% of the black girls were obese. 

With regard to the 12-to 17-year olds, 19% of the white boys, 13% of the black boys, 

26% of the white girls, and 25% of the black girls were obese. Overall, approximately 

27% of all 6-to 11-year olds and 22% of the 12- to 17-year olds were obese, and 12% 

of the 6-to 11-year olds and 9% of the 12- to 17-year olds were superobese. 

41 



Data from Troiano et al. (1995) support these results. Their study compared 

data on body mass index (BMI) for 14,000 children aged 6 to 17 years taken from the 

National Health Examination Surveys and the National Health and Nutrition 

Examination surveys conducted between 1963 and 1991. They reported that 22% of 

children surveyed between 1988 and 1991 had a BMI above the 85th percentile, and 

11 % of children were in the upper 5% for surveys conducted in the 1960s. The major 

increase in the percentage of overweight children took place between a survey 

covering 1976 to 1980 and the one covering 1988 to 1991. Between these time 

periods, the percentage of black children of both sexes and all ages and the percentage 

of white male teenagers exceeding the 85th percentile increased by 9% or more. 

Increases ranged from 2% to 5.5% among other race, gender, and age groupings. 

However, Prentice and Jebb (2001) suggest that studies investigating obesity should 

-
directly measure body fat, instead of using the BMI, which can provide misleading 

information about body fat content. The body mass index fails as a measure of fatness 

due to reasons such as body muscularity and body shape (Eston, 2002). In general 

terms, the BMI can provide a useful and simple screening measure of obesity, but to 

evaluate individual body fat levels other anthropometric measures such as skinfolds 

and circumferences should be used (Eston, 2001 ). 

Increasing prevalence of overweight among American youths highlights the 

need to focus on primary prevention. Increasing and encouraging physical activity in 

youth could be a suitable primary prevention strategy. However, the task is not an 

easy one. Updyke and Willett (1989) demonstrated that there has been an 

approximate 10% decline in the aerobic fitness levels of children as measured by 

distance runs (Y4 mile for 6-to 7-year olds, Yi mile for 8- to 9-year olds,% mile for 10-

to 11-year olds, and 1 mile for children aged 12 to 17 years). Both boys and girls 
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showed marked declines. So, in addition to the increasing prevalence of obesity in 

children, aerobic fitness levels are declining. There is a strong relationship between 

children's cardiovascular fitness and fatness (Boreham et al., 1997). Research has 

suggested that fatness is a major confounding variable in the relationship between 

fitness and other coronary heart disease risk factors (Sallis et al., 1988; Boreham et al., 

2001 ). Therefore, any intervention to improve the health of children should involve 

methods to increase physical activity and control diet, in order to improve fitness and 

reduce body fat (Boreham and Riddoch, 2001). 

Beunen et al. (1992) conducted a three-year longitudinal observation survey 

on 32 active and 32 inactive Belgian boys aged 12 to 19 years. Results revealed no 

relationship between separate skinfold thicknesses (subscapular, suprailiac, triceps 

and calf) or calf circumference and self-reported participation in sports (> 5 hr/wk vs. 

< 1.5 hr/wk). No significant differences were reported in body composition between 

active and inactive boys. However, limitations of this study included not measuring 

physical activity in school, in transit to and from school, or in activities other than 

sports. It is possible that summing the four skinfolds (thereby obtaining a more 

reliable index of total adiposity) could have yielded different results from those 

obtained from analysing each variable separately. 

Physical inactivity is a major public health problem today. Physical inactivity 

during childhood is believed to be a significant risk factor for cardiovascular disease 

in adulthood (Bar-Or and Malina, 1995). Attempts to increase physical activity may 

provide a means to address this major health problem. Prospective epidemiologic 

studies indicate that aerobic fitness (Blair et al., 1989), degree of body fatness (Hubert 

et al., 1983) and fat patterning (Stem and Haffner, 1986) are important predictors of 

cardiovascular disease. There is evidence that cardiovascular disease originates in 
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childhood (Section lla). For example, it has been reported that blood pressure and 

lipids in youth are strongly associated with coronary artery fatty streaks measured 

during autopsy in young adults (Newman et al. , 1986). Fat children tend to have 

elevated blood pressure and lower activity levels. Therefore, lowering children's 

blood pressure and increasing their habitual physical activity would be a way to 

prevent subsequent cardiovascular disease. 

It is somewhat surprising to know that young children have been found to 

have risk factors for coronary heart disease, such as elevated blood pressure and 

cholesterol levels. According to a survey conducted in Northern Ireland as part of the 

'Young Hearts' Project (Boreham et al., 1992), 14% of 12-year-old children and 20% 

of 15-year-old children exhibited three or more risk factors ( despite the exclusion of 

family history from the analysis). In the United States, as many as 60% of 12-year­

olds exhibited more than one modifiable adult risk factor for coronary heart disease 

(Berenson et al., 1980). 

Boreham et al. (2001) examined fitness, fatness and coronary heart disease 

risk in adolescents as part of the Northern Ireland 'Young Hearts' Project. The project 

consisted of 1015 school children aged 12 and 15 years, randomly selected from 16 

schools. Height, weight, sexual maturity (pubertal status), skinfold thicknesses 

(biceps, triceps, subscapular, suprailiac), blood pressure, non-fasting serum total, high 

density lipoprotein cholesterol, and cardiorespiratory fitness (20m multistage fitness 

test) were determined for each child. 

Multiple regression analyses revealed that relationships between fatness and 

coronary heart disease risk factors were stronger than between fitness and the same 

risk factors. For example, partially adjusted standardised regression coefficients for 

12-year-old boys revealed significant relationships between all five risk factors and 
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fatness, compared with three of five for fitness. Data from the Northern Ireland 

' Young Hearts Project' suggests that fatness is strongly and independently associated 

with coronary heart disease risk status in adolescents, and that aerobic fitness is not. 

Although the promotion of physical fitness during adolescence may reduce the 

prevalence of cardiovascular risk factors in adulthood (Boreham et al., 2002), the 

study recommends that the prevention or reduction of undue weight gain during 

childhood is important in the primary prevention of CHD (Boreham et al., 2001 ). 

These statistics highlight the general concern about the level of potential 

coronary risk in school children. Other factors such as children's smoking and poor 

eating habits add to the concern, in that these factors may lead to degradation of health 

later in life (Boreham and Riddoch, 2001). 

3e. The Relationship between Physical Activity, Fitness and Fatness in Children 

A major constraint in assessing the association between adiposity and 

enhanced physical activity, or the effects of training, is the lack of standardised 

assessment of adiposity, physical activity and energy expenditure (Bar-Or and 

Baranowski, 1994; Louie et al., 1999). Rowlands et al. (1999) examined the 

relationship between activity levels, aerobic fitness and body fat in 8 to 10 year old 

children. Thirty-four children aged 9.5 ± 0.7 years participated in the study. The 

Tritrac-R3D and a pedometer were worn for up to 6 days, and heart rate was measured 

for 1 day. Endurance time on the Bruce maximal treadmill protocol was used to 

measure the children's aerobic fitness. Children ran until maximal volitional effort 

was attained, confirmed by attainment of maximal heart rate. 

Results revealed that activity measured by Tritrac or pedometry counts 

correlated positively to fitness in the whole group (Tritrac, r = 0.66; Pedometer, r = 

0.59, P<0.01) and in boys and girls separately (P<0.05), and correlated negatively to 
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fatness in the whole group (r = -0.42, P<0.05). Heart rate did not correlate 

significantly with fitness and was reported to be a misleading measure of activity. 

The results suggest that low fitness levels and, to a lesser degree, increased fatness are 

related to inactivity in children aged 8 to 10 years. 

In a follow-up study, Rowlands et al. (2000) examined the effect of type of 

physical activity measure on the relationship between body fatness and habitual 

physical activity in children. Fifty studies were used which satisfied certain criteria, 

(for example, that the subjects were under 18 years of age and a measure of body fat / 

relative weight was included), and meta-analytic procedures were employed to analyse 

the data. Results revealed a significant relationship between activity levels and body 

fat in children. The strength of the relationship was reported to be small to moderate 

and depended to some extent on the method used to assess activity levels. The mode 

of measuring activity was reported to have a strong influence on the strength of the 

activity-fat relationship (Rowlands et al., 2000). Observation was suggested as the 

best method for the assessment of activity. 

It was recommended that inactivity in slightly or moderately overfat children 

. be addressed as a matter of priority (Rowlands et al., 2000), since it is one of the most 

easily modifiable factors linked with body fatness. In order to improve quality of life 

and reduce health care costs, children and adults should be prevented from gaining 

high levels of body fat (Rowlands et al., 2000). 

3f. The Prevention and Treatment of Obesity 

In conclusion, obesity fits the definition of a widely prevalent disease which 

has suddenly increased in frequency in the U .K as well as many other affluent nations. 

Data summarised by the World Health Organisation (1998) demonstrates that 

epidemic obesity already afflicts most technologically advanced countries and is 
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rapidly spreading to emerging regions such as the former eastern bloc countries, South 

and Central America, and Asia. 

Obesity is the most important modifiable cause of type 2 diabetes. The 

combination of obesity with type 2 diabetes is associated with greatly increased 

cardiovascular risk and is also commonly associated with hypertension. As well as 

promoting weight loss to reduce risk factors, and prevent weight gain long-term, 

Barnett (1999) recommend the encouragement of an active lifestyle in the 

management of obesity. 

The literature suggests that children are becoming fatter and that paediatric 

hypertension associated with obesity has increased. This suggests that the next 

generation may suffer from many preventable cardiovascular diseases. Gutin et al. 

(1990) describe three ways in which childhood eating and exercise habits may 

influence the risk of developing cardiovascular disease later in life; i. Habits formed 

early in life may become permanent, leading to reduced fitness, increased fatness, and 

higher cardiovascular risk later in life, ii. early behaviours may influence aerobic 

fitness and body composition when children are young. Reduced fitness and 

increased fatness are likely to affect intention to exercise, thereby forming a cycle that 

results in a fat and unfit adult at high risk of cardiovascular disease, and iii. eating and 

exercise behaviours may influence fitness, fatness, and cardiovascular risk factors 

when children are still young, which might contribute to the early formation of 

coronary lesions. 

The management of obesity reqmres a three-pronged attack, involving 

primary, secondary and tertiary prevention (Stott, 1999). Primary prevention is aimed 

at removing causative factors from the environment or preventing the population 

being affected by them. Primary prevention can focus on specific populations, such as 
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schools or the populations of individual health authorities. Prevention can include 

health promotion activities, educating people about physical fitness, diet and 

behaviour, all aimed at discouraging obesity-provoking lifestyles. Other prevention 

policies could include encouraging children to walk or cycle to school. Secondary 

prevention concentrates on those who are specifically at risk of a problem and offers 

strategies to reduce that risk. Screening programmes are an example of secondary 

prevention, for example blood pressure or cholesterol screening. Tertiary prevention 

involves identifying individuals who have already developed a medical problem as a 

result of obesity, and managing them effectively so as to reduce long-term risks due to 

progression. Management of established diabetes and hypertension are examples of 

tertiary prevention. 

The cost of an effective three-level preventive strategy could be great. 

Prentice (1997) calculated that the direct and indirect health costs attributable to 

obesity are around 5% of the total health budgets of affluent countries, equivalent to 

over £2 billion annually in the U .K. Obesity is a modem epidemic that needs to be 

addressed at a variety of levels if the NHS is not to experience a major increase in 

workload caused by increases in obesity-related illnesses such as diabetes, 

hypertension, and'. hyperlipidaemia. In addition to diet and behavioural change, 

physical activity is recommended in the treatment of obese individuals, to increase net 

energy expenditure and fat loss and prevent weight gain. Often, all that is needed is 

more regular everyday activities, such as walking and cycling. 
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4. Increasing Activity in Daily Living 

4a. Physical Activity Guidelines for Children 

The literature suggests that physical activity and fitness levels in children and 

adults are inadequate for enhancing health status. Data from the Allied Dunbar 

National Fitness Survey (1992) (sponsored by the Sports Council, HEA and 

Department of Health) showed that physical activity levels in England are low and 

that many people do not take sufficient regular exercise during leisure time or at work 

in order to confer health benefits. 

International data has revealed that many people in industrialised countries 

are essentially sedentary and that progress must be made to improve physical activity 

levels in order to confer health benefits (Caspersen et al., 1994). If our sedentary 

society is to improve physical activity levels, health organisations and educational 

establishments must communicate to the public the amounts and types of physical 

activity that are needed to promote health (Pate et al., 1995). These organisations and 

establishments must also implement effective strategies that promote the adoption of 

physically active lifestyles. 

It was previously recommended that physical activity for children should 

involve large muscle groups, for a minimum of 20 minutes, 3 or more times per week 

at an intensity of >140 bpm (roughly 70% HRmax) (Shephard and Lavallee, 1977; 

Simons-Morton et al., 1988; Armstrong and Bray, 1991; Sallis and Patrick, 1994; 

Calfas and Taylor, 1994). This recommendation correlates with Sady (1986) and 

Morris et al. (1987) as being associated with a low incidence of CHD in adults. These 

recommendations have since been questioned. 
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In the mid 1990's new recommendations for adults and children regarding the 

benefits of accumulating exercise of low to moderate intensity during a day were 

published (USCDC and ACSM, 1993; 1995). These recommendations from the 

Centres for Disease Control and Prevention and the American College of Sports 

Medicine were that every U.S. adult should accumulate 30 minutes or more of 

moderate-intensity physical activity on most, or preferably all, days of the week. This 

recommendation emphasised the benefits of accumulating moderate-intensity physical 

activity in relatively short bouts. With intermittent bouts, as short as 8 to 10 minutes, 

totalling 30 minutes or more each day reported to provide beneficial health and fitness 

effects (DeBusk, et al., 1990; Cureton, 1994; NIH Consensus Development Panel on 

Physical Activity and Cardiovascular Health, 1996). This approach of accumulating 

exercise during a day is attractive to those wishing to promote physical activity, and is 

now the accepted guideline in the U.K. 

Physical activity patterns of young people (aged 5-18 years) are characterised 

by short, rather than sustained bouts of activity (Armstrong et al., 1990; Biddle et al., 

1998), with most young people accumulating 30 minutes or more of moderate­

intensity physical activity on most days of the week (Armstrong and Weisman, 1997). 

The HEA ( 1998) recommend that children should accumulate one hour of moderate­

intensity physical activity per day, supplemented by regular activities that promote 

strength, flexibility and bone health (Biddle et al., 1998). Enjoyment is particularly 

important in young people's participation in physical activity (Wankel and Kreisel, 

1985). The causes of enjoyment may vary between individuals and groups. If 

physical activities are enjoyable, some children may continue to be active, to their 

benefit, in their later years. Thus, physical education should be directed towards the 

enjoyment of the activity and the accompanying aspects of the class environment such 

50 



as being outdoors, and socialising with friends (Saris, 1985). In encouraging young 

people to be physically active, schools play an important role, both in the Physical 

Education curriculum and at other times. Physical education programmes should be 

based on the needs of young people and should include health-related exercise 

curriculum activities (Biddle et al., 1998). 

The literature suggests a conclusive link between heart disease and inactivity, 

and that even low doses of regular activity can confer significant health benefits and 

changes in coronary heart disease risk factors, for example blood pressure and 

cholesterol. The lifestyle activity intervention is a concept which aims to show people 

how to be more active during their normal daily routines. The simple message is that 

if a person uses their muscles, joints and circulation, as opposed to sitting or standing, 

then the body's metabolic rate will be raised to a state which may confer some 

beneficial adaptations (Buckley et al., 2000a). 

Ideas and initiatives for increasing daily activity include going for a 10-

minute walk three times a day and using stairs in shopping centres rather than 

escalators or lifts. The aim is to get children and adults to accumulate physical 

activity during a day rather than needing to perform two exercise sessions per week. 

Caspersen et al. (1985) describe physical activity as any bodily movement produced 

by skeletal muscles that results in energy expenditure. Recommendations to enhance 

physical activity in young adults include the adoption and promotion of health-related 

exercise in the national curriculum and to encourage young people to walk or cycle to 

school by developing safe routes. 

In conclusion, the literature suggests that children' s habitual physical activity 

levels are a cause for concern. Underlying reasons for low activity levels may be in 

part attributed to today's society and the environment in which children are raised. 
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For example, travelling by car to school instead of walking or cycling. Studies in 

Britain (Sleap and Warburton, 1990; Armstrong, 1995a) and the United States 

(Baranowski et al., 1987) have concluded that activity levels in young children are 

low, with many children not taking sufficient exercise to enhance their health status. 

Future research should concentrate on the identification of the potential health 

benefits of different types, intensities, duration and frequencies of physical activity 

and their appropriateness for different stages of development (Biddle et al., 1998). In 

addition, further investigation is required into the contribution which physical 

education in schools makes to physical activity in young people. 

5. Benefits of Controlled Exercise in Childhood 

5a. Physiological Benefits 

The development of an active lifestyle during childhood may be an important 

predictor of adult activity and fitness (Epstein et al., 1984). An epidemiological study 

by Blair et al. (1989) showed that low levels of habitual physical activity and low 

levels of physical fitness were associated with markedly increased mortality rates. 

This is supported by experimental studies which showed that exercise training in 

adults improved CHD risk factors, including blood lipid profiles (Haskell, 1986) and 

resting blood pressure in borderline hypertensives (Tipton, 1991). Other health­

related factors that showed improvement were body composition (Pavlou, 1989) and 

psychological function (King et al., 1993). 

There is extensive literature investigating the effects of physical activity on 

cardiorespiratory fitness in children. These studies have focused on physiological 

parameters including total haemoglobin (Koch and Rocker, 1977), myocardial mass 

and heart volume (Ekblom, 1969), stoke volume (Lind, 1970), heart rate and cardiac 
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output (Eriksson and Koch, 1973), blood pressure (Alpert and Wilmore, 1994), and 

maximal oxygen uptake (Mirwald and Bailey, 1981; Krahenbuhl et al., 1985). 

Krahenbuhl et al. (1985) reported that the maximal oxygen uptake of children aged 8 

to 14 years could be significantly increased following regular, intensive training. It 

was suggested that endurance exercise programs were more effective than intermittent 

exercise programs, despite intermittent exercise being more characteristic of children. 

Physical activity in children is inversely associated with CHD risk factors such as high 

blood pressure (Strazzullo et al., 1988), and obesity (Walberg and Ward, 1985). 

Armstrong et al. (1991) investigated the prevalence of obesity in young people. He 

reported that body fatness was related to both blood pressure and blood lipids, and 

that about 13% of young people could be classified as 'overweight'. 

Epidemiological evidence for the cardiovascular benefits of physical activity 

has highlighted the importance of increasing habitual activity in childhood (Walberg 

and Ward 1985; Strazzullo et al., 1988). It has been suggested that cardiovascular 

disease has its roots in childhood (Berenson et al., 1992) and increasing research 

suggests that cardiovascular risk factors such as blood pressure, serum lipids and 

obesity track over time (Clarke, 1978; Berenson et al., 1980; Freedman et al., 1985) 

and that physical activity favourably alters these risk factors (Saris, 1985; Newman et 

al., 1986; Armstrong and Welsman, 1997; Boreham et al., 1997). Results of the 

Bogalusa Heart Study, (Berenson et al., 1980), showed that heart disease begins at a 

young age, with many children already possessing one or more cardiovascular risk 

factor, such as hypertension, obesity or adverse lipoproteins. 

A key process in producing changes in central cardiovascular haemodynamics 

and aerobic fitness involves controlling the intensity of activity (ACSM, 1978). Too 

low an intensity is considered to be ineffective in bringing about improvements in 

53 



cardiovascular health. Too high an intensity effort may have undesired effects which 

could cause children to report that the exercise is unenjoyable, giving rise to non­

adherence. It could also result in musculoskeletal injury. In a review of paediatric 

literature concerned with physical activity and skeletal health, Bailey and Martin 

(1994) recommended that for optimal skeletal health, weight-bearing activities were 

better than weight-supported activities such as cycling or swimming. Short, intense 

daily activity was recommended rather than prolonged infrequent activity. Haskell 

(1994) suggested that health benefits of activity might be gained from repeated acute 

physiological responses to separate bouts of activity, rather than from true chronic 

adaptations to long-term activity. Therefore the frequency of activity might be more 

important to consider than the intensity or duration (Riddoch, 1998). Children might 

achieve healthy physical activity because of the sporadic, frequent nature of their 

activity patterns (Riddoch, 1998). 

Sb. Psychological Benefits 

The physiological benefits of controlled exercise m childhood are well 

documented. In addition to physiological benefits, exercise in childhood is also 

reported to confer psychological improvements, for example in self-esteem. Gruber 

(1986) reported that children showed improvement in self-concept as a result of 

physical activity, and that emotionally disturbed, mentally retarded, or economically 

disadvantaged children showed the greatest improvement in self-concept. It was 

reported that those who participated in physical fitness and aerobic activities showed 

greater improvements in self-esteem (Gruber, 1986), than those who participated in 

programmes of creative movement (e.g.; dance, mime) or sports skills (e.g.; 

gymnastics or soccer), which is of particular importance to physical educators. 
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6. Physical Activity, Fitness and Physical Education in Children and Youth 

6a. Physical Activity Programmes in Schools 

In 1973, Bailey reported that school programmes of physical activity were 

inadequate and responsible for the poor prevailing fitness levels of most North 

American adolescents. 

Shephard and Lavallee researched this further in 1977 using exercise training 

at the primary school level. The Trois Rivieres regional experiment was conducted in 

schools in Quebec. The exercise programme normally available to the Quebec 

primary school child ( one forty-minute session of physical activity per week) was 

supplemented with five additional hours of physical education each week. The main 

requirements of the physical activity were i) the activity should be fun, ii) that the 

entire class should be active throughout a large part of the hour and iii) that adequate 

stress be imposed on the musculoskeletal and cardiorespiratory systems. 

Six hundred children participated in the study over a long period (from age 

six to age twelve). Entire school classes were either allocated to experimental or 

control conditions. Regular measurements were made for growth, development, 

physical performance, intellectual attainment and clinical condition. Activity periods 

were supervised by teachers who were asked to concentrate on the development of 

cardiorespiratory and muscular endurance. Typical activities included indoor football, 

indoor hockey, ice hockey, basketball, dancing, jumping, cross-country running and 

the use of climbing apparatus and exercise mats. This varied the exercise programme 

and prevented the young children from becoming bored. 

Results showed that the average primary school child could substantially 

improve their physical condition through participation in an additional daily hour of 

organised physical activity. Daily activity diaries showed that on weekdays the 
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experimental group of children compensated for their vigorous school program by 

cutting out some light activity at home. However, on the weekend (when their 

physical activity was not controlled by the researchers), they chose to participate in 

more vigorous activities than ~e control subjects. 

It was suggested that the introduction of an enhanced school physical 

education programme had created a positive attitude towards voluntary recreational 

activity (Shephard and Lavallee, 1977). Researchers should consider the effect 

children's exercise programmes might have on attitudes towards physical activity in 

adulthood (Shephard and Lavallee, 1977). A sport or exercise programme that causes 

chronic injuries in childhood or adolescence due to over-exertion cannot be regarded 

as satisfactory. It is suggested that emphasis is given to physical activities in 

childhood which are likely to have a substantial carry-over into adulthood (Shephard 

and Lavallee, 1977). Such activities could be pursued as a family and include 

swimming and cycling. 

6b. Introducing a Theoretical Aspect of Exercise into Physical Education Classes 

Physical Education in the United Kingdom is not seen as a curriculum 

priority. Most schools devote little more than 100 minutes a week to it in the 

curriculum, which is less than many other European countries (Revell, 1999). The 

problems for Physical Education are clear. Primary teachers lack the expertise needed 

to deliver it effectively. 

In 1992, the National Association of Head Teachers and the Central Council 

for Physical Recreation reported that 56% of primary schools could not deliver the 

national curriculum for physical education due to lack of resources and that only 8% 

of primary school teachers delivering physical education had formal qualifications in 

the subject. The literature indicates that teenagers are not as fit as they used to be 
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(Armstrong, 1995a; Armstrong and Welsman, 1997) and that the current level and 

pattern of children' s physical activity is a serious cause for concern (Armstrong, 

1995). By the time children arrive at secondary school, their basic physical skills are 

lower than those of their peers from the past. To do something about this, two 

specialist sports colleges, Biddick School and Sports College in Washington, Tyne 

and Wear, and Penryn College in South Cornwall, tried to address the problems with a 

number of initiatives. 

At Biddick, they introduced a full-time specialist Physical Education co­

ordinator whose role was to work within all of the partner junior schools. The aim 

was not to provide Physical Education instruction, but to work with the teachers to 

enable them to teach the subject more effectively. Penryn sent coaches into 

neighbouring schools, and made an audit of each one to see what resources they had, 

with the main aim of giving children a greater variety of sporting experiences. 

Questionnaires administered to staff and students at these two specialist sports 

colleges provided quantitative feedback, which revealed that these initiatives had been 

extremely successful (Kirk, 1986). 

One of the reasons children dislike Physical Education has reportedly been 

the physical demands of the activity itself (Dickenson and Sparkes, 1988). Physical 

education programmes represent an important gateway for encouraging young people 

to develop lifelong physical activity habits (Ferguson et al., 1989). A 45-question 

survey, which took about 15-minutes to complete, was administered to 603 students in 

two rural Iowa communities. Items on the survey included current exercise behaviour, 

exercise intent and knowledge about exercise developed from the health education 

curriculum used in one of the schools. It was reported that programmes that made 

attending physical education a pleasant experience and that explained the benefits of 
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exercise could influence exercise intent and enhance students' sense of self-esteem, 

both of which could lead to increased future exercise behaviour (Ferguson et al., 

1989). 

The Department of Education and Science, DES (1989) and the Northern 

Ireland Curriculum Council (NICC) (1990) acknowledged the importance of interest 

in Physical Education. The DES (1989) stated that Physical Education programmes 

must emphasise the development of the capacity 'to maintain interest', and the NICC 

(1990) stated as one of its aims to promote 'in each pupil a love of, interest in, and 

knowledge of physical activity and its contribution to the maintenance of life-long 

personal health and fitness'. Physical education that does not prepare children for a 

life-long positive attitude towards physical activity, stands in the way of goals, which 

impacts on health and a meaningful use of leisure-time (Kirk, 1986). Organised 

programmes, which emphasise life-long physical activity, should be promoted in 

schools and community organisations. Activity experiences must be enjoyable in 

order to foster lifelong participation in physical activity (Dishman et al., 1985; 

Armstrong, 1993; Pate et al., 1995). 

Schools are seen as the focal point for delivery of comprehensive health and 

physical education programmes that provide and promote physical activity at every 

opportunity. The physical education curriculum could also be used to acquaint 

youngsters with physical activity resources in their community. Health-related 

exercise within the physical education national curriculum is an important concept. 

Children should understand the principles underlying health-related physical activity 

and be taught how to become informed decision makers who can plan and implement 

their own activity programmes, which can be periodically re-appraised and modified, 

to suit their needs. The American Heart Association (Strong et al., 1992), suggest that 
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children's health-related (cardiovascular) physical activity should focus on play rather 

than exercise. Therefore, the sporadic, spontaneous nature of children's activity may 

be a more important contributor to their cardiovascular health than exercise training or 

programming (Riddoch, 1998). For children to achieve healthy levels of physical 

activity, Corbin et al. (1994) have suggested that a minimum activity energy 

expenditure of 6-8 Kcal/kg/day is appropriate, and may be achieved through 

approximately 60 minutes of daily physical activity. If teachers are to develop 

successful courses, they need to understand current concepts in exercise and health 

science. Educators at all levels should be good models of physical activity behaviour. 

" 

In 1905, the Board of Education provided the first (National) British Syllabus 

for Physical Education and reported that the primary objective of any course of 

physical exercise in schools should be to maintain, and if possible, improve the health 

and physique of children. Over the years, the link between school physical education 

and health has remained, but has tended to be obscured by attempts by physical 

educators to stress the educational and recreational aspects of physical education. 

Besides actually participating in physical activities, a theoretical aspect of exercise 

could be introduced into physical education classes. This theoretical aspect could 

include introducing children to effort rating scales, to help them understand why they 

feel the way they do during physical education classes. No study to date has achieved 

this. 

An active lifestyle does not reqmre a regimented, vigorous exercise 

programme. An exercise prescription that is perceptually acceptable to the participant 

promotes programme adherence, and helps to establish a positive attitude towards 

physical activity (Dishman, 1982a). It has been reported that if inactive people select, 

or are prescribed an intensity that is perceived as very effortful relative to their 
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physiological responses, they may expenence problems with exercise adherence 

(Dishman, 1994). Instead, small changes that aim to increase daily physical activity in 

children would help to reduce their risk of chronic disease later in life, thus 

contributing to enhanced quality of life. 

It is the relative intensity of physical effort that determines whether 

favourable physiological and biochemical changes take place (HEA, 1994). In order to 

determine this relative intensity of effort, a valid and reliable measuring tool is 

required. There is currently huge scope for exploring the external validity and 

application of child-specific effort rating scales within a physical education 

environment. This would give an added understanding of sport, physical activity and 

exercise, aiding delivery of health-related exercise in the physical education national 

curriculum. Such an understanding might contribute to the maintenance of life-long 

personal health and fitness, an aim set out by the DES (1989), NICC (1990), HEA 

(1994) and National Curriculum Guidelines (1999). 

Physical education lessons must 'enable students to have enjoyable and 

meaningful experiences,' and 'develop positive attitudes towards health and fitness ' 

(Kirk, 1986a). An ethnographic case study conducted by Kirk (1986a) explored 

teacher's attempts to introduce and develop a health-related fitness course as a part of 

the physical education curriculum at Forest School, a 14-18 years, co-educational 

Upper School and Community College in England. The teachers attempted to 

measure their effectiveness in achieving the aspiration of 'enabling students to have 

enjoyable and meaningful experiences' by relying on the cues and messages picked up 

from students during lessons. If students appeared to be interested and involved in the 

lesson, then teachers assumed that they were, more or less, enjoying themselves. 

Additional factors such as the extent to which students exercised during free time out 
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of school, and were conscious of their diets were also deemed important indicators of 

the success or failure of teaching towards this aspiration. 

To maintain participant confidentiality, the source of the 'aspirations' could 

not be published. In relation to the second aspiration of 'developing in students 

positive attitudes towards health and fitness', the idea was that through the 

development of such an attitude, students would take steps to become fit, or else stay 

fit, from schooling and on into adulthood. The problem arose of how to test the 

effectiveness of this aspiration, when the results were seen after the students had left 

school. Without direct evidence of what the students thought and did when they left 

school, the teachers had no way of knowing how effective their teaching had been. 

This difficulty could have been overcome by carrying out a longitudinal survey of 

students at intervals after they had left school. However, this would have involved a 

number of difficulties relating to finance, time, consistency of staff, locating students 

and access to relevant confidential information. Perhaps in anticipation of these 

difficulties, such a survey has never been carried out. 

Without feedback on the effectiveness of their teaching, the best the teachers 

at Forest School could do was hope they had some influence. Without direct evidence 

of their success or failure at Forest School, the teachers had to argue the case for 

teaching the health-related aspects of the curriculum entirely on the basis of the vital 

role this knowledge played in students' lives. They had to argue that the knowledge 

was so important, that it was better that students were 'in the know,' and then allowed 

to make decisions for themselves concerning whether or not they wanted to use this 

knowledge, than to be left in ignorance. 

The teachers at Forest School found new ways of publicising their classroom 

efforts in health-related fitness. They provided a fitness evaluation and exercise 
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prescription service for other teachers in the school, and gave talks to professional 

groups. The teachers also staged some successful 'one-off events in an attempt to 

attract attention. One of these events was 'Project 82' which was an exhibition and 

demonstration of fitness activities. The teaching of health-related fitness at Forest 

School has evolved and has continued to survive (Kirk, 1986a). The views of Forest 

School teachers were that the development of attitudes towards health and fitness had 

an essentially affective dimension. One teacher reported; "we hand-out information to 

all the kids, and if one takes it in and it has some effect then that' s great. But we can't 

make them listen, we can't make them believe". The teachers at Forest School 

attempted to have some impact on students' values and attitudes towards health and 

fitness in the classroom environment, whilst also being judged publicly on their 

contribution to the pupils' school experience through extra-curricular sport and 

recreation. 

If the promotion of individual health is to be anything more than rhetoric, 

then it has to be acknowledged by teachers and administrators. A health-related based 

physical education curriculum is a concept which should be supported with 

appropriate expertise and resources. Otherwise, the teaching of health and fitness in 

the Physical Education curriculum will continue to only be regarded as a by-product 

of participation in physical activity. Introduction of child-specific effort rating scales 

into a physical education environment would help to determine if children can 

understand and apply effort sense, providing a theoretical aspect of exercise to classes. 

Such a tool could also aid the delivery of concepts within health-related exercise in 

the physical education national curriculum. 
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7. The Historical Perspective of Effort Perception 

7a. Rating of Perceived Exertion and Exercise Intensity 

There are several ways of determining exercise intensity. These include 

proportion of maximal oxygen consumption (% V02 max), proportion of maximal 

power output (% PO max), proportion of maximal heart rate (% HR max), proportion 

of maximal heart rate reserve (% HRR max), blood lactate indices and the rating of 

perceived exertion (RPE). The Borg RPE Scale is a tool for estimating effort and 

exertion, breathlessness, and fatigue during physical work. The concept of perceived 

exertion originated in the 1950's from pilot studies investigating the problems related 

to fatigue and work capacity by Borg and Dahlstrom (1959). In the 1950's the 

development of reliable ergometers in exercise laboratories, hospitals and in clinical 

exercise testing, was an important advancement. The need to understand people's 

perceptions in clinical settings and to integrate information from subjective symptoms 

with physiological signs also became more apparent. This stimulated a development 

in the direction of ratings of perceived exertion. The concept of measuring subjective 

feelings of exertion by means of a category scale first appeared in the literature in 

1961 (Borg, 1961), and since its development, the main use of the RPE scale has been 

in evaluating subjective 'strain' experienced during dynamic exercise (Borg and 

Linderholm, 1970). The modified 15-point Scale (Borg, 1971) is probably the most 

widely used RPE scale in sports and exercise science to date (Figure 1 ). 

The heart rate at any given RPE can be approximated by multiplying the RPE 

by 10 (Borg, 1973; Morgan, 1981; Williams and Eston, 1989; Dunbar et al., 1992; 

Williams et al., 1994). The American College of Sports Medicine (ACSM, 1995) are 

more specific in their definition of approximate heart rate at any given RPE for 

normal individuals. The ACSM reported that HR will approximate (RPE x 10) ± 20 
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to 30 beats/ minute for RPE's of 11 to 16, (values in the typical intensity range for 

training). RPE levels of 12 to 16 closely approximate 50 to 85% of a person's V02 

max (ACSM, 1986). It should be noted that the '6 to 20' scale was originally 

established for use with middle-aged men in order to predict exercise heart rate. For 

example, an RPE of 18 -20 (maximal exertion), when multiplied by 10 (180-200 

bpm) equates to the average maximal heart rate of a middle-aged man (Buckley et al., 

2000). 

6 No exertion at all 
7 Exremely light 
8 
9 
10 
11 Light 
12 
13 Somewhat hard 
14 
15 Hard (heavy) 
16 
16 
17 Very hard 
18 
19 Extremely hard 
20 Maximal exertion 

Figure 1: Borg's 15-point RPE Scale (Source: Borg, 1998) 

7b. Mediators Influencing RPE 

Experiences such as effort, breathlessness, fatigue, aches in the working 

muscles and feelings of warmness can be used to illustrate the concept of perceived 

exertion. Physical work or exercise always results in some degree of physical exertion 

(Borg, 1998). Exertion and fatigue are states with both physiological and 

psychological aspects (Borg, 1998). Other related concepts are subjective weight and 

heaviness, subjective force, arousal and exercise intensity. These sensations are 

filtered by the brain in order for a person to be able to perceive a single rating, 
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expressed verbally using the RPE scale. Figure 2 shows the filtering of sensations that 

lead to the verbal expression of an RPE (Buckley et al., 2000a). 
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Figure 2: Mediators ofRPE (Source: Buckley et al., 2000a) 

Thus, when a person exercises, physical and psychological signals, together 

with information from the performance environment and exertional symptoms are 

processed by the brain's sensory cortex and perceptually filtered. The person 

therefore experiences a range of sensations including muscular and respiratory­

metabolic factors, leading to the formation and expression of an overall rating of 

perceived exertion. 

The study of perceived exertion may be considered to be a sub-discipline of 

psychophysiology, which by definition means the study of physiology as it relates to 

psychological or behavioural function (Watt and Grove, 1993). Identifying the 

physiological foundations of perceived exertion has not been an easy task. The 

perceptions are not neatly tied to any one specific cue (Mihevic, 1981 ), and the 

psychophysical judgements of perceived exertion involve more than cognition or 

perception alone (Morgan, 1981; Williams and Eston, 1989). The perception of 

exertion (and effort) at very high intensities is related to diminishing work capacity 
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and fatigue, but at low or moderate intensities may be related to a state of activation or 

' arousal' that can have a positive effect on performance (Borg, 1998). 

Exertion and fatigue are states with both psychological and physiological 

components. Perceived exertion and pain are two concepts that may overlap at times. 

For example, during cardiac rehabilitation exercise testing, patients may experience 

pain in the legs or chest. The meaning of the pain in this situation has to be 

interpreted specifically for each person in terms of the suffering it causes. The 

intensity of pain may be used to compare changes within a person, or responses of the 

person pre- and post-therapeutic intervention. 

Exercise intensity is a concept related to fatigue and exertion, and may be 

interpreted in different ways. Exercise intensity may be given a physical stimulus­

based meaning, defined by physical measurements such as power or velocity, or it 

may be interpreted physiologically using measurements such as V02 or heart rate. The 

overall perceived exertion rating integrates information (Figure 2). Such information 

includes signals from the peripheral working muscles and joints, from the central 

cardiovascular and respiratory systems and from the central nervous system. These 

signals include muscle and blood lactate, muscle glycogen stores, blood glucose 

levels, ventilatory volumes, personality structure, pain tolerance, past experiences, 

catecholamine production and neurotransmitter levels in the brain (Borg, 1998). 

Thus, perception of effort can be described as involving multiple physiological 

sensory signals derived from central changes in the cardiopulmonary system and local 

feelings of strain in muscles and joints (Ekblom and Goldbarg, 1971; Robertson, 

1982). All these signals, perceptions, and experiences are integrated into a 

configuration or 'Gestalt' of perceived exertion. Effort sense is therefore based upon 

the physiological cost, cognition (thinking), and perception (feeling). 
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There has been extensive research into the physiological factors correlated 

with the RPE scale. Ratings of perceived exertion are highly correlated with physical 

indicators of fatigue such as heart rate, oxygen consumption, blood lactate and 

ventilation (Pandolf, 1983; Borg et al., 1987; Williams and Eston, 1989). Because a 

close positive relationship has been observed between RPE and relative metabolic 

demand, it is accepted that the RPE scale may be used to regulate exercise intensity. 

If the HR:RPE relationship is known, exercise may continue without having to use 

heart rate monitors. Because ratings of perceived exertion for each individual provide 

a direct, subjective intensity level, other physiological measures such as % V02 max, 

may be predicted from intensity relationships (Table 2). Physiological measures, 

expressed as a proportion of the individual's maximum values, correlate better with 

perceived exertion (Borg, 1998). The percentage maximal heart rate reserve method 

can be employed to determine exercise training intensities using the equation; (% 

HRR max) x (HR max - HR rest) + HR rest (Karvonen and Vuorimaa, 1988). 

Therefore, for a 30 year old female with a resting heart rate of 72 bpm, a training 

intensity of 65% HRR max would equate to; (0.65 x 118) + 72 = 149 bpm. Borg 

( 1977) reported that relative HR expressed as a proportion of the maximal heart rate 

reserve correlated better with RPE than raw HR values. 

8. Nature of the Relationship 

Sa. The Category-Ratio (CRlO) Scale 

The RPE 6-20 scale was developed by Borg so that perceptual ratings of 

exercise effort increased linearly with power output, oxygen consumption and heart 

rate. However, certain physiological variables such as ventilation and blood lactate 

production are related to exercise intensity according to non-linear responses. A scale 
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was therefore needed that would identify perceptual ratings of exercise effort 

associated with non-linear physiological responses, i.e. lactate metabolism. 

Therefore, Borg (1982) developed the O to 10 Category-Ratio (CRl 0) Scale so that 

perceptual ratings increased in an exponential fashion. Steven's (1946) classification 

of scales of measurement provided a fundamental basis for the CRl O scale 

construction. The ratio scale (Stevens, 1971), was accepted as the best choice for 

general descriptions of perceptual variations, so that verbal expressions and numbers 

could be used in a way that was suitable for non-linear characteristics of sensory 

perception and physical stimulation. The CRlO scale (Borg, 1982) has numbers 

anchored to verbal expressions (Figure 3) and contains some of the category 

properties of the 15-point RPE Scale. However, unlike the 6-20 RPE scale, the CRl 0 

scale also contains ratio properties. 

The numerical values in the Category-Ratio scale have a fixed relation to one 

another. For example, using the CRl O scale, an intensity judgement of 2 is gauged to 

be half that of 4. The dot above the 10 on the scale (Figure 3) means absolute 

maximum, numbers higher than 10 are therefore possible. If the subjective intensity 

increases above a rating of 10, the person may select any number in proportion to 10 

that best describes the proportionate growth in the sensation of effort. 
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0 Nothing at all NoP' 

0.3 

0.5 Extremely weak Just Noticeable 

Very weak 

1.5 

2 Weak Light 

2.5 

3 Moderate 

4 

5 Strong Heavy 

6 

7 Very strong 

8 

9 

10 Extremely strong 'MaxP' 

11 

Jt' 

Absolute maximum Highest possible 

Figure 3: Borg's CRlO Scale (Source: Borg, 1982) 

To be able to compare RPE values obtained with the Borg 6-20 RPE scale 

and those obtained with the Borg CRl O scale, a transformation table (Table 1) can be 

employed (Borg and Ottoson, 1986). The transformation table can also be used for 

rough transformations in the other direction from the CRlO scale to the RPE scale. 

The CRlO scale is commonly used to estimate pain intensity, such as angina or 

musculoskeletal pain, or other subjective problems such as breathing difficulties. In 

contrast, the RPE 6-20 scale is preferable to use for tests of perceived exertion, 
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exercise testing, and for prescribing exercise intensities in a variety of settings e.g.; 

cardiac rehabilitation. 

Table 1: Scale Transformation 

RPE Scale 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

CRlO Scale 
0.0 
0.0 
0.5 
1.0 
1.5 
2.0 
3.0 
3.5 
4.5 
5.5 
6.5 
7.5 
9.0 
10.0 
12.0 

An advantage of category scales when used for the assessment of clinical 

symptoms is that they provide certain 'absolute' or 'direct' estimates of intensity 

levels that ratio scales cannot (Borg, 1962; 1982). A disadvantage with category 

scales is that they don't reflect relations between subjective intensities as well as ratio 

scales. 

8b. Power Functions 

Blood lactate has been widely investigated as a local sensory cue that 

contributes to effort perception, as both lactate and CRl O increase exponentially with 

increases in exercise intensity (Borg et al., 1987; Hampson et al. , 2001). Sensations of 

pain and discomfort in the muscles are often felt after the point at which lactate 

accumulates in the blood (Mihevic, 1981). Psychophysical relations may be described 

by power functions according to the psychophysical equation proposed by Borg 

(1961a); R =a+ CS n. This equation has been suggested to describe the growth of 
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perceived effort (R) with increasing exercise intensity (S). The component 'a' 

represents perceptual noise, 'c' is the proportionality constant and 'n' is the exponent 

of the power function. Further simplified, the psychophysical characteristics of the 

relationship between perceived exertion (Response, R) and exercise intensity 

(Stimulus, S) can be described as R = c x sn, where n is the exponent which reflects 

the growth function (Eston and Williams, 2001 ). 

Exponents of 1.6 have been obtained for perceived exertion in cycle 

ergometry exercise (Borg, 1982; Noble et al., 1983; Borg et al., 1985) (Figure 4), and 

exponents ranging between 2.2 - 2.5 for blood lactate (Noble et al., 1983; Borg et al., 

1987) (Figure 5). Figure 6 shows that since lactate values rise in a positively 

accelerating manner with power output, the CR-10 Scale, devised to rise in a similar 

fashion, will show parallel responses. 

Exponent of 1.6 

CRIO 

Power Output (W) 

Figure 4: Hypothetical Relationship between CRlO and 
Power Output to show typical Curvilinear Response 

CRlO 

VE/La 

VE/La 

Exponent of2.2 

Power Output (W) 

Figure 5: Hypothetical Relationship between 
Ventilation/ Blood Lactate and Power Output 
to show typical Curvilinear Response 

Figure 6: Hypothetical Relationship between CRIO and Ventilation/ 
Blood Lactate to show typical Linear Response 
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Borg and Borg (1998) regarded the CRI O scale as 'rather rough' for practical 

use, and suggested that a need existed for a more 'fine-graded' scale. Hence, Borg 

and Borg (1998) developed a new CR Scale: the CR 100 Scale, (Figure 7). The CR 

I 00 Scale was developed using quantitative semantics, the science that deals with the 

meaning of words and the quantitative relationship between verbal expressions. 

• I Ab1ok11e mmdmim 

•• ~1= - "Maxlmar MaxX .. 

• 
A 

•• 

• Extrwnllly alrong .. 
• ... 
" " . Very Slrtlng .. 
• • 
• .. Slrong Heavy .. 
I • -• ., 

Moderale • .. 
• 
11 ... 
11 

11 Weelt. ~ 
11 

: -i Very-k 

• 
~ - Extremely weak Jlllt nollcMble 
'it .... "Minimum• 

1 

• - NoClq It all 

Figure 7: CR 100 Scale (Source: Borg & Borg, 1998) 

In the CR 100 Scale, ' I 00' anchored in 'Maximal - Max X', is the main point 

of reference. All other scale values are set in comparison to this point of reference. 

Therefore, responses are reported in centigrade of this 'Max' value as a 'unit'. The 

scale may also be referred to as the ' centi-Max' (cM) scale and the values cM values. 
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8c. Blood Lactate, RPE and the Exercise Mode 

The lactate threshold (Tiac) was originally defined as the first increase in 

blood lactic acid above resting values during incremental exercise (Wasserman et al., 

1973). The exercise intensity at the Tiac is associated with a non-linear increase in 

pulmonary ventilation (VE) (the ventilatory threshold, Tvent) due to the buffering of 

lactic acidosis. Hetzler et al. (1991) examined measures of heart rate, V02 and RPE 

( overall, peripheral and respiratory-metabolic) at exercise intensities corresponding to 

the lactate threshold, blood lactate levels of 2.0, 2.5 and 4.0 mmol/1, and maximal 

exercise. Peripheral RPE was defined as sensations of exertion in the active muscles 

and limbs, while respiratory-metabolic RPE was associated with sensations of 

exertion related to the cardiopulmonary system (ventilation and HR). 

Twenty-nine untrained male participants (aged 31.5 ± 4.8 years) completed a 

V02 max / lactate threshold (T1ac) protocol on a cycle ergometer and treadmill. A 

repeated measures ANOV A indicated that despite significant differences (P<0.05) 

between the cycle ergometer and treadmill protocols in heart rate and V02 at the T1ac, 

each blood lactate level and maximal exercise, the RPE ( overall, peripheral and 

respiratory-metabolic) were not significantly different. For example, mean (± S.D) 

overall RPE values at the lactate threshold, blood lactate concentrations of 2.0, 2.5, 4 

mmol/1 and maximal exercise were; 10.2 (2.2), 13.1 (2.1), 14.l (2.3), 15.9 (2.3) and 

18.8 (1.3) for cycling exercise and 10.8 (1.9), 13.8 (1.8), 14.6 (1.6), 16.2 (2.6) and 

18.5 (1.5) for treadmill exercise. This is a somewhat surprising result since one would 

expect peripheral RPE to be significantly greater in cycling exercise (Shephard, 1987). 

Significant differences were found to exist between differentiated RPE values 

for discrete workloads corresponding to the T1ac, blood lactate values of 2.0, 2.5 and 4 

mmol/1 and maximal exercise within exercise modalities. For example, peripheral 
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RPE values were significantly greater (P<0.05) at the T1ac and blood lactate 

concentrations of 2.5 mmol/1 and 4 mmol/1 for the treadmill protocol. It was also 

observed that in cycle exercise, peripheral RPE was greater than respiratory-metabolic 

RPE at each exercise intensity. These results suggest that localised sensations of 

exertion comprise a greater percentage of the overall perception of effort in cycling 

exercise. The lower respiratory-metabolic RPE compared with peripheral RPE in 

cycling exercise was consistent with the finding that V02 and HR values were less at 

each exercise intensity. 

The results of this study found that perception of effort at the lactate threshold 

(T1ac) blood lactate concentrations of 2.0, 2.5 and 4.0 mmol/1 and maximal exercise 

were stable across the protocols ( cycle and treadmill), which may have implications 

for exercise prescription (Hetzler et al., 1991). Because blood lactate varied, as the 

RPE varied, it was suggested that blood lactate might act as a primary mediator for 

effort perception (Hetzler et al., 1991). However, because peak blood lactate 

concentration occurs some minutes after the performer has finished exercising (Winter 

and MacLaren, 2001 ), it may not serve as a primary mediator for effort perception. 

Although blood _lactate is a useful indicator of metabolism that contributes to the 

physical signals leading to the verbal expression of an RPE (Buckley et al., 2000a), it 

is likely that other factors act as primary mediators of effort perception (Borg, 1998). 

Under many exercise conditions, the most intense perceptual signal arises from 

peripheral mediators such as exercise-induced changes in blood pH, plasma glucose 

levels and regional blood flow (Noble and Robertson, 1996). The respiratory­

metabolic (minute ventilation, respiratory rate and relative oxygen consumption) and 

nonspecific physiological responses (increased catecholamine production and 
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increased skin temperature) influence the 'fine tuning' of the verbal expression of an 

RPE (Noble and Robertson, 1996). 

8d. Anaerobic and Ventilatory Thresholds in Adults and Children 

In most individuals, lactate does not accumulate below an intensity of about 

65% V02 max, and at lower intensities is unlikely to have much influence on RPE 

(Mihevic, 1981). As exercise intensity increases, V02 increases linearly, but blood 

lactate levels change only slightly until about 60-80% of V02 max is reached, 

depending on level of training. After this, blood lactate increases rapidly. Because 

blood acidity is a factor that increases ventilation (VE), the sharp increase in VE 

during exercise is often used to indicate the inflection point in the blood lactate curve 

(Eston, 2001). This is termed the Anaerobic Threshold, whereas the disproportionate 

rise in VE at this point is termed the Ventilatory Threshold (Tvent) (Eston, 2001). 

Although blood lactate levels relate to perceived exertion at high exercise intensities, 

the mechanism by which lactate mediates effort perception has not yet been identified 

(Hampson et al., 2001). Poulus et al. (1974) and Robertson et al. (1986) suggest that 

lactate does not affect perceived exertion per se, but indirectly contributes to effort 

sense through pH changes associated with lactic acid production. The lactate 

threshold (Tiac) therefore forms an important physiological anchor point for perception 

of effort. Research indicates that perceived exertion at the T1ac is not affected by 

gender or state of training (Purvis and Cureton, 1981). 

In a study to examine ratings of perceived exertion at the T1ac using a 

discontinuous, progressive speed and grade-incremented treadmill protocol, Demello 

et al. (1987) observed that trained and untrained men and women aged 18-35 years 

perceived the exercise intensity at the T1ac as 'somewhat hard' (RPE = 13 to 14). They 

reported that regardless of state of training or gender, an exercise intensity equal to the 
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Tiac could be prescribed by having people exercise at an intensity that is perceived as 

' somewhat hard', equivalent to an RPE of 13 to 14. It is reported that most adults rate 

the Tvent (60 - 75% V02 max) as ' somewhat hard' or 'hard' (RPE 13 to 16) (Borg and 

Linderholm, 1967; Purvis and Cureton, 1981, Hill et al., 1987), and reach the 

subjective limit of fatigue at an RPE of 18 to 19 'very very hard' (Borg and 

Linderholm, 1967). According to the above, an exercise intensity that equates with 

the lactate and ventilatory thresholds (RPE 13 to 16) could be prescribed by reference 

to this perceived level of relative effort production for improving cardiorespiratory 

fitness in adults (Purvis and Cureton, 1981; Pollock et al., 1986; ACSM, 1990). 

The ventilatory threshold is related to endurance performance in both children 

and adults (Powers et al., 1983; Unnithan et al ., 1995), and may serve as an optimal 

intensity for exercise prescription (Davis, 1985). Exercise above the Tvent is 

associated with increasing ventilatory responses, rising blood lactate and 

catecholamine concentrations, all of which may hinder optimal exercise duration 

(Davis, 1985). For these reasons the assessment of the RPE at the T vent is justified. 

In children, average RPE corresponding to the Tvent (approximately 71 % V02 

max) was reported to be 12.4 and 11.4 on successive graded exercise tests performed 

on a treadmill (Mahon and Marsh, 1992). Duncan et al. (1996) reported that RPE at 

the T vent was 12.3 on a graded treadmill test and 11.6 on a graded cycle ergometer 

protocol in male children, and that the Tvent occurred at the same percentage of V02 

max (63%) in each protocol. This may have occurred because the decline in V02 max 

from the treadmill test to the cycle test was similar to the decline in the V02 max at 

the Tvent· Therefore, the Tvent occurred at approximately 63% V02 max during both 

the treadmill and cycle tests. This observation has also been made in adults 

performing different modes of exercise (Davis et al., 1976; Robertson et al.,1990). 
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In conclusion, it appears that the RPE at the T vent in children is slightly less 

than the values reported in adults. This supports the observation that children 

generally rate a given level of exercise as being less strenuous than adults (Bar-Or and 

Ward, 1989). Children's muscle is metabolically geared more towards aerobic energy 

metabolism than to anaerobic energy metabolism (Erikson, 1972). This results in 

children exhibiting a reduced ability to produce lactic acid during exercise, and 

therefore a need exists to alter the traditional concepts of the 'anaerobic threshold' 

(Boreham and Van Praagh, 2001). 

The use of 4 mmol/1 blood lactate as an indicator of the anaerobic threshold 

may coincide with approximately 77% V02 max in adults, compared with 90% V02 

max in 13 to 14 year old children (Williams and Armstrong, 1991). Children are 

unable to generate or tolerate high levels of blood lactate. Williams and Armstrong 

(1991) therefore propose the use of a lower blood lactate concentration of 2.5 mmol/1 

in children as a guide to running capacity, rather than the marker of 4 mmol/1 used for 

adults. 

The Tvent can be assessed reliably and accurately in children during treadmill 

or cycle ergometry protocols. However, a number of considerations including the 

child's level of fitness, the influence of the walk-run transition, the increase in work 

rate and the exercise mode need to be considered when developing the optimal 

exercise testing protocol for determining the Tvent in paediatric subjects (Mahon and 

Cheatham, 2002). 

Assessing differentiated RPE in children during exercise may provide a better 

insight into how children process sensory information during exercise to form an 

overall rating of perceived exertion. However, there is limited information regarding 

differentiated RPE in children. 
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In 1998, Mahon and colleagues examined overall, peripheral (leg) and central 

(chest) RPE at the ventilatory threshold in children and adults during the course of a 

graded exercise test. Although all three ratings in children were higher than in adults, 

the results suggest that children were able to distinguish sensory cues arising from 

different physiological responses during graded exercise. 

A follow-up study (Mahon et al., 2001), was designed to examine overall, leg 

and chest RPE during constant work exercise performed at a submaximal intensity 

equivalent to the Tvent (64% V02 max for children and 61 % V02 max for adult 

participants) in a group of subjects from the same cohort used in their 1998 

investigation. Sixteen children (aged 10.7 ± 0.8 years) and 16 adults (aged 24.2 ± 1.8 

years) completed a submaximal exercise bout on a cycle ergometer at a work rate 

corresponding to the V02 at the Tvent· The Tvent was determined during a graded 

exercise test on a cycle ergometer, and was defined as the point when the ventilatory 

equivalent for V02 began to increase without an accompanying change in the 

ventilatory equivalent for CO2 (Caiozzo et al., 1982). 

Each participant completed a 4-minute warm-up followed immediately by 16-

minutes of constant submaximal exercise at the desired work rate. Pulmonary gas 

exchange, HR, blood lactate, and overall, peripheral (leg) and central ( chest) RPE 

were measured at 8 and 16 minutes of the exercise bout. 

ANOV A results revealed that between groups, RPE tended to be higher and 

increased more over time in the children compared to adults (P<0.08). Leg and 

Overall RPE were greater than Chest RPE (P<0.05). RPE in children ranged from 

11.6 ± 2.3 (chest) to 12.6 ± 2.6 (leg) at 8-minutes, and from 13.3 ± 2.8 (chest) to 15.1 
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± 2.9 (leg) at 16-minutes. In adults, RPE ranged from 10.9 ± 1.9 (chest) to 12.0 ± 1.8 

(leg) at 8-minutes, and from 11.8 ± 2.1 ( chest) to 13.3 ± 1.6 (leg) at 16-minutes. 

A two-way ANOVA (group x time) on the heart rate responses at 8 and 16-

minutes of exercise revealed significant differences between the children and adult 

groups (children>adults) (P<0.05), and over time (16-minutes>8-minutes) (P<0.05). 

However, there was no interaction, indicating that HR increased by similar amounts 

between groups. Blood lactate concentration was significantly lower (P<0.05) in the 

children, and decreased (P<0.05) over time and similar to the HR data, there was no 

interaction effect. VE / V02 was significantly higher in the children (P<0.05), but 

there were no changes over time and no interaction effect. 

Heart rate and VE/ V02 were higher in the children than in the adults, and 

smce signals from degree of cardiorespiratory strain may influence RPE, these 

responses may account for the tendency for RPE to be higher in children. Lower 

blood lactate concentrations observed in children may be attributed to reduced lactate 

production in the muscles and decreased muscle glycogen levels (Eriksson et al., 

1971). In addition, lower blood lactate concentrations observed in children may be 

attributed to an increased oxidative capacity (Eriksson, 1972), and could also be 

influenced by factors associated with its clearance from the circulation (Mahon et al., 

1997). The study by Mahon et al., (2001) confirms the ability of children to 

discriminate sensory cues of exertion. However, the authors recommend that the 

specific mediators involved in children's perception of effort warrant further study. 

In conclusion, children display a different relationship between RPE and 

blood lactate compared to adults. Compared to adults, the literature indicates that 

children report a higher RPE for a given blood lactate level. Children exhibit a lower 

generation of blood lactate, but report a higher RPE. In addition, the blood lactate 
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concentration of 2.5 rnmol/1 at the anaerobic threshold for children (Williams and 

Armstrong, 1991), is lower than the blood lactate concentration reported for adults of 

4 mmol/1 (Heck et al., 1985). In the reporting of an overall rating of perceived 

exertion, blood lactate is not the only determinant. The overall rating of effort 

perception integrates signals from the peripheral, central cardiovascular, respiratory 

and central nervous systems. 

9. Use of RPE for Exercise Prescription 

Rating of perceived exertion is often taken into account for exercise 

prescription. The concept may be applied to endurance training in various sports and 

also to improving general fitness and to rehabilitation. Perceived exertion is 

considered in exercise prescription because of its close relationship with physiological 

measures such as HR, and because it also integrates other important strain variables. -

If a person can learn to use their effort sense and develop sufficient awareness 

for determining an appropriate exercise intensity for regulating and controlling their 

exertion, it would remove the need for using other devices e.g., heart rate monitors, 

and would ensure that exercise training is not interrupted for periodic heart rate 

measurements. Rating of perceived exertion is therefore a method of exercise 

prescription that is applicable over a wide range of clinical, recreational and athletic 

settings. 

It has been recommended that during the initial phase of training, exercise 

intensity should be regulated by both HR and RPE (ACSM, 1991; Noble and 

Robertson, 1996). Additional use of perceptual monitoring helps· to refine the 

exercise prescription by subjectively matching the performance with the training zone. 

As the training programme progresses and the participant develops a knowledge of the 
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HR:RPE relationship, heart rate monitoring can be reduced or eliminated, and RPE 

can be used as the main method for regulating intensity. Regulation of the prescribed 

exercise intensity can then be accomplished by producing a target RPE. In addition, 

changes in RPE can be used as a guideline in modifying the exercise prescription. 

The ACSM (1990) recommend an intensity of 50 - 85% V02 max for 

enhancement of cardiorespiratory fitness in adults. In 1995 the guidelines for 

enhancement of health and cardiorespiratory fitness were 40 - 85% V02 max. The 

two sets of recommendations are not identical because the position stand (1990) 

focused primarily on fitness enhancement, whereas the recommendations (1995) were 

designed to encompass activity that may enhance health (at lower intensities). It has 

been reported that aerobic capacity improves if exercise is sufficiently intense to 

increase HR to about 70% of maximum, which is equivalent to 50 - 55% V02 max 

(Gaesser and Rich, 1984). Adapted from the ACSM (1991), Table 2 shows the 

approximate intensity relationships between percentage of maximum heart rate, 

maximum heart rate reserve, maximum oxygen consumption and the rating of 

perceived exertion. 

Table 2: Intensity Relationships 

%HR max %HRRmax % V02max RPE (6-20) 

60 45 38 10 

70 55 50 12 

80 65 60 13 

85 80 70 13 

90 85 85 16 
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10. RPE: Methodological Considerations 

10a. Reliability of Effort Perception 

In several studies examining the reliability of the RPE scale in adults (Skinner 

et al., 1973; Stamford, 1976; Wenos et al., 1996), reliability has typically been 

reported as test-retest correlation coefficients, which between the range of 0.70 - 0.90 

have been regarded as sufficiently high to indicate 'consistency of results'. One could 

question these claims for reliability on statistical grounds. The lack of regard given to 

the appropriateness of the statistical techniques used to quantify reliability first 

appeared in the literature in 1986, when Bland and Altman highlighted that correlation 

coefficients do not actually assess the level of agreement between repeated measures 

(they quantify the degree of association). The intraclass correlation coefficient (ICC) 

for test-retest reliability analysis may be obtained from a repeated measures analysis 

of variance (Thomas and Nelson, 1990), and may be calculated as: R = (MSs - MSw) 

I MSs, where MSs represents between-subject variance, and MSw represents within­

subject variance. 

However, Bland and Altman (1986) argued that the intraclass correlation was 

too sensitive to the range of measurements in a sample (between-subjects variance), 

because any correlation coefficient depends not only on the level of agreement but 

also on the range of scores in the sample. Therefore, it is possible for the ICC to mask 

quite large disagreements for individual subjects. As an alternative, Bland and 

Altman (1986) presented their statistical technique of analysing the 95% limits of 

agreement (95% LoA) between repeated measurements. It is recommended that 

studies which research the validity and reliability of effort rating scales for children, 

conduct both the Intraclass Correlations ( overall and individual level) and 95% Limits 

of Agreement analysis (Eston et al., 1999). Together they provide a comprehensive 
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picture of a scale's reliability. This technique is now being increasingly used as the 

accepted method for examining the reliability of the RPE scale during standardised 

and replicated exercise conditions, and two research studies in the field of sports 

medicine and paediatric exercise science which have employed this analysis (Lamb et 

al., 1999; Buckley et al., 2000) are discussed in Section 12d. 

10b. Mode of Exercise 

The validity of the RPE has been demonstrated for different modes of 

exercise including cycling (Skinner et al., 1973), walking and running (Robertson, 

1982), stepping (Walker et al., 1996) and rowing (Marriott and Lamb, 1996). In 

addition, variations in levels of physical activity (Eston and Williams, 1988; Parfitt et 

al., 1996), and conditions such as blindness (Buckley et al., 2000), asthma (Yorio et 

al., 1992) and cardiac disease (Dunbar et al., 1998) do not appear to affect the validity 

of the RPE scale to reflect metabolic demand. 

Ratings of perceived exertion are now being increasingly applied to evaluate, 

monitor and prescribe the intensity of physical activity during clinical exercise testing, 

exercise programmes, occupational tasks and athletic performances. Ratings of 

perceived exertion are an important component in the clinical and laboratory practice 

for; (i) assessing exercise tolerance (Ekblom and Goldbarg, 1971; Noble, 1982; 

Pollock et al., 1986b; Eston and Thompson 1997), (ii) prescribing exercise intensity 

for training (Borg and Linderholm, 1967, 1970; Pollock et al., 1982; Eston et al., 

1987; Eston and Williams, 1988; ACSM, 1986, 1991), (iii) assessing the effectiveness 

of a therapeutic exercise intervention (Gutmann et al., 1981), and (iv) guiding the 

duration of a graded exercise test (Noble, 1982). 
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10c. Exploring Preferred vs. Prescribed RPE 

The differences in psychological affect and interest-enjoyment between a 

prescribed intensity (65% V02 max) and a preferred intensity exercise session were 

investigated by Parfitt et al. (2000). Twenty six (12 male and 14 female) aerobically 

fit individuals (aged 20.5 ± 2.6 years) exercised for 20 minutes at 65% of their 

predicted V02 max on a motorised treadmill. Heart rate, RPE (6-20) and Subjective 

Exercise Experiences Scale (SEES) (McAuley and Courneya, 1994) readings of 

psychological affect were measured in the last 45s of each 5-minute period. 

On a subsequent occasion, participants were instructed to exercise 

continuously on a treadmill at their own preferred work rate for 20 minutes. They 

were informed that they could change the intensity after 5, 10 and 15 minutes if they 

wished to do so. As with the prescribed session, heart rate, RPE and SEES were 

measured in the last 45s of each 5-minute period. 

At the end of a third session ( either preferred or prescribed) participants were 

questioned about which exercise session they had preferred and why. Results 

revealed that during the preferred exercise condition participants chose to exercise 

significantly harder (average intensity of 71 % V02 max) compared to their prescribed 

sessions of 65% V02 max, with no significant difference in RPE between the two 

exercise conditions. These results suggest that RPE in a preferred exercise protocol is 

lower. When left to select their own intensity, individual work rates increased over 

the duration of the exercise session. In addition, there were no significant differences 

in levels of positive well-being and psychological distress between a prescribed and 

preferred intensity exercise session, despite participants exercising at a significantly 

higher intensity in the preferred condition. In both conditions, participants showed 

high levels of interest-enjoyment. However, in the preferred condition they reported 

84 



feeling more self-determined. Improved self-determination increases intrinsic 

motivation for exercise, which may lead to improved adherence to a preferred exercise 

regimen (Parfitt et al., 2000). These results are important from a health promotion 

perspective and have implications for the traditional method of prescribing exercise 

programmes. 

10d. Mode in which the RPE is used:- Active or Passive? 

Since the 1970's Ratings of Perceived Exertion have been examined by 

employing a variety of exercise methodologies; continuous, discontinuous, 

incremental and randomised. Unlike continuous methodologies, discontinuous 

methodologies have rest periods between exercise bouts, thus reducing the influence 

of fatigue on effort perception. Methods which measure responses to a situation 

where the exercise gets progressively harder are termed 'incremental', whereas 

'randomised' methods randomise the order of presentation of workloads. In these 

methodologies the relationship between perceived exertion ratings and various 

measures of exercise intensity have been derived by the estimation and production 

methods. The estimation method is also termed the response method (Williams and 

Eston, 1996). For_ this method, a rating of perceived exertion is given in response to a 

request from the tester to indicate how 'hard' the exercise feels. The information may 

be used to compare responses between conditions or after some form of intervention. 

It may also be used to assist the tester in the prescription of exercise intensities (Eston 

and Lamb, 2000). In the production method the participant is requested to produce a 

specific RPE during the exercise bout (Eston and Lamb, 2000). Measures of metabolic 

demand may then be compared at each RPE-derived exercise intensity level. 

The first study to apply the rating of perceived exertion in a production 

protocol was Smutok et al., (1980). Ten normal adult males aged 25.5 ± 2.7 years 
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completed a discontinuous estimation treadmill protocol and reported their RPEs 

using the Borg 6-20 scale at treadmill speeds of 4.7, 6.5, 9.7, 11.3 and 12.9 km/hr 

(presented in a progressive order; Trial 1 ). Participants exercised at each treadmill 

speed for five minutes. Heart rate, V02, VE and RPE were measured during the last 

minute of each exercise bout. Participants were then requested to subjectively 

regulate their own treadmill speed during two separate discontinuous effort production 

protocols, to match the RPEs (randomised) reported for each speed during the 

estimation protocol (Trial 1 ). Speed and heart rate at equivalent RPEs were compared 

across Trial 1, Trial 2 and Trial 3. Trials were separated by approximately one week. 

Regression analyses revealed that there was no difference in speed across all 

RPE between the three trials; however, heart rate was seen to become progressively 

higher during the production protocols (Trial 2 and 3) compared to the estimation 

protocol (Trial 1). Pearson's product moment correlation coefficient revealed that 

heart rate reliability was significant (p<0.05) during running speeds (above 9 km/hr, 

RPE 12), but not significant (p>0.05) during walking speeds. Regulation of walking 

exercise was shown to be inaccurate when considering heart rate as the measure of 

exercise intensity, even though speed was reliably regulated. For example, the mean 

speed at the lowest RPE was 4.7 km/hr during Trial 1 and 5.3 km/hr during Trial 2 

and 3. The non-significant increase of 0.6 km/hr between the trials resulted in a 

significant increase in heart rate. Results revealed a general trend of improved 

accuracy with increasing RPE. Since 60% of the participants in this study preferred to 

change their mode of exercise (from walking to running) between the estimation and 

production trials, the mode change may have been responsible for the higher heart 

rates recorded in Trial 2 and 3, even though the RPE was the same. It was concluded 

that prescription of exercise by RPE could produce safe, effective and reliable 
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conditioning heart rates above 150 bpm (80% HR max) and running speeds above 9 

km/hr, but that caution ought to be used if strict adherence to target heart rates were 

required (Smutok et al., 1980). 

A subsequent study to assess the usefulness of the Borg (1970) 6-20 RPE 

scale during estimation and production protocols was conducted by Eston et al., 

(1987). Sixteen relatively fit young men (aged 21 ± 2.5 years) and twelve women 

(aged 23.2 ± 4.8 years) attended the laboratory on three occasions. 'Relatively fit' 

males were described as having an average V02 max of 57.6 ± 4.5 ml/kg/min and 

females 42.3 ± 4.6 ml/kg/min. On the first visit participants were introduced to 

running on a treadmill. On the second visit they completed a graded exercise test to 

assess maximal oxygen uptake. Rating of perceived exertion was recorded in the last 

15s of each incremental steady state V02• On a subsequent visit participants were 

requested to exercise on a treadmill at constant exercise intensities which they 

perceived corresponded to 9, 13 and 17 (presented in that order) on the RPE Scale. 

RPE was reported to be at least as good a predictor of exercise intensity as HR in both 

the estimation protocol (graded exercise test) and effort production test (Eston et al., 

1987). A significant finding from this study was that all participants were within 59 

to 84% V02 max (mean value 70% ± 7%) when their estimated effort RPE was 13, 

and an RPE of 16 to 17 correlated with approximately 90% V02 max. Rating of 

perceived exertion was reported to be a practically useful tool for quantifying exercise 

intensity when used by healthy and active individuals (Eston et al., 1987; Eston and 

Williams, 1988). 
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11. Effort Perception in Children 

lla. Use of the Rating of Perceived Exertion Scale with Children 

Although the RPE Scale has mainly been used with adults, it has been used 

with some success with children. Oded Bar-Or was the first to explore children's 

perceptions of exercise effort, and data was presented from six different projects 

involving a total of 589 children (aged 7-17 years) to the First International 

Symposium on Children and Exercise in Stockholm. Published in 1977, his research 

involved recording children's RPEs during continuous, incremental cycle ergometry, 

over an exercise range of 50 to 200W. Rating of perceived exertion was plotted 

against heart rate, and revealed that children in each of the six age groups (7 to 9, 8 to 

10, 10 to 11, 11 to 12, 13 to 14 and 16 to 17 years) reported higher RP Es in line with 

increases in power output (cycling resistance). However, compared with adults, with 

one exception (the 7-to 9-year old group) the children reported lower ratings of 

perceived exertion than adults at the same relative intensity. 

It was concluded that children younger than 16 years of age may experience 

problems with using the Borg RPE Scale compared with individuals aged 18 years or 

above. Although this research contained a number of methodological inconsistencies, 

i.e., variability of the children's exercise habits and some of the data collected as part 

of a heat-acclimatisation study, for the next ten years it was regarded as a benchmark 

for children's perception of effort. 

With a few exceptions, including research reporting on the consistency of 

RPE ratings among 'active' girls (Kahle et al., 1977), and research by Davis et al. 

(1 980) which explored RPE among anorexic female adolescents, no further studies 

relating to children's effort perception appeared in the literature until 1986. In this 

88 



year, five studies were published; (Bar-Or and Reed, 1986; Eston and Williams, 1986; 

Miyashita et al., 1986; Van Huns, 1986; Ward et al., 1986). 

Miyashita et al. (1986) examined the RPE:%HR max relationship during a 

continuous cycle ergometry estimation protocol in 120 boys aged 7 to 18 years, and 

reported correlation coefficients of r > 0.90 for the older age groups. The coefficient 

was lower (r = 0.55- 0.74) for the youngest age group (7 - 9 years). They concluded 

that 9 years of age might be the youngest age at which children could use the Borg 

RPE Scale in a valid manner. 

Researchers continued to investigate the RPE:objective effort relationship, 

mainly in laboratory settings and in 'estimation' mode. Most studies used a cycle 

ergometer as the mode of exercise (Aleskeev, 1989; Gillach, 1989; Ward and Bar-Or, 

1990; Ward et al., 1991; Lamb, 1995; Meyer et al. , 1995). Ward and Bar-Or (1990) 

investigated the usefulness of the Borg 6 - 20 RPE scale as a means for exercise 

prescription in overweight (body fat 30-38%) children aged 9-15 years. Twenty 

children cycled at four intensities based on a pre-determined % peak power, reporting 

RPE ratings at each load. During two return visits participants were asked to alter the 

resistance on the cycle ergo meter ( cycle tasks) and to walk or run around an oval track 

(track tasks) at intensities they perceived to equate with RPE 7, 10, 13 and 16. 

It was observed that children were able to discriminate between each of the 

RPE prescriptions on the cycle ergometer. However, the children over-estimated 

intensities on the track tasks. It was concluded that the overweight children needed 

additional instruction in using the Borg Scale for exercise prescription (Ward and Bar­

Or, 1990). It is important to highlight that the above study contained fundamental 

methodological inconsistencies. Different tasks were compared ( cycling vs. running) 

together with different psychophysical processes ( estimation vs. production 
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protocols). The implications of these methodological inconsistencies are considered 

further in Section 12c. 

In a later study, Ward et al. ( 1991) also compared children aged 8 - 14 years 

(n = 17) to an adult group (n = 19), for their ability to use the Borg 6-20 RPE Scale in 

cycle and walk / run exercise tasks. From an initial estimation cycle ergometry 

protocol, peak mechanical power (PP) was predicted. Participants then completed an 

intermittent cycle ergometry protocol at a constant pace of 50-60 rpm. Participants 

were asked to instruct the tester to alter the amount of resistance (weight) needed to 

produce an RPE of 7, 10, 13 and 16 (randomised). A two-minute period was allowed 

for addition / removal of weights, and then once the intensity had been selected and 

confirmed, participants cycled for a further two minutes. Heart rate and RPE were 

recorded during the last 15s of the protocol. A minimum of two minutes rest was 

given between exercise bouts. For the intermittent running task, subjects were asked 

to complete one lap of an outdoor 400m track at a speed equalling an RPE of 7, 10, 13 

and 16 (randomised). Speed was measured at 1 OOm intervals around the track and 

heart rate was monitored via a Sport Tester PE3000. Following each task RPE ratings 

were obtained. 

Results indicated that for the cycle ergometry task, both children and adults 

chose work levels that were incrementally higher at each of the four RPE levels (RPE 

16> RPE 13> RPE 10> RPE7) as shown by progressive increases in %PP and % 

HRmax with increasing RPE number (p<0.001). As expected, adults ran faster than 

children but the children were unable to discriminate between the four RPE levels. 

Only RPE 7 was significantly different (p<0.05) from the other RPE levels. 

Velocities at RPE 13 and 16 were nearly identical (3.31 vs. 3.33 mis). Whereas the 

adults employed a wider range of speeds, with significant increases (p<0.05) recorded 
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at each RPE level. The adults were also closer to the laboratory-determined criterion 

than the children were. It was recommended that children needed adequate practice in 

order to understand the concept of the RPE scale (Ward et al. 1991). 

A variety of exercise modes have been employed to investigate the validity of 

using the RPE scale with children. For example; a treadmill (Eakin et al., 1992; 

Mahon and Marsh, 1992; Mahon and Ray, 1995; Tolfrey and Mitchell, 1996), an arm 

ergometer (Ward et al., 1995) and a swimming pool (Ueda and Kurokawa, 1991). 

Despite Eston's (1984) discussion paper on the potential for using RPE in the 

secondary school physical education curriculum, only two studies to date (Nystad et 

al., 1989; Stratton and Armstrong, 1994) have attempted to use the RPE Scale in the 

field setting of a school physical education lesson in order to explore whether 

children's ratings of perceived exertion were related to their objective measures of 

exercise effort. A potential application of this would be in the delivery of optimal 

(cardiorespiratory) training intensities during school-based physical education lessons. 

In 1989, Nystad et al. published an illustrated RPE Scale with all of the written 

descriptors removed (Figure 8). Instead, six figures depicted various stages of effort 

and the scale was employed with a group of 10-12 year old asthmatic children in the 

real-world setting of a 60-minute physical education lesson. 
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Figure 8: Illustrated RPE Scale (Source: Nystad et al., 1989) 

The lack of a RPE:HR association was explained in terms of the small sample 

size (n=lO), relatively low intensity level of the physical education lesson (most heart 

rates below 150 bpm), and the fact that because the children were asthmatic they 

reported disproportionately higher RPEs than their heart rates. It was also reported 

that the children might have been physically inexperienced (lacking an awareness of 

different exercise intensities) (Nystad et al., 1989). In spite of Nystad's attempt to 

improve the children' s interpretation of the RPE 6-20 Scale and to try to enhance their 

understanding of exercise effort it was observed that children were still confused by 

the scale. 

11 b. External Validity of RPE 

In the early 1990's, although two investigations had ventured out of the 

laboratory onto a running track (Ward and Bar-Or, 1990; Ward et al., 1991) it was not 

until 1994 that the external validity of the RPE scale was further explored in a field / 

game setting by Stratton and Armstrong. Their study was the first to explore whether 
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children were able to use the RPE Scale during a games session (indoor handball 

lessons). Forty-two boys and girls aged 12.7 ± 0.3 years participated in the study. 

Heart rates were recorded once every 15s during the lessons, as were the percentages 

of lesson time spent at the 140 bpm, 160 bpm and maximum heart rate levels. Post­

lesson, the children provided an RPE score for when they perceived they were 

working their hardest during the physical education lesson, and how they perceived 

the overall intensity of the lesson. Pearson product-moment correlations were 

employed to assess three heart rate and RPE relationships. Results of the correlation 

analyses indicated non-significant differences at all levels. It was observed that the 

children had poor perceptions of the intensity of exercise during indoor handball 

lessons and grossly underestimated their level of exertion on Borg's CRl O Scale. It 

was concluded that the results had implications for coaches and teachers of young 

children, who should be aware that during games lessons, children's perceptions of 

the exercise intensity might well be confused with the difficulty experienced with the 

game activity itself (Stratton and Armstrong, 1994). 

Their choice of employing the CRI O scale in this study is interesting in light 

of the overwhelming research· providing evidence that adult-specific RPE scales may 

be invalid when used with paediatric populations. Due to this methodological 

discrepancy, it may have been that the children were confused by the use of the CRIO 

scale itself and not with the difficulty experienced during the handball lessons. It is 

highly likely that comprehension difficulties confounded the results. Another 

methodological flaw arising from this study is the fact that the children had to 

remember back to how they felt during the lesson, because they were asked to report 

their RPE scores after the lesson had finished. In light of this, one could question the 

validity of the children's RPE scores recorded in this study. 
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11c. Reported Difficulties of Using RPE 

Three years earlier, Williams et al. (1991) suggested that young children 

(aged 8-14 years) were capable of interpreting and using the RPE scale to control (or 

produce) exercise intensity levels. However, they observed that children younger than 

11 years of age had difficulty in cognitively assigning numbers to words or phrases 

that described exercise-related feelings. Many young children seemed to experience 

difficulty interpreting certain verbal cues that were semantically more advanced than 

their level of reading comprehension. 

Estimates based on discussions at American College of Sports Medicine 

(ACSM) meetings have highlighted the fact that even though the RPE scale was 

designed specifically for use with adults, a small percentage (5-10%) of adults 

experienced difficulty in understanding the instruction and the requests to respond 

(Borg, 1998). The ACSM (1 995) reported that 5 - 10% of persons unfamiliar with the 

RPE scale tended to over or under-estimate RPE during the early and middle stages of 

exercise testing, and suggest that three learning trials might help to reduce most errors 

of rating and permit RPE to be used as an adjunct to HR for monitoring exercise 

intensity. Already confirmed earlier by Williams and Eston (1988) and later by 

Buckley et al., (2000), practice with the RPE scale appeared to improve the reliability 

from trial to trial, even at lower RPEs. 

In 1998, Borg reported that adults of average or above intelligence, with a 

good understanding of their own language and ability to count and use numbers 

should not have any difficulties using the RPE scale. This clearly highlights the 

implications for using the RPE scale with younger populations! 

To ensure validity and reliability of using a scale with children, their age, 

their reading ability, and their ability to understand the chosen scale must be 
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considered (Lamb and Eston, 1997). It was recognised at the first international 

symposium on physical work and effort in 1975 that perception of exercise effort was 

a developmental process, which might be greatly influenced by the extent of 

children's experiences of exercise (Borg, 1977). However, the RPE scale has 

continued to be routinely applied without question in many studies and nearly ten 

years later Bar-Or (1986) was still recommending that further research be conducted 

in order to determine the youngest age at which a child could use the RPE scale as an 

intensity measure. Since then, there has been extensive research which suggests that 

.. 
the RPE scale-might not be the most appropriate for use with children (Miyashita et 

al., 1986; Eston and Williams, 1989; Williams et al., 1994; Lamb and Eston, 1997; 

Eston et al., 2000). Younger children might have problems regulating intensity of 

effort due to a limited experience of the range of sensations that accompany various 

exercise intensities. Children's ratings of perceived exertion become more realistically 

related to the metabolic cost of the activity as they grow older. This may be due to the 

increased experience of the range of sensations that accompany different types of 

physical effort (Eston and Williams, 1989). 

Effective use of the RPE scale demands comprehension and translation of 

verbal expressions of exertion into the corresponding numerical form. Continued use 

of the RPE scale with young people has shown that they are puzzled by both the 

wording of the verbal expressions and the unusual range of numbers on the scale 

(Williams et al., 1993; 1994). The RPE scale was developed with adults in mind, not 

children. The accompanying instructions were employed for adults not children, 

reminding participants not to focus on any one 'cue', but rather on general fatigue. 

Comprehension difficulties for children may therefore exist. 
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Following continued research into the use of the RPE scale with children it 

was highlighted in the late 1980's that derivation of an alternative means of assessing 

exercise intensity was needed when rating effort perception in children (Williams and 

Eston, 1989). Irrespective of the type of scale employed, it is absolutely imperative 

that the exercising participant understands exactly what is expected in terms of 

perceived effort ratings. Many cognitive difficulties exist with the use of the RPE 

scale with children, therefore the employment and research of other scales is justified. 

lld. Child-Specific Effort Rating Scales 

The literature suggests that the validity of using the rating of perceived 

exertion scale with children is questionable. The scale was designed for adults, and 

children may have difficulties in understanding the verbal cues on the RPE scale and 

the accompanying instruction. The numbers (6 - 20) are also unfamiliar, with not all 

numbers having verbal cues, which may lead to further confusion. By accepting that 

the RPE scale has face validity with regards to the verbal expressions used, and 

criterion validity with regards to the relationship between RPE and objective measures 

of physiological strain, a basis is formed from which alternative scales for children 

can be devised and their use assessed. 

Despite Nystad's (1989) attempt to improve the relatively incomprehensible 

nature of the 6-20 Scale, children were still confused by the scale. It was reported that 

the children lacked physical experience and awareness of a range of different exercise 

intensities, and therefore could not understand the concept of perceived exertion 

(Nystad et al., 1989). A suitable effort-rating system for children could act as a 

regulatory catalyst in learning to interpret the feelings associated with vigorous 

exercise of all types. Mutrie and colleagues at the University of Glasgow (Eston and 

Lamb, 2000), adopted a similar idea to Nystad's earlier attempt in order to try and 
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enhance children's comprehension of the RPE scale (Figure 9). Original verbal cues 

used by Borg (1970) were retained, and phrases indigenous to the Glasgow area were 

also adopted! At present there are no validity and reliability data on this scale. 

6 whistle 

7 Very, very light A DODD LE 

s 

9 Very light ASKOOSH 

10 

11 Fairly light 

_Z sing 

NAE BOTHER - Jt: . 
12 

13 Somewhat hard PECHIN 

14 

1:5- ifard WABBIT 

16 

17 Very b:trd PUGGELED 

18 

°'A blk 

19 Very, very hnrd KNACKERED 

20 

Figure 9: University of Glasgow vernacular RPE Scale (Source: Eston & Lamb, 2000) 

A significant development in the study of children's perceptions of exercise 

effort occurred in 1993 when, as a result of these concerns, Williams et al. devised an 

exercise intensity scale specifically with children in mind. A project entitled 

'Exercise: How it makes you feel' was introduced to 257 children in two schools in 

the Merseyside area of England through classroom teachers working with a small 

team of researchers. The children exercised in the playground mainly by running, 

walking and skipping (jumping rope) at different speeds and time periods. Shortly 

after participating in these activities, they wrote about the exercise and were 

encouraged to draw pictures depicting their efforts. They also discussed how the 

activity felt with their teachers and members of the research team. On the basis of the 

information provided by the children, the Children's Effort Rating Table (CERT) was 
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devised as a conceptual model, adopting words and expressions that the children had 

used. 

The Children's Effort Rating Table has familiar numbers (1 - 10), with 

familiar language to children accompanying each number (Figure 10). In this respect, 

it has 5 fewer possible responses and a range of numbers which are more familiar to 

children than '6 to 20'. The verbal expressions not only accompany all 10 numbers 

but also represent words chosen and understood by children as descriptors of exercise 

effort. The numerical range of the CERT (1 to 10) reflects a conceptual model in 

which perceived effort and HR in the range 100 to 200 beats/ minute are assumed to 

be linearly related as; HR= 110 + 12X, where Xis the CERT value reported at any 

one time (Williams et al., 1994). 

1 Very, very easy 

2 Very easy 

3 Easy 

4 Just feeling a strain 

5 Starting to get bard 

6 Getting quite hard 

7 Hard 

8 Very hard 

9 Very, very bard 

10 So bard I'm going to stop 

Figure 10: The Children's Effort Rating Table (CERn (Source: Williams et al., 1994) 

The first data involving the CERT emerged from an exploratory study with 

children aged 4 to 9 years (Williams et al., 1993). Four groups (n = 28 each) of 
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children (Kindergarten: aged 4-5 years; Grade 1 : 6-7 years; Grade 2: 7-8 years; and 

Grade 3: 8-9 years) completed an incremental stepping exercise protocol with 

increased backpack loadings corresponding to 0, 5, 10 and 20% of individual body 

mass. 

Perceived exertion was rated using the CERT and heart rate recorded via HR 

monitors during the final 15s of each exercise bout. The correlation of the CERT 

exertion level: heart rate relationship by grade was reported as Kindergarten, r = 0.73; 

Grade 1, r = 0.95; Grade 2, r = 0.99; and Grade 3, r = 0.99 (all values p<0.01). 

Predicted individual heart rate values were calculated for CERT level 5 (starting to 

get hard) and 7 (hard), and then children aged 6-9 years (Grades 1-3) attempted to 

produce these exertion levels by adjustment of backpack loadings whilst stepping. 

The authors reported no significant association between predicted and observed heart 

rate. It was reported that when providing ratings, most of these children used only 

three levels of the table, namely, 'easy' (3), 'hard' (7), and 'very hard' (8). 

Apparently, the behaviour of these younger participants was linked to their phase of 

cognitive development. It was concluded that from around age 6 years, children were 

able to translate bodily sensations in a meaningful manner relative to the 

developmentally appropriate CERT, thus confirming the criterion validity of the scale. 

However, the children were generally unable to regulate their efforts accurately during 

the incremental stepping task. It was suggested that this might have been because the 

children had limited experience of working at varied exercise intensities. 

The Kindergarten age group were more variable in their ratings of exercise 

effort. It would appear that very young children might be unable to match the full 

perceptual response range with a corresponding exercise stimulus during incremental 

stepping ergometry (Williams et al., 1993). Further research into how experiences of 
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various types of exercise affect the nature of this cognitive development was 

recommended (Williams et al., 1993). 

A year later, Eston et al. (1994) explored the validity of the CERT using a 

psychophysiological estimation / production paradigm. Sixteen children (aged 9.9 

years ± 1.2) completed a continuous incremental exercise test on a mechanically 

braked cycle ergometer. The test commenced at 25W for 4-minutes and increased 

thereafter by 25W (or !OW for the youngest children) after every 4-minutes. At the 

end of each successive exercise stage the children estimated their exercise effort using 

the CERT, and heart rate was recorded. A CERT value of 9 or 10 indicated test 

termination. Linear regression analyses yielded the predictive ability of CERT as; HR 

= 127.7 + 6.6 (CERT); SE= 18.3 bpm, and PO= 26.7 + 6.8 (CERT); SE= 19.7 W. 

In a subsequent cycle ergometer test, power output was self-selected to 

produce exercise effort equivalent to CERT levels 5, 7 and 9 (randomly ordered for 

each child). This production protocol was repeated in order to estimate test-retest 

reliability. Scale validation criteria were heart rate and power output responses during 

the production trial. _Intraclass correlations of R = 0.91-0.95 for power output and R = 

0.65-0.86 for heart rate between production protocol test-retest suggested that the 

CERT provided a reliable estimate of exercise intensity in children. During the cycle 

production protocol, the power output equivalent to CERT values of 5, 7 and 9 

correlated significantly with the power output determined at the same CERT 

categories during the estimation protocol i.e., r = 0.84, 0.87 and 0.91 respectively, 

(p<0.01). Heart rate correlations between the estimation and production protocols 

yielded validity coefficients of r = 0.65, 0.78 and 0.79 (p<0.01) for CERT categories 

5, 7 and 9, respectively. Although an explanation was not readily available, both 

power output and heart rate at CERT categories 5, 7 and 9 were 13-18% (p<0.01) 
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lower in the production protocol than in the estimation protocol. Nevertheless, the 

results provided preliminary evidence that the CERT was a useful indicator of 

physiological effort during cycle ergometry (Eston et al., 1994). They concluded that 

children aged 8 to 11 years were not only successful in perceiving tester-applied 

changes in their exercise efforts, but could also reliably regulate such effort by 

applying their comprehension of the CERT. 

In a further follow-up validation study, Lamb (1995) examined the use of the 

CERT with 70 primary school children (aged 9.6 years ± 0.28). In this validation 

study, CERT category responses during a continuous incremental estimation cycle 

ergometry protocol correlated strongly (p<0.001) with both heart rate (r = 0.96) and 

power output (r = 0.97) for the mixed gender sample. In addition, correlations for 

CERT were consistently higher than for RPE. The results highlight that the traditional 

RPE Scale is not the best option for monitoring perceived exertion during controlled 

exercise with children (Lamb, 1995), and that the CERT is a useful alternative. 

In 1997, Lamb and Eston highlighted the importance of employing consistent 

methodologies. Their concerns over the practice of comparing exercise intensities 

produced at particular perceived effort levels during discontinuous, randomised 

protocols with those estimated from continuous, incremental protocols are justified. It 

has since been recommended that ratings of perceived exertion studies involving 

children should only focus on examining how subjects perform during production 

trials (Lamb and Eston, 1997). The responses obtained during estimation trials are 

considered less important. 
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There has been continuing research into the development of children's 

perceived exertion. This research has lead to further refinement and development of 

existing effort rating scales such as the CERT, to facilitate children's understanding 

and interpretation of exercise effort. This was the case when Yelling and Swaine 

(2000) developed a pictorial version; the Pictorial Children's Effort Rating Table 

(PCERT) (Figure 11). 

Figure 11: The Pictorial Children's Effort Rating Table (PCERT) 
(Source: Yelling & Swaine, 2000) 

Yelling, Swaine and colleagues (In Press) conducted an initial validation 

study using a stepping ergometry protocol. A mixed sample of 104 children (2 age 

cohorts of boys/ girls, aged 11-12 and 14-15 years) completed a 5 x 3-minute single 

estimation trial (incremental and discontinuous) at 5 levels of the PCERT. Heart rate 

and ratings of perceived exertion were recorded during the final 15s of each exercise 

bout. Seven to ten days later the children completed a single 4 x 4-minute production 

trial (random and discontinuous) at PCERT 3, 5, 7 and 9. For the estimation trial HR 

vs. PCERT rating was; r = 0.72 (11-12 year olds) and 0.78 (14-15 year olds), 

respectively. The main effects of exercise intensity on perceived exertion and heart 

rate were significant (p<0.01). Perceived exertion increased as exercise intensity 

increased and this was reflected in simultaneous increases in heart rate. For the 
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production protocol, heart rate and power output produced at each of the four 

prescribed effort levels were significantly different (p<0.01). These findings suggest 

that children's perceptions of effort using the PCERT represent valid reflections of the 

changing physiological demands of the exercise tasks presented. In addition, the 

children experienced some success in using the PCERT to regulate their exercise 

efforts to match four prescribed effort levels. Further research is required in order to 

determine whether this pictorial version of the CERT is indeed superior to the non­

pictorial version developed in 1993 by Williams and colleagues. 

Development of the child-specific Children's Effort Rating Table (CERT) has 

advanced research in children's effort perception, and the concept has received 

positive comment and interest (Robertson and Noble, 1997; Borg 1998). Prior to the 

appearance of the CERT, the RPE Scale, despite constant criticism with regards to its 

cognitive limitations, had still been employed with paediatric populations. Since the 

emergence of the CERT the scope for further research is now broader than ever 

before. Whilst further research will reveal whether the CERT is actually superior to 

the RPE Scale, it was at least devised with children in mind (Lamb and Eston, 1997). 

If research shows the CERT to be superior to the traditional RPE scale for use with 

children (perhaps above a minimum age) the challenge of incorporating it into 

physical education classes may be possible (Eston et al., 1994). 

The CERT requires the child to interpret words and numbers alone, and prior 

to the development of the PCERT, researchers were already exploring how pictures 

could be incorporated into paediatric versions of effort perception scales in order to 

depict categories of exercise effort. Lowry (1995) developed a pictorial scale to 

assess perceived exertion in school children (Figure 12). 
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This four-point scale (below) used images of a heart exercising on a cycle in 

progressively increasing stages of exertion. The hearts were also coloured varying 

shades of red, as appropriate for each exertion level. 

--~--·· 1 

__ ,. .. 2 

----i .. • · 3 

Figure 12: Exercising Heart RPE Scale (Source: Lowry, 1995) 

In a pilot study to investigate the validity of the Exercising Heart RPE Scale, 

20 boys and girls ( aged 9 to 11 years) completed a discontinuous cycling protocol. 

The correlation coefficients (Spearman) between effort ratings and heart rates (0.62; 

p<0.01) and power output (0.67; p<0.01) suggest that this scale, with its limited 

selection of exertion categories might be worthy of future investigation. 
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Two years later, Robertson and Noble (1997) developed the OMNI Scale of 

Perceived Exertion for children (Figure 13). The scale was developed with the 

children's definition of perceived exertion in mind:- How tired does my body feel 

during exercise? The advantages of the OMNI Scale of Perceived Exertion were 

described by Robertson (1997); i) OMNI requires minimum scaling expertise on the 

part of either the tester or participant. ii) its responses are generalisable to 

developmentally, clinically and culturally different groups of children or adolescents. 

iii) it is simple to administer in diagnostic, competitive, recreational and structured 

learning settings. iv) it employs pictorially interfaced cognitive anchoring procedures, 

eliminating the need for mode-specific maximal exercise tests to establish agreement 

between stimulus and response ranges. 

0 
not tired 

at all 

a little 
tired 

tired 

really 
tired 

Figure 13: OMNI Scale of Perceived Exertion (Source: Robertson & Noble, 1997) 

In 1999, Robertson and colleagues conducted an initial validation study of the 

OMNI Scale. A mixed sample of eighty 8-12 year olds ( 4 cohorts of clinically 

normal, boys/girls, white/African-American), completed a single estunation trial 

(incremental and continuous) on a cycle ergometer at 25, 50, 75 and 100W. Pedalling 

rate was maintained at 50 rpm. An undifferentiated OMNI rating was estimated for 
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the overall body and differentiated ratings were estimated for the chest and the legs. 

Oxygen uptake, heart rate and OMNI ratings were determined at the end of each 3-

minute stage. 

For undifferentiated OMNI ratings, correlation coefficients revealed that for 

all 4 cohorts r >0.92 (V02 vs. OMNI ratings) and r >0.92 (HR vs. OMNI ratings). For 

differentiated OMNI ratings correlation coefficients revealed that for all 4 cohorts r > 

0.85 (V02 vs. OMNI ratings) and r > 0.97 (HR vs. OMNI ratings). Regression 

analyses indicated that within each of the four gender / race sample cohorts, 

undifferentiated and differentiated OMNI ratings distributed as a positive linear 

function of both V02 and HR. Validity evidence for perceived exertion responses 

were also obtained using a two-factor (RPE x PO) ANOVA to determine differences 

between undifferentiated and differentiated OMNI ratings. Significant main and 

interaction effects were probed with a Tu.key post hoc analysis. Results revealed that 

OMNI ratings for the legs were higher (p<0.01) than OMNI ratings for the chest and 

overall at the 25, 50, 75 and lOOW power output levels. OMNI ratings for the chest 

did not differ from overall OMNI ratings at 25W and SOW, but were lower (p<0.01) 

than the overall OMNI ratings at 75W and lOOW. 

The data provided preliminary evidence that the OMNI scale was a useful 

indicator of physiological effort during cycle ergometry with children aged 8-12 years. 

Nevertheless, since the pictorial format of the OMNI scale shows a young person 

cycling, it is not yet known whether it can be used to assess children's effort 

perception in other dynamic modes of exercise such as running, swimming, stepping 

or climbing. The question of scale generalisability could be explored in future 

validation experiments (Robertson et al., 1999). In 2000, Robertson and colleagues 

further developed the OMNI Scale for use by children during walking / treadmill 
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exercise (Figure 14). The pictorial descriptors on the OMNI-walk/ run Scale were 

modified to represent a child at various levels of exertion, walking / running up an 

incline. 

.o 
not tlRd 

at all 

a little 
t1Hd 

Figure 14: Children's OMNI Scale of Perceived Exertion for Walking/ Running 
(Source: Robertson et al., 2000) 

The validity of the above scale was examined during incremental treadmill 

exercise using a single estimation protocol (Utter et al., 2002). Sixty-three healthy 

male and female children aged 6-13 years completed a walking / running graded 

exercise test until V02 max had been achieved. RPE and heart rate measurements 

were recorded every minute throughout the test. Children were required to provide an 

undifferentiated RPE rating for the overall body. Significant pearson correlations 

were reported between OMNI-walk/ run Scale responses and V02, %V02max, HR, 

VEN02 ratio and respiratory rate throughout the maximal treadmill exercise test. 

The strongest correlations were reported between OMNI ratings and %V02max (r = 

0.41-0.60, p<0.001) and HR (r = 0.26-0.52, p<0.01). These results provide 

preliminary evidence that the children's OMNI-walk/ run Scale is a useful indicator of 

children's physiological responses during walking and running tasks. Further research 

107 



would need to be conducted in order to assess the reliability of such a scale and to 

determine if there is significant benefit of using the OMNI-walk /run Scale in exercise 

tasks as opposed to Robertson and Noble's (1997) original OMNI Scale. 

The overall psychophysical structure of the OMNI Scale has been debated by 

Eston and Lamb (1999, 2000) who suggest that it would perhaps be more ecologically 

valid if a pictorial version of a perceived exertion scale for children contained a 

gradient that was curvilinear in nature and not linear, given that ventilation rises in a 

curvilinear fashion with equal increments in work rate. A child could recognise from 

previous learning and experience that the steeper the 'hill' , the harder it is to ascend, 

which may also be useful in the process of 'anchoring'. In 2000, Eston and Lamb 

presented a perceived exertion scale that was readily assimilated by children on the 

basis of their own experiences and stages of cognitive development. The Cart and 

Load Effort Rating Scale (CALER) for regulating exercise intensity in children 

depicted a child cycling at various stages of exertion, towing a cart whose load 

progressively increased (Figure 15). Words were selected from the CERT to 

accompany some of the categories of exercise effort. 

2 3 4 5 6 7 8 9 IO 

Sohmdl'm 
goqto~ 

Figure 15: Cart and Load Effort Rating Scale (CALER) 
(Source: Eston and Lamb, 2000) 

108 



An initial pilot study conducted in 1999 assessed the reliability of the CALER 

Scale to regulate exercise intensity production with practice, without reference to 

objective feedback measures (Eston et al., 1999). After warm-up and perceptual 

anchoring of the scale, 10 boys and 10 girls aged 7 - 10 years (8.15 years ± 0.87) 

performed a 3 x 3-minute intermittent, incremental, effort production protocol at 

CALER 2, 5 and 8 on a Monark 814E cycle ergometer. Power output was measured 

in the last 15s and each exercise bout was separated by a 2.5-minute rest period. This 

protocol was repeated on three occasions with at least one week between trials. 

An increase in power output across trials (43, 65 and 80W) at CALER 2, 5 

and 8, respectively, confirmed that the children understood the scale and provided 

concurrent validity for it. A Bland and Altman limits of agreement (LoA) analysis 

and an Intraclass Correlation Coefficient (ICC) between trials indicated that reliability 

improved with practice for both groups, particularly for boys. This demonstrated that 

children had learned how to self-regulate exercise intensity. Inter-trial comparisons of 

overall reliability from trial 1 to trial 2 and from trial 3 to trial 4 ranged from 0.76 to 

0.97 and overall bias± 95% LoA improved from -12 ± 19W to O ± lOW. This data 

provided preliminary evidence that the CALER scale is potentially a valid and reliable 

tool for regulating exercise intensity during intermittent, incremental cycle ergometry 

with young children aged 7 - 10 years (Eston et al., 1999). This study was the first to 

apply more than two repeated effort production trials in young children and provided 

strong evidence that practice improved the reliability of children's ratings of exercise 

effort. 

There is extensive literature on exercise-related effort perception with adults. 

However, further exploration on exercise-related effort perception with children may 
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now be conducted due to the development of child-specific effort rating scales. Of 

particular interest, is the application and use of such scales within a physical education 

environment. A child may associate the terms 'physical activity' or 'exercise' with 

personal experiences that encompass exertion, competition, play, and social 

interaction or skill development. Children's perspectives will undergo change and 

refinement as a result of personal experiences and maturation. 

12. Child-Specific Effort Rating Scales: Methodological Considerations 

12a. Anchoring Effort Perception 

Whatever scale is used, it 1s important to provide children with an 

understanding of the range of sensations that correspond with categories of exercise 

effort on the scale. This is known as 'anchoring' (Eston and Lamb, 2000). This may 

be partially achieved by reference to previous experience (memory), but it can also be 

achieved through directed experience. In this way, the child is asked to produce a 

range of intensities, which can be used to set the perceptual anchor points at 'low' and 

' high' levels. This can be achieved during test habituation. After an appropriate 

warm-up at an 'easy' level, the child should be allowed to experience exercise which 

is perceived as being 'hard' or 'very hard'. To avoid fatigue, a rest period should be 

given so the child can make a full recovery between anchoring points. 

It is also important to standardise the instructions before using a perceived 

exertion scale. It is good practice prior to commencement of data collection with 

paediatric subjects, to issue copies of the scale to be used to participants, together with 

the scale instructions. For example, in studies by Eston et al., (1994); Lamb, (1995; 

1996); and Lamb et al., (1997), copies were issued several days before data collection 

commenced. 
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Anchoring effort perception is now accepted as an important and integral part 

of test design and methodology. It should be recognised that the way in which the 

anchoring process is administered is also important. Researchers, for ease of 

administration, have typically anchored scales with children in a group situation. This 

may give rise to potential problems that could occur with peer assessment. In 

addition, when designing test methodology, researchers should consider the 

convincing evidence provided by Eston et al. (1999; 2000) that the reliability ofrating 

of perceived exertion to gauge exercise intensity is enhanced by the number of 

practice periods. The way in which a subject practices is important. Research 

suggests this could be influenced by role, for example self-presentation (Hardy et al., 

1986; Boutcher et al., 1988). 

12b. Estimation and Production of Effort 

Estimation and production protocols have been previously described by 

Williams and Eston (1996), see Section 10d. An ' estimation protocol' uses the RPE 

as the dependent variable, whereby the individual gives a subjective estimation of 

intensity of effort. In this way the rating of perceived exertion is provided in response 

to a given work rate or exercise intensity and may be considered as a 'passive' 

process. It may also be in response to a given heart rate, lactate concentration or 

speed. The subjective estimates may then be compared against measures of exercise 

intensity on a subsequent occasion. In a 'production protocol' ratings of perceived 

exertion may be manipulated as the independent variable to regulate exercise intensity 

(Eston and Thompson, 1997). In this way, the individual produces an objective 

measure of exercise intensity according to a pre-determined exertion level. This may 

be considered an 'active process' (Eston and Lamb, 2000). 
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The majority of research has focused on children's perceptions of effort 

during a passive estimation process. The effort perceptions have then been compared 

against objective measures of physiological strain, such as heart rate, power output or 

oxygen uptake. Most studies of rating of perceived exertion have employed a 

continuous testing protocol (Table 3) in preference to an intermittent testing protocol 

(Table 4). Fewer studies have applied effort production procedures in which children 

have been asked to regulate their exercise output to match experimenter-prescribed 

effort ratings. Such studies have included continuous and intermittent exercise 

protocols and are summarised in Table 5. 
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TABLE 3 

Exercise intensity estimation using ratings of perceived exertion: 
Continuous exercise protocols and validation analyses with children 

STUDY 
Bar-Or ( 1977) 

Davies et al. 
(1980) 

Bar-Or & Reed 
(1986) 

Eston & Williams 
(1986) 

Miyashita et al. 
(1986) 

Ward et al. ( 1986) 

Nystad et al. 
(1989) 

Gillach et al. 
(1989) 

Alekseev ( 1989) 

Ward & Bar-Or 
(1990) 

Ward et al. (1991) 

Eakin et al. ( 1992) 

Mahon & Marsh 
(1992) 

Stratton & 
Armstrong ( 1994) 

AGE (y) 
7-17 

12-18 

9-19 

15-17 

7-18 

14-17 

10-12 

10-14 

10-14 

9-15 

8-14 

10-17 

8-12 

12-13 

PROTOCOL 
Cycle, incremental; 3 min. 
bouts: 50-200W (depending on 
age) 
Cycle, constant load; 60 min at 
62% V02 max (RPE reported 
every 10 min). 
Cycle or arm cranking, 
incremental; 3 to 6 x 2 min. 
bouts until cadence <50 rpm. 

Cycle, random, 3 to 4 min 
bouts; 30, 60 and 90% of 
predicted PO max. 

Cycle, 3 to 5 x 4 min. bouts 
(further details not specified). 
Cycle, incremental 

(unspecified) to VE.
2 

Physical education lesson, 
10 x l hour lessons. 
Cycle, incremental; 25W / 2 
min. to 85% predicted HR 
max. 
Cycle, incremental 
(unspecified) to VE. 

Cycle, incremental & random; 
bouts of 20, 40, 60 & 80% 
peak aerobic power every 2 
min. 
Cycle, incremental; 25W / 2 
min. to VE. 
Treadmill, incremental; 
variable speed, 3-min. stages, 
2% slope increase / min. (from 
10%) to VE. 
Treadmill, incremental; fixed 
speed, 2% slope increase/min. 
to V02 max. 
Physical education lesson 
(handball) 
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VALIDITY 
RPE vs. HR; r = 0.76-0.88 

Not addressed 

RPE vs. HR (arms); r = 
0.58-0.81 
RPE vs. HR (legs); r = 
0.69-0.82 
RPE vs. %PP (arms);r = 
0.74-0.92 

I 
RPE vs. %PP (legs); r = 
0.72-0.86 
RPE vs. HR; r = 0.74, 
p<0.01 
RPE vs. PO; r = 0.78, 
p<0.01 
RPE vs. % HR max; 
r = 0.55-0.94, p<O.O l 
RPE VS. %PP; 
r = 0.84-0.86 (boys) 
r = 0. 79-0.83 (girls) 
RPE vs. HR; r = 0.05 

RPE vs. HR; r = 0.64-0.65, 
p<0.01 

RPE vs. HR; r = 0.84, 
p<0.01 
RPE vs. HR max; r = 0.87, 
p<0.01 

Not addressed. 

Not addressed. 
RPE vs. HR; r = 0.83-0.87, 
p<0.01 
RPE vs. V02; r = 0.84-0.85, 
p<0.01 

Not addressed. 

3 RPEM vs. HR; r = 0.23, 
p>0.05 
4 RPEH vs. HR; r = 0.10, 
p>0.05 
5 

RPEH vs. HR max; r = 
0.11, >0.05 



TABLE 3 (continued). 

Exercise intensity estimation using ratings of perceived exertion: 
Continuous exercise protocols and validation analyses with children 

STUDY AGE (y) PROTOCOL VALIDITY 

Williams et al. 4-9 Stepping ergometry, 
6 CERT vs. HR; r = 0.73-

( 1994) incremental; 4 x 2-min. bouts 0.99, p<0.01 

with loadings of 0, 5, 10 & 20% 

Eston et al. ( 1994) 8-11 
body mass. 
Cycle, incremental, 25W / 4 min. CERT vs. HR; r = 0.76, 
to CERT rating 9 or 10. p<0.01 

CERT vs. PO; r = 0. 75, 
p<0.01 

Mahon & Ray 9-11 Treadmill, incremental; fixed 

(1995) speed, 2% slope increase/min. to Not addressed. 

VE. 
Ward et al. ( 1995) 11-30 Arm ergometry, incremental; 3 to 

6 x 2 min loadings (unspecified) Not addressed. 

to VE 
Lamb (1995) 9-10 Cycle, incremental; 25W / 4 min. CERT vs. HR; r = 0.69-

to CERT ~ 9, or RPE ~ 18. 0.79, p<0.01. 
RPE vs. HR; r = 0.45-0.79, 
p<0.01 
CERT vs. PO; r = 0.75-
0.84, p<O.O I 
RPE vs. PO ; r = 0.53-0.83, 
p<O.O l 

Duncan et al. 9-11 Cycle, incremental; !OW/min. to RPE vs. HR; mean r = 0.98 

( 1996) VE. 
Treadmill, incremental; 3mph, RPE vs. HR; mean r = 0.98 
2.5% slope increase/min. to VE. 

Robertson et al. 8-12 Cycle, incremental; 3 min. at 25, RPE-Overall body, RPE-

(1999) 50, 75 and l OOW. Pedal rate of Legs and RPE-Chest 

50 rpm. distributed as a positive 
linear function of both V02 

and HR; r = 0.85 to 0.94; 
p<0.01. 

Utter et al. (2002) 6-1 3 Treadmill, incremental; 13.4 7 OMNI vs. % V02 max (r = 
rn/min increase every 2 min until 0.41-0.60, p<0.00 I) 
speed of 147.4 m/min attained. OMNI vs. HR (r = 0.26-
Then 3.0% slope increase / min 0.52, p<0.01) 
to V02max. 

Key: 
1 PP= Peak Power (W). 
2 VE= Volitional exhaustion. 
3 Relationship between lesson time spent at 140 bpm and RPEM (how the overall 
intensity of the lesson was perceived). 
4 Relationship between lesson time spent at 160 bpm and RPEH (RPE score for when they 
perceived they were working their hardest during the P.E. lesson). 
5 Relationship between the RPEH and maximum heart rates of individual children. 
6 Protocol unclear, assumed continuous. 
7 OMNI-walk / run Scale 
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TABLE 4 

Exercise intensity estimation using ratings of perceived exertion: 
Intermittent exercise protocols and validation analyses with children 

STUDY AGE (y) PROTOCOL VALIDITY 

Kahle et al. (1977) 7-11 Cycle, incremental; 5 x min Not addressed 
bouts at 25, 50, 75, 100 and 
125% of PWC170 , interspersed 
with 1.5-min rests 

Van Huss et al. 8-15 Treadmill, incremental; 3 min RPE vs. HR; linear (girls) 
( 1986) bouts separated by 3-min rest: RPE vs. V02: linear (boys 

6mph at 0% & 5% grade, then and girls) 
increasing I mph and 1 % grade 
until VE 

Ueda & Kurokawa 10-12 Swim, tethered, incremental; 1kg RPE vs. % V02max ; 
( 1991 ) I 5 min (separated by 10-20 min r = 0.816 - 0.997 (for 

rest) individual subjects) 
Meyer et al. (1995) 9-12 Cycle, incremental; 3 x 15 min at Not addressed 

50% V02 max, then at 90% to 
VE (separated by 10 min rest) 

Tolfrey & Mitchell 11 -14 Treadmill, incremental; Not addressed 
(1996) 3 min stages (unspecified) to VE 

Yelling & Swaine 11 -15 Stepping ergometry, incremental; HR vs. PCERT rating; 
(In Press) 5 x 3-minute at 5 levels of r = 0.72 (1 l- l2y olds) and 

PCERT (separated by 2- minute r = 0.78 (l4-15y olds) 
rest period) 
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TABLE 5 

Exercise intensity production using ratings of perceived exertion: 
Exercise protocols and validation analyses with children 

STUDY 

Williams et al. 
( 1991) 

Williams et al. 
( 1994) 

Eston et al. 
(1994) 

Lamb et al. 
(1997) 

Ward & Bar-Or 
(1990) 

Ward et al. 
(1991) 

Ward et al. 
(1995) 

AGE 
(y) 

11-14 

4-9 

8-11 

9-11 

9-15 

8-14 

11-30 

PROTOCOL 

Continuous Protocols 

Cycle, incremental; 4 
min. at RPE 9, 13 and 17. 
Stepping ergometry, 
random; 1 min. at CERT 
5 and 7 
Cycle, random; 4 min. at 
CERT 5, 7 and 9 

Cycle, random; 3 min. at 
CERT 3, 5, 7 and 9 

Intermittent Protocols 

Cycle, random; 4 min. at 
RPE 7, 10, 13 and 16, 
separated by > 3-min. rest. 

VALIDITY 

Significant effect of RPE level on 
HR(p<0.0 1) 
Non-significant correlation 
between HR pred. and HR obs. 
(p>0.05) 
HR pred. vs. HR obs; r = 0.65-
0.79, p<0.01. 
PO pred. vs. PO obs; r = 0.84-0.91 , 
p<O.O I. 
HR vs. CERT; r = 0.36-0.50 
(p<0.01). 
PO vs. CERT; r = 0.74-0.76 
(p<0.01). 

HR significantly higher (p<0.05) at 
each RPE level; 
(RPE16>RPE13>RPE10>RPE7). 

Track walk / run, random; HR at RPE 7 lower (p<0.05) than 
I x 400m lap at RPE 7, at other RPE levels. 
10, 13 and 16, separated 
by >3-min rest. 

Protocol as above. 

Track (subjects were 
wheelchair bound), 
random; I x 400m lap at 
RPE 10, 13, and 16, 
separated by rest until HR 
< 100 bpm. 
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Cycle: %PP higher (p<0.05) at 
each RPE level; 
(RPE l 6>RPE l 3>RPE I O>RPE7). 

Track: %PP at RPE7 lower 
(p<0.05) than at other RPE levels. 
HR higher (p<0.01) at each RPE 
level; 
(RPE 16>RPE l 3>RPE I O>RPE7). 
Wheeling speeds higher (p<0.05) at 
each RPE level; 
(RPE l 6>RPE l 3>RPE I O>RPE7). 



Table 5 (continued): Exercise Intensity Production using ratings of exercise: 
Intermittent exercise protocols and validation analyses with children 

STUDY 

Lamb (1996) 

Lamb et al. ( 1997) 

Eston et al. (2000) 

Buckley et al. 
(2000) 

Yelling & Swaine 
(In Press) 

AGE (y) 

9-11 

9-11 

7-10 

14-32 

11-15 

8= Braille RPE Scale 

PROTOCOL 

Intermittent Protocols 

Cycle, random; 4 min. at RPE 
8, 12, 15 and 18 or at CERT 3, 
5, 7 and 9, separated by 2-min. 
rest. 

Cycle, random; 3-min at 
CERT 3, 5, 7 and 9, separated 
by 3-min rest period. 

Incremental cycle ergometry. 
3-min warm-up at 25W. 3-
min. at CALER 2, 5 and 8, 
separated by 2.5-min. rest 
period. 

Cycle, random; 3-min. at RPE 
9, 11 and 13, (between 50-80 
rpm), separated by l O min. rest 

. d 8 per10 . 

Stepping ergometry, 4 x 4-
minute bouts, random at 
PCERT levels 3, 5, 7 & 9, 
separated by 2-minute rest 
period. 
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VALIDITY 

CERT: HR higher 
(p<0.05) at 3 CERT levels 
(CERT 7 > CERT 5 > 
CERT 3). 
PO higher (p<0.05) at 
each CERT level. 
HR vs. CERT; r=0.37-
0.61, p<O.O L. 
PO vs. CERT ; r = 0.59-
0. 75, p<0.01. 
RPE: HR higher (p<0.05) 
at 3 RPE levels (RPE 15> 
RPE 12> RPE 8). 
PO higher (p<0.05) at 
each RPE level. 
HR vs. RPE; r = 0.47-
0.73, p<0.01. 
PO vs. RPE; r = 0.57-0.78, 
p<0.01. 
HR vs. CERT; r = 0.62-
0.69, (p<0.01). 
PO vs. CERT ; r = 0.68-
0.85, (p<O.O I). 
CERT : HR higher 
(p<0.05) at 4 CERT levels 
(CERT 9> CERT 7 > 
CERT 5 > CERT 3). 
Increase in PO across trials 
( 44, 65 and 79W at 
CALER 2, 5 and 8, 
respectively) (p<0.0 I). 
Increase in HR (p<0.01) 
(144, 165.3, 182.8 bpmat 
CALER 2, 5 and 8, 
respectively). 
Significantly different 
(p<0.001) %V02 max at 
RPE levels 9, 11 and 13 
(47%, 53% and 63%, 
respectively). 
Significantly different% 
HR max at RPE levels 9, 
11 and 13 (p<0.001). 
For HR, significant main 
effect for Levels 
(p<0.001 ). For approx. 
PO, significant main effect 
for levels (p<0.001). 



12c. Validity of Effort Perception in Children 

Where perceptions of exercise effort during production mode have been 

validated, researchers have compared the objective indicators with expected values 

calculated via regression analysis of an individual's data from a previous estimation 

trial. Values of heart rate, power output or oxygen consumption corresponding to each 

number on the effort perception scale have then been predicted and compared to 

values achieved in the production trial. The comparisons have then been quantified 

either by analysis of variance or interclass correlation. This method of comparing the 

ability of children to use perceptions of exercise effort to actively self-regulate 

exercise intensity levels using pre-determined RPEs to their ability to passively 

estimate exercise intensity from a previous test has been criticised (Eston and Lamb, 

2000a). For example, in the first full paper published on this theme (Ward and Bar­

Or, 1990), it was reported that 9-15 year old obese children could distinguish between 

four work rates based on predetermined RPE values (7, 10, 13 and 16). However, it 

was reported that the children produced work rates that were significantly different to 

expected values. As noted earlier, a fundamental problem with this type of study is 

that these expected values were derived from a different perceptual process. Similar 

results have been reported in later studies (Ward et al., 1991; 1995). 

These observations have led Eston and Lamb (1997; 2000) to recommend 

that validity studies should focus on either production data only or estimation data 

only, and not confound the issue by comparing data derived from a passive perceptual 

process on one occasion with an active perceptual process on a subsequent occasion. 

Noble's (1982) argument that this involves two dissimilar psychophysical processes is 

highly pertinent. The issue is further confounded when data collected during a 

118 



passive, continuous estimation trial are compared to data from an active, intermittent 

production trial (Eston and Lamb, 2000a). 

12d. Reliability of Effort Perception 

The test-retest reliability of children's ratings of effort using the RPE and 

CERT during continuous incremental cycle ergometry have been reported by Lamb 

(1995). In his study, seventy school children aged 9-10 years were randomly assigned 

to an RPE group or CERT group. Both groups received two incremental exercise 

trials, seven days apart. Data analysis yielded significant (p<0.01) pearson 

correlations between perceived effort ratings and objective measures of exercise effort 

(PO and HR), the correlations for CERT were consistently higher than for RPE. 

Reported test-retest reliability (ICCs) for the RPE at work rates of 25, 50, 75 and 

lOOW were R = 0.70, 0.81, 0.86 and 0.90 respectively, and R = 0.14, 0.62, 0.84 and 

0.83 for the CERT. The intraclass correlations revealed that both scales were reliable, 

but that higher work rates appeared to be more reliable than lower work rates for both 

scales. 

It was concluded that by using either scale, children's effort perception 

represented valid reflections of actual (and changing) physiological effort, and that 

with this group of children the CERT appeared to be as valid as the RPE Scale (Lamb, 

1995). For some individuals, however, perceptions of effort were reported as weakly 

or inconsistently related to changing physiological demands. These comparisons were 

based on a single test-retest, which was unlikely to provide the period of practice 

necessary to allow adequate learning to occur, leading to inconsistent results. The 

observation that relationships between CERT and indices of objective effort were 

more stable between Trial 1 and Trial 2 (regardless of gender) than those for the RPE 
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suggest that the CERT is preferable to use where practice is not available (Lamb, 

1995). 

Two studies on adults have comprehensively addressed the issue of reliability 

of the RPE Scale by employing the Intraclass Correlation Coefficient (ICC) and bias± 

95% limits of agreement (LoA) analysis (Lamb et al., 1999; Buckley et al., 2000). 

Lamb et al. (1999) employed the 95% LoA to assess the reliability of Borg's 6-20 

RPE Scale during progressive treadmill exercise. Sixteen male athletes aged 23.6 ± 

5.1 years completed two identical incremental treadmill-running protocols over a 

period of two to five days. RPEs were recorded during the final 15s of each 3-minute 

stage until either an RPE of 17 or volitional exhaustion was reached. All participants 

successfully completed at least four stages in each trial, allowing reliability of RPE 

responses to be examined at each stage. The 95% LoA were found to widen as 

exercise intensity increased. For example, reliability results for stage two were 

reported as R = 0.80, and 95% LoA = 0.25 ± 2.53. This means that the trained male 

athletes could potentially differ in their RPE responses to exercise trials by as much as 

3 RPE units (value rounded up). By employing this statistical technique the results 

questioned the test-retest reliability of the RPE scale when used to monitor subjective 

estimates of exercise intensity in progressive (graded) exercise tests. 

In a later study (Buckley et al., 2000) the 95% LoA analysis was also 

employed and the study had two main aims. One aim was to assess the validity and 

reliability of producing and re-producing, (on two further occasions), a given exercise 

intensity during cycle ergometry using a Braille version of Borg's standard 6-20 RPE 

Scale. A second aim was to determine whether the exercise responses of blind 

participants, at a given produced RPE, were similar to those reported in recognised 

guidelines for sighted individuals. Ten healthy registered blind volunteer participants 
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(4 females, 6 males, aged 23.2 years± 9.0) performed an initial graded exercise cycle 

test to determine maximal HR and maximal V02. Three trials of three exercise bouts 

at RP Es 9, 11, and 13 were then performed in a random order on three separate days 

of the same week, with expired air and HR measured continuously. Each exercise 

bout was followed by a 10-minute rest period. 

The validity of the Braille RPE Scale, as a means of producing different 

exercise intensities, was assessed using a two-factor ANOVA, with repeated 

measures. Inter-trial reliability was assessed via intraclass correlation coefficients 

(ICC) and the bias ± 95% limits of agreement (95% LoA) procedure. It was reported 

that participants were able to differentiate between levels of exertion and that in every 

trial at RPE 13 all participants met the ACSM (1986; 1990) target of 50-85% V02 

max (the recommended range for developing cardiorespiratory fitness in adults). The 

ICC between the second and third trial for % HR max was statistically significant (P = 

.05) for all three RPEs. Similarly for% V02 max the ICC was significant for RPE 9 

and 11 but not 13. The 95% LoA decreased for both %HR max and% V02 max with 

each successive trial. This indicates that practice improved the reliability of results. 

The blind participants were successful in using the Braille RPE Scale to 

distinguish between three exercise intensity levels on a cycle ergometer. Furthermore, 

using %HR max as a judge of inter-trial reliability, participants were able to repeat 

similar exercise intensities after two trials at each of the three RPEs (9, 11, 13), 

indicating that practice with the scale improved the reliability of results. The same 

was true for RPE 9 and 11 when using % V02 max as a judge, but further trials were 

required for achieving similar reliability at RPE 13. The participants achieved similar 

HR and V02 responses to sighted individuals using the Braille version of Borg's 

standard 6-20 RPE Scale. 
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12e. Discontinuous vs. Continuous Protocols 

Studies that have allowed rest periods between exercise bouts (Table 4 and 5) 

and thereby reduced the influence of fatigue on perception of effort have mainly been 

incremental in nature. Only seven studies since 1990 (Ward and Bar-Or, 1990; Ward 

et al., 1991; Ward et al., 1995; Lamb, 1996; Lamb et al., 1997; Buckley et al., 2000; 

Yelling and Swaine, In Press) have randomised the order of presentation of 

workloads, without which a scale cannot be used unreservedly (Lamb and Eston, 

1997). A study conducted by Lamb et al. (1997) highlighted the problems with 

inconsistent test methodology. Sixty-six children aged 9-11 years were asked to 

regulate their exercise output to match experimenter-prescribed ratings of exercise 

effort. The children were randomly assigned to either a continuous protocol or a 

discontinuous protocol group. Both groups were required to regulate exercise 

intensity to match a range of four effort rating levels of CERT 3, 5, 7 and 9 

(randomised). The children were allowed 2-minutes to settle on an appropriate 

resistance, before cycling for a further I-minute at the chosen intensity. These 

intensities were recorded as power outputs (W). Heart rates were recorded after 2-

minutes and again at the end of the third minute. For children allocated to the 

discontinuous group, each exercise bout was separated by a 3-minute rest period. 

Results revealed that the discontinuous cycle ergometry protocol produced a 

consistently stronger relationship between CERT and HR levels (r = 0.66), suggesting 

that the 3-minute recovery periods may have assisted the children in their perception 

of exercise effort. The lower correlations between CERT and HR levels (r = 0.46) in 

the continuous protocol group may have reflected an inaccuracy of perception due to 

fatigue and/or error of judgement. It is of interest to note however, that mean heart 

rates for the continuous protocol (176.3 bpm) and discontinuous protocol (176.6 bpm) 
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groups were not significantly different at the hardest prescribed level (CERT 9), 

implying that nothing was gained by rest periods in the discontinuous protocol. An 

explanation for the Group x Time interaction in which the 2-minute heart rates were 

disproportionately lower in the discontinuous protocol group than the continuous 

group was not obvious. The simple main effect of Time on HR was attributed to the 

possible non-attainment of steady-state conditions after 2-minutes of exercise. It was 

not known whether steady state had been reached even after 3-minutes. 

The results suggest that children aged 9-11 years might be more able to use 

effort ratings to control exercise intensity when the exercise protocol is intermittent in 

nature, rather than continuous. The reliability and validity of effort ratings and 

physiological measures produced at specified ratings, may be affected by the test 

protocol (continuous or intermittent), the order of load presentation (incremental or 

random) and the timing of the data collection (Lamb et al., 1997). 

13. CONCLUSIONS 

Health-related exercise (HRE) is physical activity associated with enhanced 

health (Harris, 2000). Within the context of the National Curriculum for Physical 

Education, HRE relates to the contribution of physical education to health and its role 

within the curriculum. Delivery of this area includes the teaching of knowledge, 

understanding, physical competence and behavioural skills, and the creation of 

positive attitudes and confidence towards current and lifelong physical activity 

(Harris, 2000). 

A whole school approach towards the promotion and encouragement of a 

healthy, active lifestyle is recommended to ensure coherence and consistency for 

children (Harris, 2000). A 'Healthy School' aims to achieve healthy lifestyles for the 

entire school (students, staff, governors and parents) by developing supportive 
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environments that promote health (Harris, 2000). Whereas, an 'Active School' makes 

a commitment to physical activity levels of the entire school population, in a way that 

is likely to have a positive and sustained impact on physical activity habits even 

outside the physical education environment (Harris, 2000). The Active School will 

implement national curriculum guidelines for health-related exercise through a well 

planned, delivered and evaluated programme of study. 

The application of children's effort sense and its use for Physical Education 

teachers is an area of paediatric exercise science that merits further investigation. If it 

were found that children could only distinguish between two levels of exertion on a 

paediatric effort rating scale (for example, 'Easy' and 'Very Hard'), this would still be 

of use to physical educators. Effort sense could still be applied in lessons to increase 

children's awareness of exercise intensity in relation to various activities. This would 

allow children to achieve attainment targets of health-related exercise (HRE) in the 

national curriculum for physical education. Examples of attainment targets of HRE in 

the national curriculum for Physical Education at Key Stage 1 are that pupils should 

be taught to 'understand the changes that happen to their bodies as they exercise, to 

recognise the effects and to describe changes to their feelings (tired or more 

energetic)' (Harris, 2000). 

The aim of these studies of effort perception in children is to provide a valid 

and reliable tool which children might use as part of the Health-Related Exercise 

National Curriculum, to be made aware of how they feel when they exercise, and 

maybe to understand why they feel that way. If the external validity of child-specific 

effort rating scales can be determined within a physical education or games 

environment, then it could be possible to regulate or control children' s physical 

activity levels. Children' s perception of effort might then be used to guide the 
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intensity of exercise during structured activity classes, providing a theoretical concept 

of HRE to classes, and an awareness of the importance of physical activity in youth. 

Research results could be brought to the attention of teachers in physical education, 

sports coaches and health specialists involved in the active promotion of health­

related exercise within the national curriculum. 

Rationale 

To address many of the research questions relating to physical activity and 

health, it is essential to have a valid measure of the intensity of physical activity. The 

rationale for this research was the introduction of a newly developed child-specific 

effort rating scale for assessing effort perception in stepping protocols and across a 

range of ambulatory movements in physical education circuit training classes; the Bug 

and Bag Effort (BABE) Scale. 

The purpose of the first study was to examine the validity and reliability of 

the BABE Scale as a measure of exercise intensity for children. This study also 

investigated if pictorial representation (use of CALER and BABE) helped to improve 

reliability of effort perception over trials, as compared to the more categorised use of 

the CERT. Bar-Or and Ward (1989) suggested that young children might improve 

their ratings of exercise effort if a scale were constructed for them that instead of 

numbers had pictures or colours, an idea that was adopted in the development of the 

BABE Scale. 

The second study was designed to address a potential limitation arising from 

the first research study; that children had used the same standard bench height for the 

stepping protocol. Employing the same standard bench height might have caused 

mechanical inefficiency in their stepping technique, due to differences in their hip 

angles or leg length, and this could have led to a distortion in their rating of perceived 
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exertion levels. The second study addressed this potential limitation by examining the 

effect of step platform height on children's efficiency of stepping. 

With the emergence of pictorial child-specific effort rating scales, researchers 

have not yet investigated the association that children may make between pictorial 

representation depicted on the scales and the mode of exercise to be undertaken. Such 

an association might be a factor that hinders or improves a child's reliability of effort 

production across trials. The third study was therefore designed to investigate the 

validity and reliability of two pictorial child-specific effort rating scales (CALER and 

BABE) for intra- and intermodal regulation of effort production across trials using 

intermittent cycling and stepping protocols. 

The applicability of effort perception within physical education lessons, and 

the use of child-specific effort rating scales by teachers within the health-related 

exercise (HRE) Physical Education national curriculum, is yet to be explored. If the 

external validity of using child-specific effort rating scales can be confirmed within a 

physical education setting, then this would enable physical education teachers to use 

such a tool within the HRE Physical Education national curriculum. The concept of 

effort perception could be used to increase children's awareness of the intensity of 

exercise in relation to various activities. Child-specific effort rating scales could be 

used within the HRE Physical Education national curriculum to aid the delivery and 

achievement of specific HRE attainment targets. Such targets require children to be 

able to describe changes to their feelings during physical activity (tired or more 

energetic) or to understand what happens to their body when they exercise (Harris, 

2000). As part of their normal Physical Education lessons, the aim of the fourth study 

was to explore the external validity of the BABE Scale in six weeks of circuit training 

classes with primary school children aged 8 to 11 years. 

126 



CHAPTER3 

Validity of two Illustrated Rating of Perceived Exertion Scales for 
Regulating Exercise Intensity in Children: 

A Study Using a Stepping Protocol 
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1. INTRODUCTION 

The present study was designed to compare the validity and reliability of the 

Cart and Load Effort Rating (CALER) Scale and the Bug and Bag Effort (BABE) 

Scale to regulate exercise intensity production with practice, without reference to 

objective feedback measures. This study will investigate whether use of the CALER 

accurately reflects the increasing metabolic costs of physical activity. The CALER 

depicts a child cycling with a cart of increasing loads, and may therefore be deemed 

more valid for use with a cycling protocol. With this in mind, an alternative scale is 

proposed entitled the Bug and Bag Effort (BABE) Scale for children participating in 

stepping protocols. The scale depicts an ant stepping with a backpack of coloured 

rocks which increase in load. The number of rocks in the backpack matches the 

number on the scale, and verbal descriptors compliment the scale with language 

already proven to be familiar to children (Williams et al., 1994). As recommended by 

Bar-Or and Ward (1989) colours were added to the pictures on the scale. The 

character in the BABE Scale was based on the Walt Disney film "A Bug' s Life" 

(Figure 16), which was familiar with most children at the time of the study. 
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Figure 16: Bug and Bag Effort Scale (BABE Scale) 
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The purpose of the present study was to collect preliminary information on 

the validity and reliability of the BABE and CALER Scales as exercise tools for use 

with children aged 7 to 10 years. Piaget (1972) reported that children (aged 7-10 

years) could understand and interpret pictures and symbols rather than words and 

numbers. This study will also investigate if pictorial representation (use of BABE and 

CALER) helps to improve reliability of effort perception over trials, as compared to 

use of the CERT. 

2. METHOD 

Full ethical approval for these proposed studies on 'The Use of Effort Rating 

Scales to Control Exercise Intensity in Children' has been gained from the South and 

West Research Ethics Committee, January 1999. A copy of approval is presented in 

Appendix A. 

2.1 Subjects 

Eighteen children aged 7 - 10 years, were selected from a primary school in 

Great Somerford, England. Descriptive characteristics of the children are presented in 

Table 6. Prior to data collection, parents or guardians had been supplied with an 

information sheet and had completed written informed consent for their children to 

participate in moderate exercise involving simple stepping tasks to be conducted on 

the school premises, (Appendix B). 

Table 6: Descriptive Characteristics of all Participants by Gender 

Measure 

Age (y) 
Stature (m) 
Mass (kg) 
Resting Heart Rate 
(b/min) 

Boys, n=12 

M S.D 
8.90 (0.9) 
1.32 (0.09) 

29.42 (6 .23) 
97 (14) 
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Girls, n=6 All, n=18 

M S.D M S.D 
9.17 (1.33) 9.0 (1.03) 
1.36 (0.08) 1.33 (0.08) 

31.33 (5.99) 30.06 (6 .04) 
111 (19) 102 (17) 



2.2 Procedures 

One week prior to testing, the children were introduced to the CERT, BABE 

and CALER Scales and test methodology. The tester explained how the verbal 

expressions should be interpreted in numerical form (Appendix C), and provided 

opportunity for children to ask questions about use of the scales. The tester described 

verbally the need not to be brave when rating exercise effort. The meaning of the 

verbal expressions on the scales was confirmed during a question and answer session. 

The children then practised the correct stepping cadence with and without the 

backpack. The children were able to quickly comprehend the requirements of the 

task. 

After perceptual anchoring of the scales, 12 boys and 6 girls were randomly 

allocated to one of three equal sized groups; CERT (Group 1), BABE (Group 2) or 

CALER (Group 3) (Table 7). Data collection subsequently took place on three 

occasions for each group, at least one week apart. 

Table 7: Group Characteristics of All Participants by Group 

Measure GROUP! GROUP2 GROUP3 
CERT (n=6) BABE (n=6) CALER(n=6) 

M S.D M S.D M S.D 
Age (y) 10.13 (0.2) 8.3 (1.2) 8.7 (0.5) 
Stature (m) 1.41 (0.03) 1.27 (0.08) 1.32 (0.06) 
Mass (kg) 35.0 (4.5) 25.2 (4.0) 30.0 (5.5) 
Resting Heart Rate 105 (6) 99 (13) 91 (16) 
{b/min} 

Children were tested individually and were fitted with a Polar Fitwatch 

(Finland) Heart Rate monitor with added aqua conductivity gel. Prior to 

commencement of the stepping protocol, each child rested in the supine position for 
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several minutes before resting heart rate (bpm) was palpated at the radial artery, and 

this value recorded. The protocol used has been described by Williams et al. (1993, 

1994). Warm-up prior to the test consisted of three minutes of low-intensity exercise 

which also helped to familiarise children with the testing conditions and decreased 

anxiety. Children performed an intermittent effort production protocol which required 

them to step on to and down from a gymnasium bench 0.30m high to a cadence of 25 

steps per minute, provided by a metronome (Seiko DM-33, Taiwan). Ratings of 

exercise effort were manipulated by increasing body weight by loading a backpack 

fitted to the child (Figure 17 and 17a). 

Figures 17 and 17a: Child performing the intermittent stepping protocol 

Backpack loads were calculated and selected by the children according to 0, 

5, 10, 15, 20 and 25% body mass. Children were required to instruct the tester to 
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adjust their exercise intensity (loading) to three specific levels of CERT: 3, 5, 8 

(Group 1), or BABE: 3, 5, 8 (Group 2), or CALER: 3, 5, 8 (Group 3). 

Children were briefed on the task and whilst stepping, asked the tester to add 

weight to the backpack until they reported an intensity of CERT, BABE or CALER 

rating of 3, 5, and 8 (presented in a randomised order) had been reached. When the 

child reported that the intensity level and loading were the same, stepping was 

continued for a further I-minute and heart rate recorded at the end of this period. A 

short pilot study to develop appropriate procedure indicated that effort production 

would be confirmed within 2 to 3 minutes at each level. Investigations in children 

have demonstrated that 2 to 3 minute stages are sufficient to produce approximate 

steady state (Skinner et al., 1971; Godfrey, 1974.). Each exercise bout was separated 

by a 5-minute rest period. Power output (W) was estimated using the equations of 

(Hanne, 1971) as follows: 

Work per one ascent (J) 

Work per one descent (J) 

= 

= 

Body weight (kg) x Step height(m) x 9.80 

Body weight (kg) x 3.92 

Assuming N ascents and descents per minute, the mechanical power output is; 

[(4/3) x 9.8 x Step Ht] x [Step Rate] = PO (W/kg) 
60 

Where: 1.3 includes both the positive component of ascending (1 .0) and negative 
component of descending (0.33). 

[(4/3) X 9.8 X 0.3] X fN] 
60 

[(4/3) X 9.8 X 0.3] X [25] 
60 

[3.92] X [25] 
60 

=PO (W/kg) 

=PO (W/kg) 

=PO (W/kg) 
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Therefore; 
Body weight (kg) x 3.92 x 25 

60 
=PO(W) 

For example; A 10 year old female with 30kg body mass, carries 15% of body mass 
working at CERT 8, the power output is: 

Power(W) = (30kg + 4.5kg) X 3.92 X 25 
60 

= 56W 

This protocol was repeated on two occasions for each group with at least one week 

between trials to estimate test-retest reliability. 

2.3 Analysis of Data 

Power output and heart rate were analysed with a Group (3) x Trials (3) x 

Levels (3) Analysis of Variance (ANOVA) with repeated measures on the last two 

factors. In addition, a two-way repeated measures ANOVA [Level (3) x Trial (3)] on 

power output and heart rate data was applied for each effort rating scale (CERT, 

BABE and CALER). Tukey post hoc tests were performed for any significant 

interactions or main effects. The use of tukey post hoc comparisons is justified in 

repeated measures ANOV A design when the assumption of sphericity has been met. 

Only pairwise comparisons were needed, therefore use of Tukey's honestly significant 

difference (HSD) test was appropriate. Intraclass correlation coefficients (ICC) and 

the limits of agreement (LoA) procedure were also applied to assess the reliability of 

the children to reproduce effort (power output and heart rate) between pairs of trials 

(Trial 1-2 and Trial 2-3) and for all trials. The LoA procedure calculates the mean 

difference (bias) and the 95% limits of agreement (± 1.96 S.D. of the bias) between 

repeated trials. Linear regression analysis was performed to allow a direct comparison 

for power output and heart rate predictions between this study and the study by 

Williams et al. (1994), which employed the same stepping protocol with children of 
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comparable ages (4 to 9 years). Linear regression analysis was performed on trial 3 

data (after the children had gained adequate practice with the scales and 

methodology). Data were analysed using SPSS 9.0, Excel 5.0 and Supastat 3.2 

statistical packages. 

3. RESULTS 

3.1 Heart Rate 

A Group (3) x Trials (3) x Levels (3) ANOVA on heart rate revealed a 

significant main effect for Levels (F2,Jo = 76.18, P<O.O 1) (Appendix D 1 ). Multiple 

comparisons (Tukey HSD) revealed that children produced significantly different 

(P< 0.01) heart rates at each effort rating level (3, 5 and 8). This confirmed that the 

children understood the concept of the scales. For heart rate data, the main effect for 

Trials was not significant (F2,30= 0.95, P> 0.10), as the mean heart rates across the 

three production trials were found to be consistent; Trial 1 (157 bpm), Trial 2 (158 

bpm) and Trial 3 (154 bpm). There were no other significant interactions or main 

effects. 

A Two-way ANOVA (Level x Trial) on heart rate data was applied for each 

effort rating scale (CERT, BABE and CALER), (Figure 18). 

CERT 

ANOVA revealed a significant mam effect for Levels (F2,10 = 28.21, 

P<0.001). Multiple comparisons revealed a significant difference (P<0.05) between 

heart rates produced at CERT 3 and CERT 8 only (Table 8 and Figure 18). 
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BABE 

ANOVA revealed a significant mam effect for Levels (F2,10 = 19.14, 

P<0.001). Multiple comparisons revealed a significant difference (P<0.05) between 

heart rates produced at BABE 3 and BABE 8 only (Table 8 and Figure 18). 

CALER 

ANOVA revealed a significant mam effect for Levels (F2,10 = 35.78, 

P<0.001). Multiple comparisons revealed a significant difference (P<0.05) between 

heart rates produced at CALER 3 and CALER 8 only (Table 8 and Figure 18). 

Apart from the main effects reported above, there were no main effects or 

interactions of levels by trial on heart rate. 

3.2 Power Output 

A Group (3) x Trials (3) x Levels (3) ANOVA on power output revealed a 

highly significant main effect for Levels (F2,3o = 355.95, P<0.001). Multiple 

comparisons (Tukey HSD) revealed that the children were able to produce 

significantly different (P<0.01) power outputs at each effort rating level (3 , 5 and 8). 

This confirmed that children understood the concept of the scales. For power output 

data, the main effect for Trials was not significant (F2,3o = 0.03; P> 0.10), as mean 

power outputs across the three production trials were found to be consistent at 55 (W). 

The main effect for Scale was not significant (F2,1s = 1.18, P>0.10), there were no 

significant differences between power outputs by scale. There were no other 

significant interactions or main effects. 

A Two-way ANOVA [Level (3) x Trial (3)] on power output data was 

applied for each effort rating scale (CERT, BABE and CALER), (Figure 19). 
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CERT 

ANOVA revealed a highly significant main effect for Levels (F2,10 = 587.22, 

P<0.001). Multiple comparisons revealed a significant difference (P<0.01) between 

power outputs produced at each effort rating level of CERT 3, 5 and 8 (Table 9 and 

Figure 19). This confirmed the children understood the concept of the sc~le. 

BABE 

ANOVA revealed a significant mam effect for Levels (F2,10 = 45.46, 

P<0.001). Multiple comparisons revealed a significant difference (P<0.01) between 

power outputs produced at BABE 3 and BABE 8 only (Table 9 and Figure 19). 

CALER 

ANOVA revealed a highly significant main effect for Levels (F2,10 = 155.4, 

P<0.001). Multiple comparisons revealed a significant difference between power 

outputs produced at each effort rating level of CALER 3, 5 and 8 (Table 9 and Figure 

19). This confirmed that children understood the concept of the scale. 

Apart from the main effects reported above, there was no main effect for trial 

or interaction which included 'trial' at effort rating levels 3, 5 and 8. Results obtained 

were consistent across trials and levels. Tables 8 and 9 present mean effort 

production for heart rate and power output over three trials. 

Table 8: Heart rates at Effort Production Levels of 3, 5 and 8 across three trials for the 
CERT, BABE and CALER Perceived Exertion Scales. Values are mean(± S.D.) 

CERT BABE CALER 
Effort 3 5 8 3 5 8 3 5 
Rating 

8 

Trial I 150 155 167 150 156 167 150 156 165 
(32.6) (31.3) (I 9.3) (12.9) (12.2) (13.4) (15.8) (I 4.5) (13.8) 

Trial 2 149 157 162 154 160 169 147 160 165 
(9.8) (13.6) (15.1) (12. I) (1 I .5) (16.4) (29.8) (17.8) (15 .6) 

Trial 3 140 149 158 150 160 168 148 154 163 
(17.9) (13.5) (12.8) (7. 1) (11.5) (15 .2) (I 1.0) (11.8) (11.8) 

Overall 146 154 162 151 159 168 148 157 164 

~21.4} ~20.1} ~15.4} ~l 0.5} (l 1.2l (14.2) (19.3) (14.2) (13.0) 
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Table 9: Power Output (W) at Effort Production Levels of 3, 5 and 8, across three trials 
for the CERT, BABE and CALER Perceived Exertion Scales. Values are mean(± S.D.) 

CERT BABE CALER 
Effort 3 5 8 3 5 8 3 5 
Rating 
Trial 1 57.0 60.0 63.0 47.0 49.0 52.0 53.0 55.0 

(6.9) (6.2) (6.3) (12.9) (13.5) (15.3) (10.4) (I 0.9) 

Trial 2 57.0 60.0 62.0 48.0 50.0 52.0 53.0 55.0 
(6.7) (6.6) (6.9) (14.0) (14.7) (15.3) (10.4) (10.9) 

Trial 3 57.0 60.0 62.0 48.0 50.0 52.0 53 .0 55.0 
(6.3) (6.6) (6.9) (14.0) (14.7) (15 .3) (10.4) (10.9) 

Overall 57.0 60.0 63 .0 48.0 50.0 52.0 53.0 55 .0 

~6.2l ~6. l l ~6.3l ~12.8l (13.5) (14.3) (9.8) (10.2) 
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Figure 18: Mean Heart Rate at Effort Production Levels of 3, 5 and 8 for the 
CERT, BABE and CALER Perceived Exertion Scales. (Values are mean± SEM) 
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Figure 19: Mean Power Output (W) at Effort Production Levels of 
3, 5 and 8 for the CERT, BABE and CALER Perceived Exertion 
Scales. (Values are mean± SEM) 

3.3 Regression Analyses 

- Babe 

-a-Caler 

Regression analysis performed on Trial 3 data assessed the criterion validity 

of the CERT, BABE and CALER (Appendix D2). For heart rate, linear regression 

analyses yielded the predictive ability of CERT, BABE and CALER as; 

HR (b/min) = 3.64 (CERT) + 130; r2 = 0.23, P<0.10, SEE= 14.5 b/min 
HR (b/min) = 3.49 (BABE) + 140; r2 = 0.30, P<0.10, SEE= 11.5 b/min 
HR (b/min) = 3.05 (CALER)+ 139; r2 = 0.26, P<0.10, SEE= 11.2 b/min 

For power output, linear regression analyses yielded the predictive ability of 

CERT, BABE and CALER as; 

PO (W) = 
PO (W)= 
PO (W) = 

1.06 (CERT)+ 54; r2 = 0.11 , P>0.10, SEE= 6.4 W 
0.88 (BABE)+ 45; r2 = 0.02, P> 0.10, SEE = 14.2 W 
1.05 (CALER)+ 50; r2 = 0.05, P>O.l 0, SEE= 10.5 W 
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The relationship between heart rate predictions by linear regression analyses 

presented in this study were compared to data presented by Williams et al. (1994) 

(Table 10), which employed the same intermittent stepping protocol, with children 

aged 4 to 9 years. Power output was manipulated by adjusting percent body mass 

backpack loadings. It is presumed that data presented in Figure 1 of their 1994 paper 

was from estimation mode, and yields the predictive ability of CERT as; HR (b/min) 

= 12 (CERT) + 110; r2 = 0.99, P<0.01 , SEE = 0.97. Heart rate predictions using 

linear regression analyses in this study present the predictive ability of CERT as; HR 

(b/min) = 3.64 (CERT) + 130; r2 = 0.23, P<0.10, SEE = 14.5. Likewise, the 

relationship between power output predictions using linear regression analyses 

presented in this study were compared to the predictions by Williams et al. (1994) 

(Table 11 ). Williams et al. ( 1994) present the predictive ability of CERT as; PO (W) 

= 10 (CERT) + 10; r2 = 0.99, P<0.01 , SEE = 0.29. Power outputs from this study 

yielded the predictive ability of CERT as; PO (W) = 1.06 (CERT) + 54; r2 = 0.11, 

P>0.10, SEE= 6.4. 

Table 10: Heart Rate (b/min) Predictions using Linear Regression Analyses 

Effort Williams et Current Current Current Eston et al. Lamb (1995) 
Rating al. (1994) Study Study Study (1994) (Cycle) 

(Step) (Step) (Step) (Step) (Cycle) CERT 
CERT CERT BABE CALER CERT 

1 122 134 143 142 134 136 
2 134 137 147 145 141 143 
3 146 141 150 148 148 151 
4 158 145 154 151 154 160 
5 170 148 157 154 161 168 
6 182 152 161 157 167 176 
7 194 155 164 160 174 184 
8 206 159 168 163 181 193 
9 218 163 171 166 187 201 
10 230 166 175 170 194 209 
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Table 11: Power Output (W) Predictions using Linear Regression Analyses 

Effort Williams et Current Current Current Eston et al. Lamb (1995) 
Rating al. (1994) Study Study Study (1994) (Cycle) 

(Step) (Step) (Step) (Step) (Cycle) CERT 
CERT CERT BABE CALER CERT 

1 20 56 47 51 34 29 
2 30 57 48 52 40 37 
3 40 58 48 53 47 45 
4 50 59 49 54 54 52 
5 60 60 50 55 61 60 
6 70 61 51 56 68 68 
7 80 62 51 57 74 76 
8 90 63 52 58 81 84 
9 100 64 53 59 88 92 
10 110 65 54 60 95 100 

Tables 10 and 11 show that for the stepping protocol, predicted heart rates 

and power outputs between Williams et al. (1994) and the current study do not 

compare well. Table 10 shows that heart rate predictions by linear regression analyses 

from this study, for the higher levels of CERT, are significantly lower than those 

predicted by Williams et al. (1994). For example; at CERT Effort Level 8, Williams 

et al. (1994) predict a heart rate of 206 (b/min) compared to 159 (b/min) reported in 

the current study. It is interesting to note that their reported mean values of CERT 5 

(HR= 173 .6 bpm ± 14.3) and CERT 7 (HR= 174.4 bpm ± 14.3) for children aged 8 -

9 years do not fit their linear regression model of HR (b/min) = 12 (CERT)+ 110. 

Due to the nature of the stepping task, the cadence required and the weight of 

the backpack, the heart rates and power outputs predicted by Williams et al. (1994) 

(Tables 10 and 11) do not seem possible to attain with young children. It is acceptable 

to predict that children are more likely to obtain higher values of objective effort 

during cycling tasks (Eston et al. 1994; Lamb 1995) rather than stepping tasks (Tables 

10 and 11). Due to the nature of the stepping exercise, maximum effort may often be 

halted more quickly by local muscular fatigue. Therefore, the power output prediction 
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equation presented in this study as; PO (W) = 1.06 (CERT) + 54, seems more valid 

for use with stepping protocols. 

Lower overall predicted power outputs at each effort level are shown in 

(Table 11) for Group 2 (BABE) compared to Group 1 (CERT). A One-Way ANOVA 

on Group Subject Characteristics [Age (years), Stature (m), Mass (kg), Resting Heart 

Rate (bpm)] revealed a significant main effect for Group (F2,1s = 8.15, P<0.01). 

Tukey HSD post hoc comparisons revealed that mean subject characteristics were 

significantly different (P<0.10) between the CERT (15.514) and CALER Group 

(13.329), and between the CERT (15.514) and BABE Group (11.591) (P<0.01). 

ANOVA also revealed a significant main effect for Subject Characteristics (F2,30 = 

563.72, P<0.001). Tukey HSD revealed that mean data for Height (1.334m), Weight 

(30.056kg) and Age (9.044 years) were significantly different (P<0.01). ANOVA 

also revealed a significant interaction of Group x Subject Characteristics (F 4,30 =5.74; 

P<0.01 ). Tukey HSD post hoc comparisons identified that a significant difference 

(P<0.01) existed between Group 1 (CERT) (35) and Group 2 (BABE) (25.167) for 

Body Mass (kg). Therefore, the lower body masses of the children in the BABE 

group may have accounted for the lower power output production compared to the 

CERT group. No other significant differences were identified between the CERT, 

BABE and CALER Groups for their respective subject characteristics. 

For heart rate, linear regression predictions by Eston et al. (1994) and Lamb 

(1995) during cycle ergometry estimation protocols (with test termination criteria a 

CERT value of 9 or 10) are reported as; HR= 6.6 (CERT)+ 127.7, SE= 18.3 bpm 

(r2 and P value not cited), and HR= 8.3 (CERT)+ 126.3; r2 = 0.52, P<0.05, SE= 

19.4 bpm, respectively. Table IO shows that these heart rate predictions compare 

well. 
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For example, at CERT Effort Level 5, Eston et al. (1994) predict a heart rate of 161 

bpm compared to a predicted heart rate of 168 bpm reported by Lamb (1995). 

For power output, linear regression analyses during cycle ergometry 

estimation protocols have been reported by Eston et al. (1994) as; PO (W) = 6.8 

(CERT)+ 26.7, SE= 19.7W (r2 and P value not cited), and by Lamb (1995) as; PO 

(W) = 7.9 (CERT)+ 20.8; r2 = 0.64, P<0.01, SE= 14.7W. Table 11 shows that these 

power output predictions during cycle ergometry protocols compare well. For 

example, at CERT Effort Level 5, Eston et al. (1994) predict a power output of 61 

(W) compared to a predicted power output of 60 (W) by Lamb (1995). 

3.4 Reliability 

Intraclass Correlation Analysis 

Reliability was assessed using the Intraclass Correlation Coefficient (ICC) 

and the Bland and Altman (1986) 95% Limits of Agreement (LoA) procedure. The 

results observed in Trial 1 were reliable, with exercise intensities produced at each 

CERT, BABE and CALER level correlating highly with those in Trial 2 and 3 (Table 

12). Subjects were able to reproduce objective effort (HR and PO) using BABE and 

CALER at levels 3, 5 and 8 with a high degree of reliability across three trials. For 

example, children in the BABE Group at an effort production level of 5 improved in 

their reliability to reproduce effort (heart rate) from 0.61 between trials 1 and 2 to 0.72 

between trials 2 and 3. Similar results were reported for the CERT and CALER 

groups. 

Results indicated that practice improved the reliability of results (Table 12), 

with a general trend of increased HR reliability between Trials 2 and 3 for all scales. 

For example; CERT 5 Tl-T2 R = 0.54 and T2-T3 R = 0.88. For power output, the 

BABE group produced highly reliable effort production results, with improvements in 
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reliability observed between trials 2 and 3. This trend was also true for the CERT and 

CALER groups. Overall reliability of effort production for power output (Table 12) 

shows that the BABE and CALER Scales were highly reliable tools for effort 

production, followed by the more categorised use of the CERT. Results indicate that 

power output production for children was found to be a more reliable measure of 

exercise intensity than heart rate. 

Table 12: Intraclass Correlation Coefficient (ICC) Results 

HEART RATE 
Tl-T2 T2-T3 TJ-T2-T3 

CERT 
3 0.460* 0.552* 0.563* 
5 0.540* 0.879** 0.606* 
8 0.819* 0.930** 0.839 

OVERALL 0.705 0.848 0.702 
BABE 

3 0.485* 0.598* 0.525* 
5 0.607* 0.723* 0.590* 
8 0.922** 0.751* 0.815 

OVERALL 0.714 0.754 0.667 
CALER 

3 0.687* 0.560* 0.650** 
5 0.893** 0.838* 0.874 
8 0.882** 0.893** 0.877 

OVERALL 0.810 0.768 0.791 

All values P<O.001, unless otherwise indicated 
** P<0.01 
* P<0.05 

Limits of Agreement Analyses 

POWER OUPUT 
Tl-T2 T2-T3 

0.974 0.990 
0.988 1.000 
0.954 1.000 

0.979 0.996 

0.995 1.000 
0.995 1.000 
1.000 1.000 

0.995 1.000 

1.000 1.000 
1.000 1.000 
1.000 0.996 

1.000 0.997 

Tl -T2-T3 

0.975 
0.992 
0.970 
0.983 

0.997 
0.997 
1.000 
0.996 

1.000 
1.000 
0.997 

0.998 

The 95% Limits of Agreement analyses are presented in Tables 13 and 14. 

The results suggest that the children could reproduce heart rates with a lower bias and 

less variation around the bias by Trial 3 (Table 13). For example, at an effort level of 

5, Trial 2 vs Trial 3, the BABE group would be expected to reproduce heart rates of 

between 0.33 ± 17 (bpm), i.e. within a range of 17 bpm lower or 17 bpm higher than 
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the heart rates in Trial 2. Analysis between trials for HR supports the ICC results by 

suggesting that reliability improves with practice for each effort rating scale. 

Highly reliable results were obtained for power output. This high reliability 

could be attributed to the low number of possible power output responses. Results 

indicate that the children could reproduce power outputs with a lower bias and less 

variation around the bias by Trial 3 (Table 14). These results show that the children in 

the CERT, BABE and CALER groups varied very little in their power output 

production over trials at each effort rating level 3, 5 and 8. This could be attributed to 

the stepping protocol used and the way in which power output was estimated 

(incorporating percent body mass). For individual power output responses to three 

effort production levels across three trials all values were within the 95% LoA. 

Analysis between trials for power output indicated a high reliability of effort 

production. 

Table 13: Limits of Agreement (LoA) (Heart Rate) for CERT, BABE and CALER across 
Trial 1 (Tl) to Trial 3 (T3) showing bias with 95% limits of agreement in brackets. 

CERT BABE CALER 
Effort 
Rating Tl-T2 T2-T3 Tl-T2 T2-T3 Tl-T2 T2-T3 

3 0.5 9.5 -4.0 4.2 2.5 -0.5 
(±2x25.l) (±2 X 13 .7) (± 2 X 12.7) (± 2 X 8.9) (± 2 X 18.9) (±2x21.1) 

5 -2.2 7.3 -3.7 0.33 -3.3 5.3 
(± 2 X 23.1) (±2 X 6.7) (± 2 X 10.5) (± 2 X 8.5) (± 2 X 7.5) (± 2 X 8.6) 

8 5.0 3.7 -2.0 1.6 0.2 1.7 
(± 2 X 10.4) (±2 X 5.2) (± 2 X 5 .. 9) (± 2 X 11.2) (±2x7.1) (± 2 X 6.4) 

Overall 1.1 6.8 -3 .2 2.1 -0.2 2.2 
(±2x 19.6) (±2x9.l) (± 2 X 10.0) (± 2 X 9.0) (± 2 X 11.9) (±2 X 13.0) 
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Table 14: Limits of Agreement (LoA) (Power Output) for CERT, BABE and CALER across 
Trial 1 (Tl) to Trial 3 (T3) showing bias with 95% limits of agreement in brackets. 

CERT BABE CALER 
Effort 
Rating Tl-T2 T2-T3 Tl-T2 T2-T3 Tl-T2 T2-T3 

3 0.0 -0.4 -0.5 0.0 0.0 0.0 
(± 2 xl.5) (± 2 X 0.9) (± 2 X 1.3) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) 

5 0.4 0.0 -0.6 0.0 0.0 0.0 
(± 2 X 1.0) (± 2 X 0.0) (± 2 X 1.4) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) 

8 0.8 0.0 0.0 0.0 0.0 -0.4 
(± 2 X 2.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X J.0) 

Overall 0.4 -0.1 -0.4 0.0 0.0 -1.4 
~± 2 X l.5l (± 2 X 0.5) (±2xl.l~ ~± 2 X 0.0) (± 2 X 0.0~ (± 2 X 0.6) 

4. DISCUSSION 

Results from this study show that children were capable of adjusting their 

exercise intensity to match specific levels of perceived exertion. Significant 

differences (P<0.05) between effort rating levels of 3 and 8 only, were determined for 

heart rate for each group (CERT, BABE and CALER). For power output, significant 

differences were observed (P< 0.01) between effort rating levels 3, 5 and 8 for the 

CERT and CALER groups. This confirmed that the children understood the concept 

of the scales. These results have also confirmed that the CERT appears to be a valid 

measure of exercise intensity in this group of children. 

For the BABE group, significant differences (P< 0.01) in children' s heart rate 

and power output production were observed between Levels 3 (Easy) and 8 (Very 

Hard) only. These results support the hypothesis that the lower mean body mass of 

children in the BABE group may account for their ability to distinguish only between 

Levels 3 and 8 in both their heart rate and power output production. Due to the nature 

of the stepping task, a child of light body weight has a poorer differentiation between 

effort (0, 5, 10, 15, 20 and 25% body mass). This difference in the weight lifted 
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between levels is therefore small, and might be non-significant in terms of power 

output production (W) according to the equation by Hanne (1971). The lower mean 

age of children in the BABE group (8.3 ± 1.2 years) may have contributed to a more 

limited range of exercise experiences, which could also contribute to their ability to 

only be able to distinguish between ratings of 3 (Easy) and 8 (Very Hard). 

Evidence to demonstrate that the children had learned how to self-regulate 

exercise intensity is suggested by both the increase in intraclass R values, and the 

limits of agreement analysis between trials. With one exception, the overall intraclass 

correlation coefficients (ICCs) showed an increase between trials 2 and 3, and would 

have been expected to increase further with additional trials for all groups. For 

example the R values for the CERT group (heart rate) were 0.71 for Tl to T2, but this 

had improved to 0.85 by Trial 2 to 3. When the limits of agreement values are 

compared a more comprehensive picture is obtained. Results indicated that the 

children could reproduce heart rates with a lower bias and less variation around the 

bias by trial 3. For example, the BABE Group at effort production level 5, improved 

in their ability to regulate exercise effort. By trial 3, they could reliably reproduce 

heart rate with an accuracy of± 17 bpm. 

The 95% LoA analysis showed that the children varied very little in their 

power output production over trials at each effort rating level 3, 5 and 8. This could 

be attributed to the stepping protocol used, the way in which power output was 

estimated and the limited percent body mass options. Analysis of power output data 

ICCs across trials confirmed that the BABE and CALER Scales were highly reliable, 

followed by the more categorised use of the CERT. We can conclude from this that 

pictorial representation of BABE and CALER may have assisted subjects in 

producing highly reliable readings of objective effort across trials. 
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Although not formally interviewed for their views on the perceived exertion 

scales, discussion with the children during the introductory session confirmed that 

their preferred choice of scale to use would be the BABE. Reasons for their preferred 

choice were given as; i) 'Fun-looking' and 'Interesting' due to use of colours. ii) 

Character association with the hit movie 'A Bug's Life' (topical), 44% (n = 8) of 

subjects had seen the film and all subjects were familiar with the storyline and 

characters. iii) Other comments made were that it was clear to see from the pictures 

that the Bug was struggling with the exercise at the higher levels of effort, with the 

facial expressions and dripping beads of sweat. It is important to note that there was 

no experimenter bias in 'leading' children towards any particular opinion / remark. 

The children were not aware that the tester had designed the BABE Scale. The tester 

remained wholly impartial when recording comments obtained during the introductory 

session. The children felt the pictures on the BABE Scale gave a clearer interpretation 

of exercise effort compared to the CALER or CERT. iv) The children also commented 

that the Bug is shown stepping up onto and down from a bench wearing a backpack, 

thus depicting the stepping action required. There was an association between the 

BABE Scale and the stepping protocol, which seemed to enhance understanding. 

This study has provided evidence to support the use of the CERT and CALER 

Scale as tools for quantifying children's effort perception and for regulating exercise 

output during intermittent stepping tasks. Data from this study provide preliminary 

evidence that the BABE Scale is potentially a valid and highly reliable tool for 

exercise intensity regulation during randomised intermittent stepping ergometry in 

children aged 7-10 years. Pictorial and verbal representation of the BABE and 

CALER Scales may enhance children's interpretation of exercise effort, compared to 

use of the CERT. This study has confirmed that practice improves the reliability of 
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using effort rating scales. It would be worthwhile to extend the number of trials to 

identify if accuracy improves any further than recorded in the current study. 

Improvements in children's regulation of exercise effort might be more marked with 

use of the BABE Scale, since it was specifically designed for children participating in 

stepping protocols. 

Future studies could further explore validation of the CERT, BABE and 

CALER Scales by linear regression analyses for intermittent effort production 

protocols using a variety of exercise modalities, including stepping tasks. Further 

comparisons between the predictive abilities of these scales may then be possible. 

Owing to the small sample tested in each group, this study would warrant verification 

by repeating the same production protocol, across three or more trials, with larger 

numbers. Recommendations for scale modifications could include the addition of 

verbal cues (familiar to children) to all numbers (1 to 10) on the BABE and CALER 

scales, to further aid interpretation of exercise effort. Children suggested this several 

times to the tester during the study. 

If effort rating scales are to be validated externally in the future within 

Physical Education or games lessons, then the educational aspect of introducing these 

scales into a school environment requires some thought. Physical educators, prior to 

using effort rating scales with children, need to be introduced to the concept of effort 

perception and the use of such scales. For example, within a games lesson, the 

educational aspect of effort perception could be delivered from both an active 

(production) and passive (estimation) aspect. For the production aspect, children 

could be asked to apply or attempt a certain effort and exertion level during an 

activity. For example, how hard to make a penalty shot in football or a serve in 

tennis. Alternatively, after participating in a basketball game, children could be asked 
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to perceive how hard the game actually was. This would be use of perceived exertion 

from an estimation aspect. Teachers could then, dependent on the reported ratings of 

exercise effort; modify the intensity over a period of time. Children's preferred effort 

rating levels could also be explored. Such practical exercise tasks could assist in the 

achievement of HRE attainment targets in the physical education national curriculum. 

However, physical educators would firstly need to be introduced to the use of effort 

rating scales and understand their application before their use can be disseminated to 

children. 

Effort rating scales could be integrated into a health-related based physical 

education curriculum, as reviewed by Kirk (1986a), to encourage children to become 

more physically active. Introduction of child-specific effort rating scales to a Physical 

Education environment would help to determine if children can understand and apply 

effort sense, which would also provide a theoretical aspect of intensity to classes. 

Effort perception could also help to determine if Physical Education classes are 

optimally challenging, conferring physiological benefits. 

This study has already raised an awareness of health-related fitness, exercise 

intensity and perception of effort amongst pupils and staff in the school involved in 

data collection. The tester was invited back to the school to present the research 

results to the children (including those children who did not participate in this study). 

Staff have already planned that the children will produce a number of projects based 

on this and other exercise experiences. Educational tasks such as these could act as an 

induction process for pupils and staff, in order to effectively introduce effort rating 

scales into physical education classes. 

A potential limitation of this study was that children had used the same 

standard bench height for the stepping protocol. A potential limitation of the results 
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could therefore be a distortion of the children's RPE levels due to inter-individual 

differences in the children's hip angles or leg length whilst stepping with a fixed 

bench height of 0.30m. If the children who participated in this study were 

disadvantaged due to mechanical inefficiency in their stepping technique then the 

validity of results could be questioned. The following study was therefore conducted 

to examine the effect of step platform height on stepping efficiency in children. 

150 



CHAPTER4 

The Effect of Step Height on Stepping Efficiency in Children 
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1. INTRODUCTION 

The development of valid and reliable tests of physical fitness for children is 

an area of concern for fitness and exercise specialists. There has been extensive 

research into the study, measurement, and development of cardiorespiratory fitness in 

adults (Francis 1987; Francis and Brasher, 1992). In the mid 1990's, the American 

Heart Association (1994) identified a need for valid field tests of aerobic fitness, 

specifically for young children. Stepping protocols (maximal and submaximal) have 

been widely used because of their mechanical simplicity and administrative ease. 

However, certain criticisms relating to the validity and reliability of stepping tests 

have been raised (Thomas et al., 1993; Francis et al., 1998). One contributing factor 

to this controversy appears to be the conflicting evidence linking anthropometric 

parameters (particularly leg length and hip angles) to exercise performance and 

physiological efficiency in both adults and children. Studies by Howe and Collis 

(1973), Miyamura et al. (1975) and Cicutti et al. (1991), indicate that in adults and 

children, overall leg length does not affect stepping efficiency. In contrast, studies on 

adults by Shahnawaz (1978) and Thomas et al. (1993), and those on children by 

Francis et al. (1998), report that hip angles or leg length do affect the efficiency of 

bench-stepping. 

If children are mechanically disadvantaged by using a fixed bench height for a 

stepping protocol (for example a child of small stature), then this may result in 

distortion of RPEs and other physiological measures such as heart rate and oxygen 

consumption. 

Cicutti et al. (1991) examined the effect of leg length on relative oxygen 

consumption (V02), heart rate (HR) and minute ventilation (VE) in 30 boys aged 8 -

12 years (mean age 10.1 ± 1.2 years). Children completed a 5-minute intermittent 
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stepping protocol, with 6-minute rests between exercise bouts. Stepping height was 

varied to correspond to 30, 40 and 50% of the individual's leg length. For each of the 

three stepping heights (percentage of leg length) for each child, a stepping frequency 

was calculated to give a constant work rate of 6 metres/minute. A metronome was 

used to enable children to keep to the desired cadence. 

A basic requirement of the study was that no appreciable fatigue be present 

between bouts of exercise in order to sustain the children's motivation and interest, 

and to minimise the contribution of anaerobic processes to total energy cost. For these 

reasons a low intensity stepping rate (6 metres/ minute) was selected to examine the 

efficiency of variations in stepping height as a percentage of leg length. Overall leg 

length was measured as the vertical distance between the proximal greater trochanter 

and the plantar surface of the foot. The anatomical landmark employed to identify the 

upper limit of the lower leg segment was the proximal surface of the head of the 

fibula, the lower limit was the plantar surface of the foot. The difference between 

total leg length and the length of the lower leg segment represented the length of the 

upper leg segment. Heart rate was recorded via a Sport Tester PE 3000, and a Roxon 

Medi-Tech System was used to measure V02. 

To examine the effects of overall leg length relative to stepping height, a one­

way ANOV A with three repeated measures was carried out for the variables V02, HR 

and VE. To assess the influence of knee joint angle, leg length and leg length to body 

weight on V02, HR and VE, two groups of 10 children were formed by comparing the 

top third and bottom third of the anthropometric parameters. A two-factor ANOV A 

with three repeated measures was used to test for significant differences between high 

and low groups for the three physiological variables. 
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The authors reported that the three conditions of stepping elicited similar 

values of relative V02, HR and VE. ANOVA revealed no significant differences in 

relative V02, HR or VE between the three experimental conditions. These results 

indicate that alterations in the pattern of stepping did not affect the metabolic cost of 

effort when the total external workrate was held constant at 6 metres/minute. 

Therefore, the relationship of stepping height to overall leg length was not of critical 

importance. It was concluded that leg length did not influence the physiological 

responses of young boys during the moderate stepping task (Cicutti et al., 1991) 

The results reported by Cicutti et al. (1991) support previous studies by 

Miyamura et al. (1975) and Howe and Collis (1973), which reported that in children 

and adults, overall leg length did not affect stepping efficiency. Therefore, alterations 

in stepping height to suit differences in leg length among participants were not 

warranted. 

Nagle et al. (1965) and Kamon (1970) reported that for a given work rate, 

stepping frequency was of greater importance to the oxygen requirements of the task 

than stepping height. Therefore, in the study by Cicutti et al. (1991 ), the shorter­

legged individuals should have been at a physiological disadvantage compared to their 

longer-legged counterparts. However, ANOVA revealed there were no significant 

differences between the two groups with regards to oxygen consumption and heart 

rate. The lack of any intraindividual differences for oxygen consumption would 

appear to disagree with the results of Nagle et al. (1965, 1971). No significant 

intergroup physiological differences were revealed by Cicutti et al. (1991), except for 

minute ventilation. Minute ventilation was significantly higher (p< 0.01) in the 

longer-legged boys. This could be explained by the fact that because absolute 

ventilation is mainly dependent on size, the longer-legged (and in most cases heavier) 
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boys were required to ventilate more. In conclusion, at the level of work employed (6 

metres/minute), the longer-legged and shorter-legged boys were effectively matched 

for cadence and were working at a relative pace that was energetically comparable. 

Thomas et al. (1993) in their study of 121 subjects aged 15-67 years indicated 

that the variability in oxygen demand during the modified Canadian Aerobic Fitness 

Test (mCAFT) was large enough to significantly affect the prediction of maximal 

oxygen uptake. The authors examined the relationship between leg length and the 

oxygen demand of stepping at specific work levels. The amount of variation in 

oxygen consumption that could be explained by age, fitness, body size, gender and leg 

length was assessed using correlations and regression analyses. 

Leg length was found to have a significant but weak effect on the oxygen 

demand of stepping for women at level 5 of the mCAFT (r = 0.30, P value not cited). 

The relationship observed between leg length and oxygen demand was rather weak for 

both males and females at any stepping level. Leg length, age and V02 max were 

reported as significant but weak correlates of the oxygen demand of stepping. Age 

was the strongest correlate of oxygen demand (r = 0.58, P<0.05) for women at level 6 

of the stepping test. A very weak correlation between age and oxygen demand (r = 

0.26, P value not cited) was reported for male subjects. A weak correlation between 

age and oxygen uptake might have occurred if the older subjects had performed more 

work when stepping vigorously or if they used more energy to perform the same work 

(Bartlett et al., 1986). Variations in the biomechanics of stepping (hip and knee 

angles) may have altered the amount of work done in the stepping test and thus the 

oxygen demand. Regression analyses indicated that variation in the oxygen demand 

of stepping could not be explained by simple descriptors of the subjects. Thomas et 

al. (1993) therefore suggested that other variables might be involved in the variability 
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of oxygen demand, such as mood state, which has been shown to affect the oxygen 

demand between trials for the same subject during treadmill running (Williams et al., 

1991a). 

A number of other factors have been investigated that may alter the oxygen 

demand of stepping. Possible factors include body weight (Astrand and Rodahl, 

1986), mechanical efficiency (Gaesser, 1975), knee joint angle (Ariel, 1969), and leg 

length (Shahnawaz, 1978). 

Shahnawaz (1978) was the first to conclude that mean V02 was significantly 

related to limb length in a height-adjusted stepping protocol with adults. Ten male 

subjects aged between 20 and 31 years participated in the study. A standard work 

load was achieved by ensuring that participants performed the same amount of work 

at various work rates for each of the bench heights tested. The workload was 

equivalent to IO metres/minute multiplied by the participant's body weight ( e.g., 

stepping on to a 40cm high bench 25 times/minute multiplied by the body weight in 

kg). Variations in participant's body weight were negligible (less than 0.4% of their 

weight). All participants initially performed on a 40cm bench at a rate of 25 

steps/minute as a standard familiarisation procedure (standard bench). They then 

performed the 5-minute stepping protocol for bench heights which corresponded to 

30-60% of their limb length with intermediate increments of 5% of their limb length 

(8 different tests in all, including the standard test). The order of performances (apart 

from the standard test) were randomised in order to minimise any influence due to 

practice or habituation. Expired air was collected using Douglas bags in the last 

minute of exercise only, the assumption being made that participants were already at 

steady state before the last minute. The participant's ECG was continuously 

monitored throughout the protocol. 
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AU-shaped relation between oxygen demand and step height was observed, 

with a minimum cost at step heights near 50% of leg length. The consumption of 

oxygen at the 40-55% bench heights was significantly lower (at 0.05 confidence level) 

than at any of the other three bench heights. The results indicated that there was an 

optimal bench height for the stepping protocol ( expressed as a percentage of the 

participant's limb length), but the results were not sufficiently sensitive to show 

exactly where in the range 40-55% bench height, the optimum fell. 

Shahnawaz (1978) concluded that the optimum oxygen consumption for a 

given work load during stepping protocols might be a compromise between low 

stepping rate (less wasted energy in lifting the leading limb) and a high bench, where 

energy is wasted adjusting body posture and maintaining balance. The practical 

implication of this is that step test validity could be improved if bench height were 

related to the participant's limb length (allowing discrete intervals of 5cm) rather than 

using a fixed height for all participants. 

In a study of the aerobic requirement of bench stepping, Stanforth et al. 

(1993) reported that leg length significantly affected oxygen uptake. They 

recommended that for optimal efficiency, adjustment of the step height to leg length 

might be beneficial to activities that use a bench for performing aerobic exercise. 

Such an adjustment may also better facilitate the use of heart rate as an accurate 

predictor of exercise intensity. Many step aerobics classes that use HR to monitor 

intensity of stepping assume that the same V02-HR relationship holds true regardless 

of the participant's stature (Stanforth et al., 1993). 

Results reported for children by Cicutti et al. (1991) do not corroborate the 

results reported by Shahnawaz (1978) for adults. This may be due to differences in 

the workloads selected for stepping or to factors related to maturity. 
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Francis et al. (1998) examined the effect of leg length on V02 and HR in 19 

healthy, non-smoking, non-obese children aged 8-17 years. Five different bench 

heights were selected that corresponded to hip angles of 65, 73, 82, 90, or 98 degrees 

(see calculation below). Workrate was kept constant at 8 metres/minute. Oxygen 

consumption was measured using open circuit spirometry. Heart rate was measured 

via an ECG (Physiocontrol Lifepak Cardiac Monitor). Test-retest reliability was 

determined with five of the participants chosen at random. These children repeated a 

test using a randomly chosen hip angle. Data were analysed using a repeated 

measures ANOV A performed on V02, HR and efficiency vs. the hip angle of stepping 

to examine the effects of stature relative to stepping height. The intraclass correlation 

coefficient was used to test the statistical relationship between test and retest. Results 

indicated that V02 and HR in children were influenced by leg length when working at 

a rate of 8 metres/minute and that, of the five hip angles tested in the study, stepping 

efficiency was maximal at a hip angle of 82 degrees. 

Calculation of step platform height 

Determined from the geometric relationship of an individual's stature and femur 
length. 

Hf = (h) (1 - cos 0) where; 

Hf = platform height ( cm) 
h = length of femur (cm) 
0 = hip angle 

Length of Femur 

Determined using orthoroentgenograms, Anderson et al. (1948, 1978). Using these 

established relationships, the length of the femur (h) for each age was determined to 

be Lftimes the stature (Ih). 
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Therefore; 

Hf = (Lf x Ih) (1 - cos 0) where; 

Hf = platform height (cm) 
Lf = ratio of femur length 
Ih = stature (cm) 
0 = hip angle 

In adults, Shahnawaz (1978) reported that a hip angle of 86 degrees resulted 

in the lowest mean V02 (i.e. greatest efficiency) during a stepping task. Francis and 

Minard (1997) found that the highest efficiency and lowest V02 in adults were 

recorded at a hip angle of 82 degrees whilst working at a rate of 10 metres/minute. 

These results and those reported by Francis et al. (1998) suggest that leg 

length does influence efficiency of stepping. The practical implication of these 

findings suggest that the validity of any step test should be enhanced if bench height is 

related to a child' s stature or hip angle (ideally 82 degrees), rather than using a fixed 

bench height. This practical implication is not supported by Cicutti et al. (1991), who 

reported that in young boys, there was no significant difference between V02 and HR 

when stepping at calculated hip angles of 68, 80 and 92 degrees. The difference 

between the results reported by Francis et al. (1998) and those reported by Cicutti et 

al. (1991) may be related to the limited age and leg length of subjects used by Cicutti 

and colleagues. The more heterogeneous group of subjects used by Francis et al. 

(1998) may have allowed for distinguishing changes in V02, that were not detectable 

with the more homogeneous group of 10 year olds with a similar stature used by 

Cicutti et al. (1991). The controversy over the relationship between effect of step 

platform height and stepping efficiency in children still exists in the literature. The 

purpose of the following study was to determine if the children who had participated 
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in Study 1 had been mechanically disadvantaged during the stepping protocol by using 

the same standard bench height (0.30m). If the children had been inefficient in their 

stepping technique due to inter-individual differences in their hip angles or leg length 

whilst stepping with a fixed bench height, then this could have distorted their RPE 

levels. This study was designed to address this potential criticism. 

2. METHOD 

2.1 Subjects 

Eighteen children aged 7 to 10 years from a Primary School in Great Somerford, 

England, participated in this study. Descriptive characteristics are presented in Table 

15. As indicated in Study 1 (2.2 Procedures), the 12 boys and 6 girls were randomly 

allocated to one of three equal sized groups; CERT (Group 1), BABE (Group 2) or 

CALER (Group 3) (Table 16). 

Table 15: Descriptive Characteristics of all Participants by Gender 

Measure 

Age (y) 
Stature (m) 
Mass (kg) 
Resting Heart Rate 
(b/min) 

Boys, n=l2 

M S.D 
8.90 (0.9) 
1.32 (0.09) 

29.42 (6.23) 
97 (14) 

Girls, n=6 All, n=18 

M S.D M S.D 
9.17 (1.33) 9 .0 (1.03) 
1.36 (0.08) 1.33 (0.08) 

31.33 (5 .99) 30.06 (6.04) 
111 (19) 102 (17) 

Table 16: Group Characteristics of All Participants by Group 

Measure 

Age (y) 
Stature (m) 
Mass (kg) 
Resting Heart Rate 
(b/min) 

GROUP l 
CERT (n=6) 

GROUP2 
BABE (n=6) 

M 
10.13 
1.41 
35.0 
105 

S.D M 
(0.2) 8.3 

(0.03) 1.27 
(4.5) 25.2 
(6) 99 

160 

S.D 
(1.2) 
(0.08) 
(4.0) 
(13) 

GROUP3 
CALER(n=6) 

M 
8.7 
1.32 
30.0 
91 

S.D 
(0.5) 

(0 .06) 
(5.5) 
(16) 



In order to explore the relationship further between hip angle and stepping 

efficiency in children, the equations presented by Francis et al. (1998) were applied to 

the subject characteristics for the children who participated in the first study (Chapter 

3) in order to determine the range of hip angles that they were working at during the 

stepping task. Data were analysed using Excel 5.0 and SPSS 9.0. 

According to Francis et al. (1998); 

Hf = (Lf x lb) (1 - cos 0) where; 

Hf = platform height (cm) 
Lf = ratio of femur length to stature 

= [predicted by age and gender according to data from Francis et al., (1998)] 
Ih = stature (cm) 
0 = hip angle Therefore; 

cos O = 1 - Hf ) 
Lfxlh ] 

Hip angles were calculated for the children who had participated in the first study. An 

example is presented here; 

Subject 1 (CERT) 

Hf = (Lf x lb) (1 - cos 0) where; 

Hf = 30 cm 
Lf = 0.264 (10 year old female) 
Ih = 141 cm 
0 = hip angle Therefore; 

cos O = I - [ 30 ) 
[ 0.264x 141 ] 

cos O = 0.194 

= 78.8° 
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3. RESULTS 

Hip angles ranged from 77 to 91 °, with a cluster of values around 80 - 82° 

(Figure 20). As reported by Francis et al. (1998), an angle of approximately 82° is the 

most efficient angle in bench stepping protocols. Hence the physiological responses 

measured at the three effort production levels for the CERT, BABE and CALER 

groups, were at, or close to, the most efficient hip angle. Mean hip angles and 

standard deviations for each group are presented in Table 17. 

Table 17: Mean Hip Angle degrees(± S.D) for the CERT, BABE and 
CALER Groups 

Group (n = 6 each) Mean Hip Angle (degrees) S.D. (±) Standard Error 

CERT 78.9 1.3 0.5 
BABE 85 .2 3.8 1.6 
CALER 83 .1 2.3 0.9 

For heart rates, the CERT, BABE and CALER groups are similar to those 

reported by Francis et al. (1998), suggesting the children had not been at mechanical 

disadvantage during the stepping protocol (Figure 21). It appears however that the 

CERT group was slightly more efficient than the BABE or CALER group (lower 

mean heart rates) at each effort rating level of 3, 5 and 8 (Figure 22). The lower hip 

angle in the CERT group and their larger body size (increased stroke volume) may 

have accounted for the lower heart rates at each effort rating level, compared to the 

heart rate results for a mean hip angle of 85.2° (BABE) and 83.1° (CALER). 

Nevertheless, there is good agreement between results from this study and those of 

Francis et al. (1998) for hip angle and stepping efficiency, in that mean hip angles for 

the CERT, BABE and CALER groups fall within 82 degrees ±3 (optimal efficiency). 
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Figure 20: Relationship between Stepping Efficiency and Hip Angle. (Individual 
points are shown within each group as indicated) 
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Figure 21 : Variation of Heart Rate with Hip Angle during Stepping. 
Values for each group are shown as indicated. 

(Values are mean± S.D. to compare to data from Francis et al. 1998) 
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Figure 22: Relationship between Mean Heart Rate and Hip Angle for three Effort 
Production Levels of the CERT, BABE and CALER Scales. (Values are mean ± SEM). 

Tables 18 and 19 support these results. Stature did not appear to affect the 

power output or heart rate response using a fixed bench height of 0.30m. Analysis of 

individual heart rate responses to three effort production levels across three trials 

(Bland and Altman 1986; 1995), found that only one value from the CERT group (at 

CERT 3 between trials 1 and 2) was outside the 95% LoA. This child was stepping 

with a calculated hip angle of 80.4 degrees, which closely reflects optimal stepping 

efficiency in children (Francis et al., 1998). A reason for this one anomalous result 

between trials 1 and 2 is not known, but is unrelated to mechanical disadvantage. 

Highly reliable results were reported for the BABE and CALER groups, with heart 

rate values for all subjects at BABE and CALER 3, 5 and 8, across trials, within the 

95% LoA. 

Analysis between trials for power output indicated a high reliability of effort 

production. Indeed, even a child from the BABE Group who had the smallest stature 

(1.14m) and largest hip angle (91.4 degrees) was not more variable (due to possible 

mechanical disadvantage) in their effort production. Table 19 shows a high level of 
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agreement in power production between trials at each effort rating level for the CERT, 

BABE and CALER groups. The Intraclass Correlation Coefficients (Table 12, 

Chapter 3) support these results. Children were able to reproduce objective effort 

using the CERT, BABE and CALER scales with a high degree of reliability across 

three trials. Results suggest that practice improved reliability of results, with 

improvements occurring between trials two and three. 

Table 18: Limits of Agreement (LoA) (Heart Rate) for CERT, BABE and CALER 
across Trial 1 (Tl) to Trial 3 (T3) showing bias with 95% limits of agreement in 
brackets. 

CERT BABE CALER 
Effort 
Rating Tl-T2 T2-T3 Tl-T2 T2-T3 T1-T2 T2-T3 

3 0.5 9.5 -4.0 4.2 2.5 -0.5 
(± 2 X 25.J) (±2 X 13 .7) (± 2 X 12.7) (± 2 X 8.9) (± 2 X 18.9) (±2x21.1) 

5 -2.2 7.3 -3 .7 0.33 -3.3 5.3 
(± 2 X 23.1) (± 2 X 6.7) (± 2 X 10.5) (± 2 X 8.5) (± 2 X 7.5) (±2 X 8.6) 

8 5.0 3.7 -2 .0 1.6 0.2 1.7 
(± 2 X 10.4) (± 2 X 5.2) (± 2 X 5 .. 9) (± 2 X 11.2) (±2x7. l) (± 2 X 6.4) 

Overall I. I 6.8 -3.2 2.1 -0.2 2.2 

(± 2 X 19.6) (± 2 X 9.1) (± 2 X 10.0) (±2x9.0) (± 2 X 11.9) (± 2 X 13.0) 

Table 19: Limits of Agreement (LoA) (Power Output) for CERT, BABE and CALER 
across Trial 1 (Tl} to Trial 3 (T3} showing bias with 95% limits of agreement in 
brackets. 

CERT BABE CALER 

Effort 
Rating Tl-T2 T2-T3 Tl-T2 T2-T3 Tl-T2 T2-T3 

3 0.0 -0.4 -0.5 0.0 0.0 0.0 
(± 2 xl.5) (± 2 X 0.9) (± 2xl.3) (± 2 X 0.0) (± 2 x O.O) (± 2 X 0.0) 

5 0.4 0.0 -0.6 0.0 0.0 0.0 
(± 2 X 1.0) (± 2 X 0.0) (± 2 X 1.4) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) 

8 0.8 0.0 0.0 0.0 0.0 -0.4 
(± 2 X 2.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 1.0) 

Overall 0.4 -0.1 -0.4 0.0 0.0 -1.4 

(± 2 X 1.5) (± 2 X 0.5) (± 2 X 1.1) (± 2 X 0.0) (± 2 X 0.0) (± 2 X 0.6) 
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4. DISCUSSION 

Although somewhat equivocal, previous studies suggest that leg length does 

influence the efficiency of stepping in children. In the present study step height was 

0.30m, which elicited hip angles of, or close to, 82 degrees. This infers that children 

were unlikely to be at a mechanical disadvantage, because research has shown that a 

hip angle of 82 degrees represents the greatest efficiency for children participating in a 

stepping protocol (Francis et al., 1998). In addition, the 95% LoA analysis showed 

that children ( of varying stature) were not significantly variable in their effort 

production. 

In summary, no significant intraindividual differences were revealed for heart 

rate or power output when the children stepped with mean hip angles of 78.9 degrees 

± 1.3 (CERT), 85.2 degrees ± 3.8 (BABE) and 83.1 degrees± 2.3 (CALER), while 

keeping the external work rate constant at 7.5 metres/minute. Alterations between 

subjects for relative leg length and hip angle did not result in significant changes in 

the physiological economy of the stepping task. Analysis of variance revealed no 

significant intergroup physiological differences in the production of exercise effort. 

For a fixed bench height of 0.30m and work rate of 7.5 metres/minute 

employed in this study, the relationship between stepping height and hip angle or leg 

length did not significantly influence intraindividual or intergroup physiological 

responses to three effort production levels of CERT, BABE and CALER. The 

stepping protocol and physiological data collected are therefore valid. The validity of 

future studies utilising a stepping protocol with children could be enhanced if hip 

angles were pre-calculated based on the fixed bench height to be used. Stepping with 

a hip angle of, or close to 82 degrees is advised (Francis et al., 1998) in order to avoid 

mechanical disadvantage and to optimise stepping efficiency. 
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With the development of a range of pictorial child-specific effort rating 

scales, researchers have not yet investigated their intermodal efficacy. Validity and 

reliability studies using pictorial child-specific effort rating scales depicting a child 

cycling (Eston et al., 1999; Robertson et al., 1999; Eston et al., 2000) have typically 

been employed with cycle ergometry protocols. The intermodal efficacy of such 

scales is yet to be examined. The following study was designed to explore the 

intermodal efficacy of two pictorial child-specific effort rating scales. 
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CHAPTERS 

An Examination of the Relationship between Two Child-Specific 
Effort Rating Scales and the Mode of Exercise 
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1. INTRODUCTION 

With the development of child-specific effort rating scales, few researchers 

have questioned their intermodal efficacy. Researchers have tended to focus their 

validity and reliability studies using the CALER Scale (Esten et al. 1999, 2000) and 

OMNI Scale (Robertson et al. 1999) which both depict a child cycling, specifically 

within cycle ergometry protocols. Questions have remained regarding the 

appropriateness of using such scales with other exercise modes, such as stepping. 

Similarly, it is unknown whether the BABE Scale, designed specifically to assess 

perceived exertion by children during stepping protocols, could be used for cycling 

tasks. The importance (and association) that children may make between the pictorial 

representation depicted on the scales and the exercise task to be completed could be a 

factor that hinders or improves a child's reliability of effort production across trials. 

The purpose of the current investigation was to evaluate the validity and 

reliability of the CALER and BABE Scales for intra- and intermodal regulation of 

effort production using intermittent cycling and stepping protocols. 

2. METHOD 

2.1 Subjects 

Data were collected on 30 children aged 7 - 11 years, representing 48% of a 

Primary School in Wiltshire, England. All subjects provided parental informed 

consent to participate in the study and were free of known contraindications prior to 

testing. Ethical approval was granted from the South and West Region Medical Ethics 

Committee. 
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2.2 Procedures 

One week before testing, the experimenter introduced the children to both 

effort rating scales (CALER and BABE) and the exercise equipment. After perceptual 

anchoring of the scales, children were randomly allocated to Group 1 (CALER) or 

Group 2 (BABE). Following an explanation of how the verbal expressions for each 

scale should be interpreted in numerical form, the children in each group were given 

copies of their designated scales to study and keep. Data collection for both groups 

took place on the school premises on three occasions, one week apart. The testing 

environment was kept constant at a comfortable 22°C by use of a Vent-Axia air 

cooling system. 

Discontinuous Cycle Ergometry Protocol 

On the first occasion each group performed a discontinuous effort production 

protocol (production trial 1) on a mechanically braked (Monark 824E) cycle 

ergometer (Figure 23). Each subject was fitted with a radio telemetry system (Polar 

Fitwatch, CE0537, Finland) with added aqua conductivity gel, for monitoring heart 

rate. Immediately prior to exercise, subjects were re-introduced to either the CALER 

Scale (Group 1) or BABE Scale (Group 2) and given standard instructions concerning 

its use and the purpose of the test. Common to both groups was the requirement to 

regulate exercise intensity to match a range of three effort rating levels (randomly 

presented for each child); 3, 5 and 8. Each production trial commenced with a 3-

minute 50 W warm-up (50 rpm against a resistance of 1.0 kg), followed by a 2.5-

minute rest. Each subject then instructed the experimenter to adjust the cycling 

resistance (to add or subtract weights in multiples of 0.1, 0.5 or 1.0 kg units), in 

accordance with the specified perceived levels (Figure 24). 
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Figure 23 : 
Child performing the discontinuous 

cycle ergometry protocol 

Figure 24: 
Child performing the discontinuous cycle 

ergometry protocol: Adjustment of 
the cycling resistance 

The number of revolutions per minute were kept constant at 50 rpm. The 

cycle ergometer was fitted with wooden pedal blocks (to accommodate the shortest 

children). A metronome (Seiko DM-33, Taiwan) was used to ensure constant 

pedalling rate. A 'shield' was placed to hide the weights being applied to the basket 

by the experimenter throughout the testing. The children were allowed 2 minutes to 

settle on the appropriate resistance, before cycling for a further 1 minute at the 

designated intensity. These intensities were recorded as power output, expressed in 

watts. Heart rate was recorded at the end of the third minute as recommended by 

Lamb et al. (1997). The load in the basket was also recorded at this time in order to 

calculate power output (W). Exercise bouts were interspersed with a 2.5-minute rest 

period. Following completion of the protocol, each child performed a 3-minute cool 

down, cycling at 25-50 rpm against no resistance. Production trial 2 (T2) and 
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Production trial 3 (T3) were performed at one week intervals to assess the test-retest 

reliability of each scale during cycling mode. 

Intermittent Stepping Protocol 

Following completion of the cycling protocol, Group 1 (CALER) and Group 

2 (BABE) then performed an intermittent effort production stepping protocol, with 

data collection for both groups taking place on the school premises on three occasions, 

one week apart. One week prior to testing, the children were re-introduced to the 

CALER (Group 1) and BABE (Group 2) Scales and test methodology. The children 

then practised the correct stepping cadence with and without a loaded backpack. 

Subjects were tested individually, and were required to wear a radio telemetry system 

(Polar Fitwatch CE0537, Finland) with added aqua conductivity gel, for monitoring 

heart rate. The stepping protocol used has been described by Williams et al. (1993; 

1994). Warm-up prior to the test consisted of 3-minutes low-intensity exercise which 

helped to familiarise subjects with the testing conditions and decrease anxiety. 

Subjects performed an intermittent effort production protocol that required them to 

step on to and down from a gymnasium bench 0.30m high to a cadence of 25 steps per 

minute, provided by a metronome (Seiko DM-33, Taiwan). Ratings of perceived 

exertion were manipulated by increasing body weight by loading a backpack fitted to 

the subject (Figure 25). 
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Figure 25: Child performing the intermittent stepping protocol 

Backpack loads were calculated and selected by the children according to 0, 

5, 10, 15, 20 and 25% body mass. Common to both groups was the requirement to 

adjust their exercise intensity (loading) by instructing the experimenter to add or 

remove weight from the backpack until they reported a range of three effort rating 

levels (randomly presented for each child); 3, 5 and 8. When the subject reported that 

the intensity level and loading were the same, stepping continued for a further I­

minute and heart rate recorded at the end of this period. Exercise bouts were 

separated by a 2.5-minute rest period. Power output was estimated via the equations 

of Hanne (1971) (Chapter 3, section 2.2). Following completion of the protocol, each 

child performed a 3-minute cool down consisting of low-intensity exercise. 

Production trial 2 (T2) and Production trial 3 (T3) were performed at one week 

intervals in order to obtain a measure of the consistency of effort production with each 

scale during stepping mode. 
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2.3 Analysis of Data 

Data were analysed using mixed factorial ANOV As [Group (2) x Mode (2) x 

Trial (3)] on heart rate and power output, applied to each of the three effort rating 

levels (3, 5 and 8). In addition, a mixed factorial ANOVA on trial 3 data [Group (2) x 

Mode (2) x Level (3)] on heart rate and power output, with repeated measures on each 

of the last two factors (Appendix E). Post hoc comparisons were analysed where 

appropriate using the Tukey test in order to identify any significant interactions or 

main effects. Intraclass correlation coefficients (ICCs) and the 95% limits of 

agreement (LoA) were calculated to give a quantitative indicator of the overall test­

retest reliability (Tl, vs T2, vs T3) of effort production between trials using the 

CALER and BABE Scales. The LoA calculated the mean difference (bias) and the 

95% limits of agreement(± 2 S.D. of the bias) between repeated trials. 

In order to explore whether the scales were intra- or intermodal, the 

coefficient of variation (%) was calculated on power output and heart rate data for 

CALER and BABE during the cycling and stepping tasks (Appendix F). Furthermore, 

following indication from the first study that given the choice children may prefer to 

use the BABE Scale, a Chi-squared analysis was performed on questionnaire data in 

order to explore the children's scale preference. 

Femur length was determined using data derived from orthoroentgenograms 

(Anderson et al. 1948, 1978) and calculated hip angles determined from the geometric 

relationship of an individual's stature and femur length (Francis et al., 1998). 

Statistical procedures examined the relationship between children (n=ll) with a pre­

calculated inefficient hip angle outside 82 ° (± 3°) Francis et al. (1998), and the 

variability in their effort production during the stepping task. All analyses were 

performed using SPSS 9.0, Excel 5.0 and Supastat 3.2. statistical packages. 
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3. RESULTS 

Subject characteristics are shown in Table 20. A series oft-tests confirmed 

that there were no significant differences between the biometric data of the two groups 

(CALER) and (BABE). 

Table 20: Subject Characteristics (Means and Standard Deviations) 

Measure CALER (n=15) BABE (n=15) t ratio All (n=30) 

M S.D M S.D P>0.05 M S.D 
Age (y) 9.70 1.50 9.80 1.50 -0.12 9.80 1.50 
Stature (m) 1.38 0.06 1.40 0.09 -0.82 1.39 0.08 
Mass (kg) 29.70 3.70 33.50 6.90 -1.89 31.60 5.80 
Resting HR (b/min) 98.00 8.00 95.00 12.00 0.77 97.00 10.00 
Cale. Hip Angle (0

) 80.30 2.65 79.70 3.60 0.64 80.00 3.12 

Group mean (±S.D) heart rates and power outputs at each of the three effort 

rating levels (3, 5, 8) are presented in Table 21 for the Stepping Protocol and Table 22 

for the Cycling Protocol. 

Table 21: Heart Rates and Power Outputs produced Across Trial 1 to Trial 3 at 
each prescribed perceived effort level (Stepping Protocol). Values are mean 
(±S.D). 

CALER BABE 

Effort Level 3 5 8 3 5 8 
Heart Rate (b/min) 153 163 173 156 165 175 
(S.D) (14.0) (15 .0) (15.4) (14.2) (15 .7) (14.7) 
Power Output (W) 52 55 58 58 61 64 
(S.D) ~6.52 (6.6) (6.9) (11.32 ~11 .92 (12.4) 
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Table 22: Heart Rates and Power Outputs produced Across Trial 1 to Trial 3 
at each prescribed perceived effort level (Cycling Protocol). Values are mean 
(± S.D). 

CALER BABE 

Effort Level 3 5 8 3 5 8 
Heart Rate (b/min) 155 168 180 156 171 183 
(S.D) (16.3) (15 .1) (12.5) (18.9) (17.6) (16.5) 
Power Output (W) 55 71 85 56 73 87 

!S,Dl (7.5) (8.9) ~10.4) ~9.4) ~10.8) (13 .2) 

Table 23 summarises the group values for CALER (mean heart rates and 

power outputs) across three trials at each of the three effort rating levels (3, 5, and 8). 

Values shown are for the cycling and stepping protocols. 

Table 23: Heart Rates (HR) and Power Outputs (PO) by perceived effort level 
and Trial (CALER). Values are mean(± S.D). 

CALER GROUP Cycling Protocol Stepping Protocol 
Effort Level Trial HR (b/min) PO(W) HR (b/min) PO(W) 

3 1 157.3 (18.8) 54.0 (5 .7) 154.4 (12.3) 52.4 (6.6) 
2 152.3 (16.6) 53 .7 (5 .5) 153.l (14.8) 52.8 (6.6) 
3 156.7 (13.9) 58.3 (9.9) 150.8 (15.4) 52.3 (6.7) 

5 1 171.1 (16.6) 69.0 (6.3) 163.6 (13.3) 55.0 (6.9) 
2 164.3 (15.3) 69.7 (8.8) 162.8 (14.8) 55.3 (6.6) 
3 167.9 (13 .5) 74.3 (10.7) 161.9 (17.7) 55.0 (6.6) 

8 1 181.3 (13.4) 84.3 (10.7) 173.5 (13 .5) 57.7 (7.0) 
2 178.3 (12.6) 83 .7 (10.3) 173.0 (16.4) 57.7 (6 .9) 
3 180.7 (12 .2) 86.7 (10.8) 171.l (16.9) 57.8 (7 .1) 

Overall 1 169.9 (18 .9) 69.1 (14.7) 163.8 (15.0) 55.1 (7.0) 
2 165.0 (18.1) 69.0 (14.9) 163.0 (17.1) 55.3 (6.9) 
3 168.4 (16.3) 73.1 (15 .6) 161.3 (18.3) 55.0 (7.0) 

Table 24 summarises the group values for BABE (mean heart rates and power 

outputs) across three trials at each of the three effort rating levels (3 , 5, and 8). Values 

shown are for the cycling and stepping protocols. 
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Table 24: Heart Rates (HR) and Power Outputs (PO) by Perceived Effort Level 
and Trial (BABE). Values are mean(± S.D). 

BABE GROUP C;ycling Protocol Ste~~ing Protocol 
Effort Level Trial HR (b/min) PO(W) HR (b/min) PO(W) 

3 1 152.3 (19.8) 52.3 (5.3) 155.8 (13.8) 57.6 (11.3) 
2 157.8 (18.7) 56.7 (10.3) 154.4 (13 .2) 58.4 ( 11.9) 

3 158.9 (18.7) 59.7 (10.6) 158.0 (16.3) 59.0 (11 .5) 

5 1 171.6 (17.3) 72.0 (10.1) 164.3 (15.6) 60.9 (12.0) 
2 170.1 (19 .7) 73.3 (13.0) 163 .1 (13.4) 61.2 (12.4) 
3 170.8 (17 .0) 73.7 (9.5) 167 .0 (18.5) 61.8 (12.1) 

8 1 183.5 (17.6) 87.3 (12 .2) 174.2 (15.5) 63.8 (12.3) 
2 182.1 (17.6) 88.0 (15 .9) 172.7 (11.6) 63 .9 (13.0) 
3 182.1 (15.2) 86.3 (11.9) 177.3 (17.1) 64.7 (12 .7) 

Overall 1 169 .1 (22.1) 70.6 (17.3) 164.8 (16.5) 60.7 (11.9) 
2 170.0 (20.8) 72.7 (18.3) 163.4 (14.6) 61.2 (12.4) 
3 170.6 (19.2) 73.2 (15.2) 167.4 (18.7) 61.8 ~12.1) 

3.1 Analysis of heart rate and power output differences between levels 

Heart Rate 

A Group (2) x Mode (2) x Level (3) ANOV A on trial 3 data revealed a highly 

significant main effect for Level on heart rate data (F2,s6 = 1198.69, P<0.001). Post 

hoc analysis (Tukey HSD) revealed that the differences between heart rates at effort 

ratings of 3, [155 bpm (15.9)], 5 [167 bpm (16.1)] and 8 [177 bpm (15.2)] were 

significant (P<0.01). This confirmed that the children understood the concept of the 

scales. ANOVA also revealed a significant main effect for Mode (F1 ,2s = 5.50, 

P<0.05), with higher overall mean heart rates achieved during the cycling protocol 

[169 bpm, (19.2)] than the stepping protocol [164 bpm, (16.7)]. There was also a 

significant interaction of Mode x Level on heart rate (F2,56 = 10.99, P<0.01). Post hoc 

analysis (Tukey HSD) revealed no significant difference between heart rates produced 

at an effort rating level of 3 for cycling and stepping, but heart rates for the stepping 

protocol were significantly lower (P<0.01) at effort rating levels of 5 and 8 than those 

produced during the cycling protocol (Figure 26). This shows that the increase in 
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heart rate is moderated by the mode of exercise, being greater for cycling compared to 

stepping. There were no significant differences in heart rates between the CALER 

and BABE groups. 
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Figure 26: Interaction Graph: Heart rate response at effort production levels (5 
and 8) is moderated by the mode of exercise. (Values are mean± SEM). 

Power Output 

A Group (2) x Mode (2) x Level (3) ANOV A on trial 3 data revealed a 

significant main effect for perceived exertion level on power output (F2,s6 = 593.87, 

P<0.001). Post hoc analysis (Tukey HSD) revealed that power outputs at effort rating 

Level 3, [55.6 W (9)], Level 5 [65.1 W (12)] and Level 8 [73.5 W (17)] were 

significantly different (P<0.01). This provided additional confirmatory evidence that 

the children understood the concept of the scales. ANOV A revealed a significant 

main effect for Mode (F1,2s = 39.97, P<0.01), with significantly higher (P<0.01) mean 

power outputs achieved during the cycling protocol [71.3 W, (16)] than the stepping 
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protocol [58.2 W, (1 O)]. There was also a significant interaction of Mode x Level on 

power output (F2,s6 = 287.13, P<0.001). Tukey HSD revealed no significant 

difference between power outputs produced at an effort rating level of 3 for cycling 

and stepping, but power outputs for the stepping protocol were significantly lower 

(P<0.01) at effort rating levels of 5 and 8 than those produced during the cycling 

protocol (Figure 27). This shows that the increase in power output is moderated by 

the mode of exercise, being greater for cycling compared to stepping. There was no 

significant difference in power outputs between the CALER and BABE groups. 
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Figure 27: Interaction Graph: Power output response at effort production levels 
(5 and 8) is moderated by the mode of exercise. (Values are mean ± SEM) 
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3.2 Analysis of heart rate and power output within trials 

A Group (2) x Mode (2) x Trials (3) ANOV A on heart rate and power output 

was applied to each of the three effort rating levels (3, 5 and 8). This analysis was 

chosen in order to determine consistencies of effort ratings over trials. 

Heart Rate at Effort Rating Level 3 

There was no significant difference between the heart rates produced during 

the cycling and stepping protocols at an effort rating level of 3 (Easy). There were no 

significant main effects or interactions at this effort rating level. 

Heart Rate at Effort Rating Level 5 

ANOVA revealed a significant main effect for Mode (F1,2s = 5.61, P<0.05). 

Mean heart rate for the cycling protocol [169 bpm, (16.4)] was significantly higher 

than the mean heart rate produced during the stepping protocol [164 bpm, (15.3)]. 

Heart Rate at Effort Rating Level 8 

ANOVA revealed significant main effect for Mode (F1,2s = 13.01, P<0.01). 

Mean heart rate for the cycling protocol [181 bpm, (14.6)] was significantly higher 

than the mean heart rate produced during the stepping protocol [174 bpm, (15)]. 

Apart from the main effects and interactions already reported above, there 

were no main effects for trial and no interactions which included trial for effort rating 

levels 3, 5 and 8. 

Power Output 

Power Output at Effort Rating Level 3 

ANOV A revealed a significant main effect of Trials on Effort Rating 3 (F2,s6 

= 8.63, P<0.01). Tukey post hoc analysis revealed a significant difference (P<0.05) 

between the power output produced during Trial 1 and Trial 3 only. This provided 
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confirmatory evidence that practice improved the consistency of ratings of exercise 

effort. There was also a significant interaction for Mode x Trials (F2,s6 = 6.54, 

P<O.O 1) (Figure 28). 
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Figure 28: Interaction between Mode of exercise and Trials on Power Output at 
perceived effort rating level of 3 (Easy). (Values are mean ± SEM). 

Tukey post hoc analysis revealed a significant difference in power outputs 

produced during the cycling protocol between Trial 1 [52.3 W, (6)] and Trial 3 [59.0 

W, (10)] (P<0.01), and between Trial 2 [55.2 W, (8)] and Trial 3 [59.0 W, (10)] 

(P<0.05). There were no other significant main effects or interactions. 

Power Output at Effort Rating Level 5 

ANOVA revealed a significant main effect for Mode (F1 ,2s = 41.31 , P<0.001). 

Mean power output produced during the cycling protocol [72 W, (1 O)] was 

significantly higher (P<0.01) than the mean power output produced during the 

stepping protocol [58.2 W, (10)]. 
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Power Output at Effort Rating Level 8 

ANOVA revealed a significant mam effect for Mode (F1,2s = 114.63, 

P<0.001). Mean power output produced during the cycling protocol (86.1 W, (12)] 

was significantly higher (P<0.01) than the mean power output produced during the 

stepping protocol [60.9 W, (11)]. The children were more variable in their production 

of power output during the cycling protocol across trials at an effort rating level of 3 

(Easy), than at the higher levels of exertion of 5 (Starting to get hard) and 8 (Very 

hard). Power output across the three trials for the stepping protocol were found to be 

consistent. 

Critically, there was no significant interaction for Mode x Trials, indicating 

that power output was consistent within Mode (Cycling and Stepping) across Trials, at 

effort ratings levels 5 and 8. There were no other significant main effects or 

interactions. 

3.3 Reliability 

Intraclass Correlation Analysis 

Table 25 shows the intraclass reliability (ICC) values for power output and 

heart rate for the three effort rating levels (3, 5, 8) of CALER and BABE across trials 

during cycling mode. 
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Table 25: Individual Intraclass Correlation Coefficient (ICC) for Heart Rate 
and Power Output during Cycling Protocol for CALER and BABE across Trial 
1 (Tl) to Trial 3 (T3). 

(Cycling Heart Rate Power Out(!ut 
Protocol) Tl-T2 T2-T3 Tl-T2-T3 Tl-T2 T2-T3 Tl-T2-T3 

CALER3 0.56* 0.76 0.69 0.29* 0.63 ** 0.43 ** 
CALER5 0.77 0.76 0.73 0.82 0.56* 0.60 
CALER8 0.74 0.80 0.72 0.92 0.55* 0.65 
OVERALL 0.74 0.81 0.74 0.58 0.57 0.51 
BABE3 0.71 ** 0.93 0.78 0.31 * 0.69** 0.55 
BABES 0.85 0.88 0.86 0.81 0.64** 0.73 
BABES 0.88 0.88 0.87 0.78 0.77 0.76 
OVERALL 0.84 0.90 0.84 0.69 0.77 0.71 
All values P<0.001 unless otherwise stated 
** P<0.01 
* P<0.05 

Evidence to demonstrate that the children learned how to self-regulate 

exercise intensity is shown by the increase in the intraclass R values (heart rate) 

between trials. For example, at an effort production level of 3, the children in the 

CALER group improved their ability to reproduce heart rate from 0.56 between Trials 

1 and 2 to 0.76 between Trials 2 and 3. Intraclass R values for power output suggest 

that children improved in their ability to self-regulate exercise intensity at an effort 

rating level of 3, but did not improve reliability at effort rating level 5 or 8 using the 

CALER or BABE Scale (Table 25). Overall ICCs suggest that the BABE Group were 

more reliable than the CALER Group in their reproduction of heart rate and power 

output during the cycling exercise. 

Table 26 shows the intraclass reliability values for power output and heart 

rate for the three effort rating levels of CALER and BABE across trials during 

stepping mode. 
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Table 26: Individual Intraclass Correlation Coefficient (ICC) for Heart Rate and 
Power Output during Stepping Protocol for CALER and BABE across Trial 1 
(Tl) to Trial 3 (T3). 

(Stepping Heart Rate Power Output 
Protocol) Tl-T2 T2-T3 Tl-T2-T3 Tl-T2 T2-T3 Tl-T2-T3 
CALER3 0.75 0.75 0.73 0.97 0.99 0.98 
CALER5 0.86 0.80 0.82 0.98 0.99 0.98 
CALER8 0.81 0.84 0.84 0.99 0.99 0.99 

OVERALL 0.84 0.85 0.83 0.99 0.99 0.99 
BABE3 0.76 0.84 0.77 0.99 1.00 0.99 
BABES 0.85 0.89 0.84 0.99 1.00 0.99 
BABES 0.89 0.73 0.79 0.99 1.00 0.99 

OVERALL 0.88 0.87 0.84 0.99 1.00 0.99 
All values P<0.001 

For example, at an effort production level of 3, the children in the BABE 

Group improved their ability to reproduce heart rate from 0.76 between Trials 1 and 2, 

to 0.84 between Trials 2 and 3. Highly reliable results were produced for heart rate 

and power output for the CALER and BABE groups during the stepping task. 

Overall, the BABE group were slightly more reliable (Tables 25 and 26) in 

their production of exercise effort (heart rate and power output) across trials for the 

Cycling and Stepping protocol than the CALER group. For example, overall Tl -T2-

T3 R for power output during the Cycling protocol for BABE was R = 0.71 vs. 

CALER overall R = 0.51. 
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Limits of Agreement Analyses 

Tables 27 and 28 show the bias ± 95% Limits of Agreement (LoA) (Bland 

and Altman 1986, 1995) for power output for CALER and BABE at effort rating 

levels 3, 5 and 8, for the Cycling and Stepping Protocols respectively. Tables 29 and 

30 show the bias± 95% LoA for heart rate for CALER and BABE at effort rating 

levels 3, 5 and 8, for the Cycling and Stepping Protocols respectively. 

Table 27: Limits of Agreement (LoA) for CALER and BABE across Trial 1 (Tl) to 
Trial 3 (T3) for Power Output, showing Bias with 95% Limits of Agreement in brackets 
(Cycling Protocol) 

CALER BABE 
Effort Level Tl-T2 T2-T3 Tl-T2 T2-T3 

3 0.3 -4.7 -4.3 -3.0 
(±2x6.7) (± 2 X 6.9) (±2x9.6) (± 2 X 8.2) 

5 -0.7 -4.7 -1.3 -0.3 
(± 2 X 4.6) (± 2 X 9.2) (±2x7.2) (±2 X 9.7) 

8 0.7 -3 .0 -0.7 1.7 
(± 2 X 4.2) (± 2 X 10.0) (±2x9.4) (±2 X 9.6) 

Overall LoA 0.1 -4.1 -2.1 -0.5 
(±2x5.2) (± 2 X 8.6) (± 2 X 8.8) (± 2 X 9.2) 

Table 28: Limits of Agreement (LoA) for CALER and BABE across Trial 1 (Tl) to 
Trial 3 (T3) for Power Output, showing Bias with 95% Limits of Agreement in brackets 
(Stepping Protocol) 

CALER BABE 
Effort Level Tl-T2 T2-T3 Tl-T2 T2-T3 

3 -0.34 0.5 -0.82 -0.61 
(± 2 X 1.5) (± 2 X 1.0) (± 2 X 1.4) (±2xl.1) 

5 -0.3 0.3 -0.28 -0.61 
(± 2 X 1.3) (± 2 X 0.9) (± 2 X J.3) (±2xl.l) 

8 0.0 0.02 -0.13 -0.82 
(± 2 X 1.2) (± 2 X 1.0) (± 2 X 1.5) (± 2 X 1.2) 

Overall LoA -0.2 0.3 -0.4 -0.7 
(± 2 X 1.3) (± 2 X 1.0) (± 2 X 1.4) (±2xl.1) 
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Table 29: Limits of Agreement (LoA) for CALER and BABE across Trial 1 {Tl) to 
Trial 3 (T3) for Heart Rate, showing Bias with 95% Limits of Agreement in brackets 
(Cycling Protocol). 

CALER BABE 
Effort Level Tl-T2 T2-T3 Tl-T2 T2-T3 

3 5.0 -4.4 -5.5 -1.1 
(± 2 X 16.6) (± 2 X 10.6) (± 2 X 14.7) (±2x7.l) 

5 6.8 -3.6 1.5 -0 .7 
(± 2 X 10.8) (±2x9.9) (± 2 X 10.1) (± 2 X 9.0) 

8 3 .1 -2.4 1.4 0.1 
(± 2 x 9.4) (± 2 X 7.8) (± 2 X 8.7) (±2x8.l) 

Overall LoA 5.0 -3.5 -0.8 -0.6 
(± 2 X 12.5) (± 2 X 9.3) (± 2 X 11.7) (±2x7.9) 

Table 30: Limits of Agreement (LoA) for CALER and BABE across Trial 1 {Tl) to 
Trial 3 (T3) for Heart Rate, showing Bias with 95% Limits of Agreement in brackets 
(Stepping Protocol). 

CALER BABE 
Effort Level Tl-T2 T2-T3 Tl-T2 T2-T3 

3 1.1 2.3 1.5 -3.6 
(± 2x9.6) (± 2 X 10.6) (± 2 X 9.4) (± 2 X 8.4) 

5 0.8 0.1 1.1 -3 .9 
(± 2x7.5) (± 2 X 10.6) (± 2 X 8.1) (± 2x7.7) 

8 0.5 1.9 1.5 -4.5 
(± 2 X 9.3) (±2x9.4) (± 2 X 6.5) (± 2 X 10.7) 

Overall LoA 0.8 1.5 1.4 -4.0 
(± 2 X 8.7) (± 2 X 10.0) (±2x7.9) (± 2 X 8.8) 

The LoA analyses, together with the ICC results provide a more 

comprehensive picture of scale reliability. In general, results indicate that the 

reliability to reproduce effort over the three trials improved with practice for both 

groups for the cycling protocol. For example, at an effort production level of 3, Trial 

2 vs. Trial 3 (Table 27), the BABE group reproduced a power output of between - 3.0 

± 16W i.e. , within a range of I9W lower or 13W higher than the power output 

produced in Trial 2. However, the CALER group did not show improved production 

of power output across trials for the cycling protocol (Table 27). The Overall LoA for 

heart rate for both groups during the cycling protocol showed improvement in 
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reliability across trials. For the stepping protocol, production of effort (heart rate) did 

not improve with practice across trials for either the CALER or BABE groups (Table 

30). Whereas, the production of effort (power output) during the stepping protocol 

(Table 28) generally remained consistent for both groups across trials. This could be 

attributed to the way in which power output production was manipulated in the 

stepping protocol employed (using percent body mass backpack loadings). For the 

stepping protocol, 5 subjects in the CALER group and 6 subjects in the BABE group 

had pre-calculated hip angles outside 82° +/- 3° (optimal efficiency) (Francis et al., 

1998). Analysis of individual 95% LoA showed that these children were not more 

variable in their production of effort over trials, with results falling within the 95% 

LoA. These findings are supported by the ICC results (Table 26), which indicate that 

both groups were highly reliable in their production of exercise effort across trials. 

3.4 Coefficient of Variation 

Figures 29 and 30 show the coefficient of variation ([S.D/ Mean] x 100) % on 

power output and heart rate data for CALER and BABE during cycling and stepping 

tasks ( trial 3 data). 
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Figure 29: Coefficient of variation (Power Output) 
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Figure 30: Coefficient of variation (Heart Rate) 

CALER produced slightly lower variance in power output (12.6%) compared 

to BABE (19.6%) during the stepping task (Figure 29). During the cycling task the 

variances were shown to be similar for each group, [CALER (21.4%) and BABE 

(23.4%)]. BABE produced similar variance (10.1%) compared to CALER (10.3%) 

for heart rates during the stepping task (Figure 30). During the cycling task the 

variances in heart rate were also similar; BABE (12.1%) and CALER (10.6%) 

respectively. These results show that both scales provide similar results across 

exercise modalities, indicating that either effort rating scale may be used during 

cycling or stepping tasks. If the scales were found to be mode- specific i.e. the 

CALER Scale being more reliable for use during cycling tasks, and the BABE Scale 

being more reliable for use during stepping tasks, then one would expect the variances 

to be markedly different as indicated in Figure 31 . 
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Figure 31: Expected Variances to indicate Effort Rating Scales are Intramodal 

3.5 Preference by Children 

Following the initial validation study (Chapter 3), it became evident that 

children seemed to prefer the BABE Scale, with many children disappointed not to be 

assigned to the BABE group. The BABE Scale was developed to appeal to children, 

particularly as it contained characters that were similar to characters depicted in the 

then recent Walt Disney film 'A Bug's Life', the central characters being familiar to 

most children. During informal discussion in the introductory session, reasons for 

their preferred choice included that the scale was ' fun-looking' and 'interesting' due 

to use of colours, and the character association with the hit movie ' A Bug' s Life' , 

which all participants were familiar with. 

Following the present study, a questionnaire was issued to all participants 

(Appendix G 1 ). The purpose of this simple questionnaire was to collect quantitative 

data to confirm if effort rating scale preference existed. The questionnaire was issued 

under examination conditions to the children in the classroom by their form tutor who 

explained the need to answer the question truthfully. Children were asked ' if you 
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were to complete the exercises again, which scale would you prefer to use the CALER 

or BABE Scale?' 

They then indicated their choice by placing a tick next to a photocopy­

reduced version of the appropriate effort rating scale. Eight out of the thirty children 

participating in the study had since progressed to secondary school, in these cases 

questionnaires were forwarded by post. Out of the 30 children who participated in the 

study, 29 questionnaires were returned, (a response rate of 97%). The questionnaire 

results revealed that 3/15 (20%) of children who had previously used the BABE scale 

chose the CALER; 9/14 (64%) of children who had previously used the CALER chose 

the BABE scale; 12/15 (80%) of children who had previously used the BABE scale 

still preferred to use the BABE; and 5/14 (36%) of children who had previously used 

the CALER scale still preferred to use the CALER. 

Chi Squared Analysis 

A Chi-squared analysis was conducted on the data and revealed a Chi­

Squared x2 value of 4.171 > 3.841 with ldf, (P<0.05) (Appendix G2). The 

independent variables for the Chi-Squared analysis were Scale Used and Scale 

Preference. The results indicated a significant difference (p<0.05) between the 

CALER and BABE groups with regards to preferred choice of effort rating scale. The 

BABE group showed a higher retention (80%) compared to the CALER group (36%), 

with less children wishing to change from having previously used the BABE scale to 

using the CALER scale (20%). A significantly higher (p<0.05) percentage of children 

wished to change from having previously used the CALER scale to using the BABE 

scale (64%). These results suggest that the most appropriate effort rating scale to use 

in an external validity study would be the BABE scale, which appears to be preferred 

by most children. 
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4. DISCUSSION 

Results from this study show that children aged 7-11 years were able to 

regulate exercise efforts during intermittent cycle ergometry and stepping tasks (with 

randomised order of levels) by applying their understanding of the CALER or BABE 

Scale. This study has also confirmed that the CALER and BABE child-specific effort 

rating scales may be used interchangeably. Results have shown that both scales 

provide similar consistencies within exercise modes, suggesting that either scale could 

be employed with paediatric subjects. 

The increase in power output (56, 65, and 74W at effort rating levels 3, 5 and 

8 respectively, F2,s6 = 593.87, P<0.01) and increase in heart rate (155, 166 and 177 

bpm at effort rating levels 3, 5 and 8 respectively, F2,s6 = 1198.69, P<0.01) confirmed 

that the children understood the effort-rating scales. Heart rates (P<0.05) and power 

outputs (P<0.01) were significantly higher for the cycling protocol than the stepping 

protocol, irrespective of the scale used. ANOV A revealed a significant interaction of 

Mode x Trials on power output (F2,56 = 6.54, P<0.01). Tukey post hoc analysis 

revealed that children were more variable in their production of power output during 

the cycling protocol across trials at an effort rating level of 3 (Easy), than a{ higher 

levels of exertion 5 (Starting to get hard) and 8 (Very hard). Power outputs across 

three trials for the stepping protocol were found to be consistent. 

The Intraclass Correlation Coefficient showed a general trend of increasing 

reliability across trials. This concurs with previously reported data for power output 

production during a cycling protocol (Eston et al., 2000), and demonstrates that the 

children had learned how to self-regulate exercise intensity. However, for the 

stepping protocol (heart rate data), the limits of agreement analyses showed that 

practice did not enhance children's production of exercise effort across trials. There is 
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a lack of research on the reliability of children's effort production during intermittent 

stepping protocols. However, anomalous reliability results obtained from this study 

might suggest that children aged 7-11 years require more than three effort production 

trials during intermittent stepping (and cycling) protocols to achieve highly reliable 

results. Eston et al. (2000) highlighted the importance of three or more trials in the 

production of highly reliable exercise efforts in children aged 7 to 10 years during 

intermittent cycle ergometry tasks. 

This study has demonstrated that the CALER and BABE scales may be 

applicable to a variety of exercise environments. The development of additional scales 

to accommodate different modes of exercise may therefore not be necessary. 

In the first study of its kind, results have demonstrated that the CALER and 

BABE scales are intermodal. Either scale may be used for cycling or stepping tasks 

with children aged 7-1 lyears. Results have shown that both scales provide valid and 

reliable measures of effort (heart rate and power output) production across exercise 

modes. This study has provided evidence that the BABE scale is a valid and reliable 

tool for quantifying children's effort perception and for regulating exercise output. 

Questionnaire results confirmed that most children would prefer to use the BABE 

scale rather than the CALER scale, in future exercise sessions. The BABE Scale is 

also more pictorially representative of a range of ambulatory movements. External 

validity studies with children should therefore incorporate the BABE scale into the 

design. 
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CHAPTER6 

Use of the BABE Scale to Regulate Exercise Intensity in 
Circuit Training Classes for Children 
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1. INTRODUCTION 

Although low levels of physical activity in children have been acknowledged as 

a potential health problem by researchers, and school physical education lessons have 

been identified as an area where improvements could be made (Public Health Service, 

1991), little has been done. Inactivity increases the risk of heart disease, back pain, weak 

and fragile bones, and obesity in adulthood. Overweight in youth is associated with 

overweight in adulthood (Serdula et al., 1993; Guo et al., 1994), and obesity or 

overweight in childhood has been linked to subsequent morbidity and mortality in 

adulthood (Hoffmans et al., 1988; Nieto et al., 1992). There is some evidence that 

physical activity in childhood can play a role in reducing the development of risk factors 

for coronary heart disease, including elevated blood pressure, high cholesterol levels and 

obesity (Boreham and Riddoch, 200 I). 

In the late I 990's suggestions were emerging that an appropriately designed, 

delivered and supported physical education curriculum could enhance current levels of 

children's physical activity and improve physical skill development through the concept 

of health-related exercise in the national curriculum (Piemon et al., 1996; Harris, 1997). 

Schools are important in the provision and promotion of physical activity programmes 

because they reach virtually all young people, and facilities are available all year round. 

For many children, physical activity is not an integral part of every day life. 

Ways of increasing their activity levels need to be explored. One possibility is to 

encourage children to walk or cycle to school instead of coming by car or bus. Physical 

education lessons in schools play a vital role in educating and motivating children. For 

some children, these lessons might be the only regular opportunity for physical activity. 
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Child-specific effort rating scales could be incorporated into physical education lessons 

to encourage physical activity in children, as well as having the desired effect of 

introducing a theoretical aspect into physical education lessons. Such a tool could help 

children understand why exercise makes them feel the way they do, an aim set out by the 

Department for Education and the Welsh Office Education Department (1995). 

Inactive children tend to become inactive adults (Allied Dunbar National Fitness 

Survey, 1992). The concern is that inactivity in childhood will lead to inactivity in 

adulthood and subsequent increased risk of developing the risk factors for cardiovascular 

disease (Riddoch et al., 1991). People who exercise regularly in their youth are more 

likely to exercise in later years. However, there is a lack of research tracking physical 

activity levels from childhood into adulthood, which could be due to the time and 

resources required to conduct such longitudinal studies. The Allied Dunbar National 

Fitness Survey conducted by the Sports Council and the Health Education Authority 

(1992) revealed that 25% of those who were active between the ages of 14 to 19 were 

still currently very active. Whereas, of those who had been inactive between the ages of 

14 to 19, only 2% were currently active. Data from the survey recommend that an active 

lifestyle and the benefits of physical activity need to be promoted at an early age. Susan 

Lewis, the chief inspector of education and training in Wales highlighted in the 2000-

2001 report that school children were not interested in physical education, which supports 

the literature that children are in danger of becoming couch potatoes. 

The concept of health-related fitness in the curriculum was increasingly 

identifiable in schools in the early 1980s, in response to recognition of the links between 
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lack of physical activity, serious disease and mortality. Schools such as Forest School in 

England (Kirk, 1986a) implemented health-related fitness initiatives to increase student's 

interest and enjoyment in physical education lessons. 'Health-Related Exercise' became 

the favoured terminology in the late 1980s, as schools were encouraged to incorporate 

health-related concepts into the physical education curriculum. Health-Related Exercise 

(HRE) is exercise that is associated with health benefits such as an improved ability to 

perform daily activities and a reduced risk of hypo kinetic diseases, such as coronary heart 

disease. Within an educational context, the term 'HRE' refers to knowledge, attitudes, 

skills and understanding considered essential for the promotion of an active lifestyle 

(Harris, 2000). 

The Health-Related Exercise (HRE) National Working Group was established as 

a consequence of debates on how health-related exercise was delivered in schools. The 

group was formed partly as a consequence of inspection findings relating to health­

related exercise in England and Wales in the mid 1990's, and also in response to 

comments expressed at national conferences on Physical Education and Health of the 

Nation, Higher Education Institutes and school network meetings. 

The HRE working group comprises approximately 15 invited representatives and 

individuals from higher education, the advisory service, primary and secondary schools, 

and key organisations. Such organisations include the Physical Education Association 

U.K (PEAUK), the Health Development Agency (HDA) (formerly the Health Education 

Authority), the Exercise Association, the British Association of Advisors and Lecturers in 

Physical Education (BAALPE) and the English Sports Council (now Sport England). 
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The main task of the group was to produce and disseminate 'HRE good practice 

guidelines' for primary and secondary school teachers. All schools are required to 

de! iver 'fitness and health' as a statutory component of the Physical Education National 

Curriculum. Understanding and educating children about the benefits of physical 

activity, undergoing positive exercise experiences, and learning to become independently 

active throughout their schooling can assist children in making informed decisions 

concerning physical activity as an integral part of their lifestyle. 

The National Curriculum for Physical Education in England and Wales states 

that HRE should be taught at each key stage (Harris, 2000). One of the four areas of 

experience within the key stage 4 programme of study is exercise activities (non­

competitive forms of exercise, such as step aerobics, jogging, weight-training, cycling, 

skipping and circuit training). Examples of attainment targets of HRE in the national 

curriculum for physical education in Wales at Key Stage 1 are that pupils should be 

taught to ' understand the changes that happen to their bodies as they exercise, to 

recognise the effects and to describe changes to their feelings (tired or more energetic)' 

(Harris, 2000). Child-specific effort rating scales could be employed by physical 

educators to encourage children to be more physically active during lessons and used as a 

tool for children to quantify and regulate their exercise intensity during such exercise 

activities. Indeed, recent research (Green and Lamb, 2000; Penney and Yelling, 2001) 

has strengthened a case for effort perception in applied settings by recommending ways 

in which children's effort perception could be incorporated as a tool for the delivery of 

aspects of health-related exercise within the National Curriculum for Physical Education 

in England and Wales. 
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Preliminary studies conducted for this thesis have highlighted the potential 

validity and reliability of the use of the BABE Scale to encourage physical activity in 

children. In addition, results have suggested that children specifically display a 

preference for using the BABE. 

The following study was designed to explore the efficacy of integrating the 

BABE Scale into six weeks of Physical Education classes ( circuit training) with primary 

school children aged 8 to 11 years. A further aim was to assess the ability of the children 

to regulate their exercise intensity in accordance with specific levels of the BABE Scale. 

The BABE Scale was chosen for this study since previous research had suggested that 

children preferred to use this scale compared to either the CERT or CALER Scale. The 

BABE Scale (and the pictures it depicts) may also be more applicable to a range of 

different circuit exercise activities (running, walking, stepping, hopping, skipping, 

jumping, marching), than other child-specific effort rating scales such as the OMNI Scale 

(Robertson and Noble, 1997) and CALER Scale (Eston et al., 1999) whose pictures are 

restricted to cycling. 

2. METHOD 

2.1 Subjects 

Data were collected on 15 children aged 8-11 years, representing 23% of a 

Primary School in Wiltshire, England. Descriptive characteristics are presented in Table 

31 . All children provided parental informed consent to participate in the study and were 

free from known contra-indications prior to testing. Ethical approval was granted from 

the South and West Region Medical Ethics Committee. 
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Measure 

Age (y) 

Stature (m) 

Mass (kg) 

2.2 Procedures 

Table 31: Descriptive Characteristics 

Boys, n = 10 
M S.D 

11.0 0.64 

1.42 

40.2 

0.08 

9.61 

Girls, n = 5 
M S.D 

10.7 0.77 

1.45 

35.8 

0.08 

6.00 

All, n = 15 
M S.D 

10.9 0.68 

1.43 

38.7 

0.08 

8.62 

One week before testing, the experimenter introduced the children to the Bug 

and Bag Effort (BABE) Scale and the exercise circuit. The experimenter completed 

demonstrations of each circuit station and allowed opportunity for children to practice at 

each station. The experimenter was able to answer any questions and make alterations to 

individual participant technique as necessary. Perceptual anchoring of the scale was 

achieved by the experimenter exposing the children to a range of intensities in the school 

sports hall involving simple stepping and running tasks used to set the perceptual anchor 

points at ' low' and 'high' levels (Figures 32 and 32a). 
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Figure 32: Perceptual anchoring of the BABE scale 
at an effort rating level of 3 (Easy) 

Figure 32a: Perceptual anchoring of the BABE scale 
at an effort rating level of 8 (Very hard) 
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Following perceptual anchoring of the scale, the experimenter explained how the 

verbal expressions should be interpreted in numerical form (Figure 33), and the children 

were given a copy of the BABE scale to study and keep. Data collection took place on 

the school premises in the sports hall on six occasions, one week apart. 

Figure 33: Explanation of verbal cues 

Circuit Design 

The circuit design is summarised in Table 32 and the layout shown in Figures 34 

and 34a. All exercise circuits were led by the experimenter and commenced with a five­

minute warm-up consisting of light marching, jogging and stepping tasks followed by 

stretches of the major muscle groups (Figure 35). The circuit consisted of ten stations, 

with four stations allowing for physical measurements of number of repetitions and 

pedometry counts. 
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In order to replicate a normal circuit training session, children exercised at each 

circuit station for 30 seconds, with a 60-second rest period between stations. The total 

duration for each session was 30 minutes, allowing children to complete two full circuits. 

Weeks one and two acted as test habituation. The children participated in the 

exercise circuit, led by the experimenter. The children were told 'we'll work at each 

station for 30 seconds .. . Go!' The BABE Scale was not used as part of the exercise circuit 

and no measurements were taken. 

Week three involved the children participating in the exercise circuit without use 

of the BABE Scale. The children were told 'we'll work at this station for 30 

seconds . .. Go! ' The number of repetitions from all participants at stations I to 4 were 

recorded by video analysis and number of steps taken recorded by use of Pedometers 

(Digi-walker SW-200, Yamax, Japan) during the 60-second rest period between stations. 

Week four involved the children participating in the exercise circuit with use of 

the BABE scale. Repetitions from all participants at stations 1 to 4 were recorded by 

video analysis and number of steps taken recorded by pedometers during the 60-second 

rest period between stations. Enlarged BABE scales at each circuit station clearly 

indicated (by use of an arrow) the level of effort production required (Appendix HI). 

The children were told 'look at what the Bug says, we'll work at this station for 30 

seconds . ... Go!' Table 32 shows the order of effort production level at these four stations. 

For example at station 1, all participants exercised during the first circuit at BABE 8, and 

the second circuit at BABE 3. Effort production levels for stations 5 to 10 are shown in 

Table 32. 

202 



Week five was a repeat of week three. The BABE scale was not used in the 

circuit and repetitions and pedometry counts at stations 1 to 4 were recorded. Week six 

was a repeat of week four. The children participated in the exercise circuit with use of 

the BABE scale. Repetitions from all participants at stations 1 to 4 were recorded by 

video analysis and number of steps taken recorded by pedometers during the 60-second 

rest period between stations. The order of effort production level at stations 1 to 4 was 

reversed (Table 32). For example at station 1, all participants exercised during the first 

circuit at BABE 3, and the second circuit at BABE 8. Effort production levels for stations 

5 to 10 are detailed in Table 32. Each of the six exercise circuit sessions included a five­

minute cool-down Jed by the experimenter and consisted of light marching, jogging and 

stepping tasks followed by two minutes of static stretching. 

Week 

2 

3 

4 

5 

6 

Station 
Number 

NIA 

NIA 

I 
2 
3 
4 
I 
2 
3 
4 

1 
2 
3 
4 
I 
2 
3 
4 

Table 32: Study Design 

Effort Production Level Measurements Additional Details 
Circuit 1 Circuit 2 

X X X Habituation 

X X X Habituation 

NIA NIA Repetitions at 
stations I to 4 
and pedometry 

8 3 Repetitions at Stations 5, 7 & 9 at 
3 8 stations 1 to 4 effort production 
8 3 and pedometry level 3, and stations 
3 8 6, 8 and 1 0 at effort 

production level 8 
NIA NIA Repetitions at 

stations l to 4 
and pedometry 

3 8 Repetitions at Stations 5, 7 & 9 at 
8 3 stations I to 4 effort production 
3 8 and pedometry level 3, and stations 
8 3 6, 8 and l O at effort 

production level 8 
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Figure 34: Circuit Design 
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Figure 34a: Circuit layout in school hall 

Figure 35: Preparing to participate in the circuit session: Warming-up 
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After completing the cool-down on weeks 3 to 6, children were issued with a self­

designed questionnaire adapted from McAuley and colleagues (1989) Intrinsic 

Motivation Inventory. The rationale for question selection arose from the strongest item 

as reported by McAuley et al. (1989), and modified from this, including pictorial and 

verbal anchors (see below). The purpose of the questionnaire was to obtain feedback 

regarding the circuit session in order to determine if significant differences in the intrinsic 

motivation levels of children occurred when the BABE scale was used as part of the 

exercise circuit (weeks 4 and 6) as opposed to when it was not used (weeks 3 and 5). 

Children were asked three questions, one from each area of Interest / Enjoyment, 

Perceived Competence and Effort-Importance, and reported by means of a rating system 

(Figure 36). 

Circuit Feedback 
Please tell me what you thought of the circuit exercises 
by answering the sentences below. Please circle one 
answer only for each question. 

1 1 really enjoyed this circuit session 

YOU BET' YEAH' DON·~ KNOW NO NC WAY 

2. I think I am pretty good at ci rcuits 

YOU BET' YEAH! DON'T KNOW NO' NOWAY! 

~ tnec ve·1 hare 111h11s1 coin£ this circuit 

Figure 36: Circuit Feedback Form 
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2.3. Analysis of Data 

Data was analysed using a two-factor Analysis of Variance with repeated 

measures design [Stations (4) x Effort Level (2)] on pedometry counts and repetitions for 

circuit training sessions with use of the BABE Scale. In addition, a [Stations (4) x Circuit 

(2)] repeated measures ANOV A on pedometry counts and repetitions when the BABE 

Scale was not employed (Appendix H2). This analysis was conducted in order to 

determine if children were more erratic in their production of exercise effort across four 

stations between two circuits without use of the BABE Scale. Post hoc comparisons 

were probed where appropriate using the Tukey test in order to identify any significant 

interactions or main effects. The Intraclass correlation coefficient (ICC) and 95% limits 

of agreement (LoA) analyses were calculated to give a quantitative indicator of the 

relationship between trials I and 2 for pedometry and repetitions at effort production 

levels 3 and 8. In addition, to determine if children were more erratic in their production 

of exercise effort when the BABE Scale was not used in the exercise session, reliability 

analyses were calculated for circuit 1 and circuit 2 test-retest on pedometry and 

repetitions. The data analysis methods were designed to answer the research hypotheses 

(2.4). All analyses were performed using SPSS version 9.0, Excel 5.0 and Supastat 3.2 

statistical packages. 
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2.4 Hypotheses 

H1: With use of the BABE Scale, children will produce significantly different pedometry 

counts and repetitions between effort levels 3 and 8, across four circuit stations. 

H2: Without use of the BABE Scale, children will produce significantly different 

pedometry counts and repetitions between circuit 1 and 2, across four circuit stations. 

H3: With use of the BABE Scale, children are significantly more reliable in their 

production of exercise effort (pedometry counts and repetitions) than without use of the 

BABE Scale, at levels 3 and 8 between trial 1 and trial 2. 
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3. RESULTS 

After qualitative analysis of repetitions from the video one child was excluded 

from the study due to tampering with the pedometer. 

3.1. With BABE Scale 

Figure 37 shows the circuit in progress with use of the BABE scale and Figure 

38 shows the four stations allowing for physical measurement; (Station I Shuttles, 

Station 2 Star Jumps, Station 3 Knee Raises, and Station 4 Step-Ups). 

Repetitions (by video analysis) 

A Stations (4) x Level (2) repeated measures ANOVA on trial 2 data (week 6) 

revealed a significant main effect for Stations (F3, 42 = 168.04, P<0.001). Tukey HSD 

revealed that mean results for repetition data were significantly different (P<O.O 1) 

between each of the four stations; Shuttle Runs (83), Star Jumps (37), Knee Raises (69) 

and Step-ups (20). 

ANOVA also revealed a significant main effect for Level (F1 , 14 = 40.07, 

P<0.001). Significantly higher (P<0.01) repetitions were recorded at an effort production 

level of 8 ' Very Hard' (58) on the exercise stations, compared to an effort production 

level of 3 'Easy' (46) using the BABE Scale. 
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Figure 3 7: Circuit session in progress with use of BABE Scale 

Figure 38: Circuit session in progress with the use of the BABE Scale. 
Four stations for physical measurement 

ANOVA revealed a significant interaction for Stations x Level on Repetition 

data (F3, 42 = 6.23, P<0.01) (Figure 39). Table 33 summarises the post-hoc comparison 

results . When the children used the BABE Scale as part of their circuit session they were 

able to produce significantly different (P<0.01) repetitions between an effort rating level 
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of 3 and 8 for the Knee Raise station, and significantly different (P<0.05) repetitions for 

effort rating levels of 3 and 8 for the Star Jump station. Qualitative analysis ofrepetitions 

from video evidence of the circuit sessions revealed that in general, the children 

displayed poor technique for the Knee Raise station at an effort production level of 3. 

For this 'Easy' effort rating level, some children did not complete a full knee lift, 

choosing instead to walk or march on the spot. Whereas, at an effort production level of 

8 'Very Hard', some children chose to sprint as fast as possible on the spot, exhibiting 

low knee lift. Qualitative analysis of the Star Jump station at an effort production level of 

8, revealed that children generally displayed improved jumping technique, compared to 

their techniques displayed at an effort production level of 3. 

There was no significant difference between the children's repetition data 

recorded at an effort production level of 3 and 8 for the Shuttle Run station and Step-up 

station. In general though, qualitative analysis of video evidence did reveal distinct 

differences between these two effort production levels. For example, on the Shuttle Run 

station at an effort production level of 3, some children chose to walk. Whereas, at an 

effort production level of 8 children were running / sprinting, driving hard with their 

arms, and some chose to adopt crouch starts! Likewise, at an effort production level of 8 

on the Step-up station the children generally stepped up onto and down from the 

gymnasium bench as fast as they could, whereas at effort production level of 3 some 

children stepped up onto and down from the bench at a light-walking pace. 
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Pedometry Counts 

A Stations ( 4) x Level (2) repeated measures ANOV A on trial 2 data revealed a 

significant main effect for Stations (F3, 42 = 13.36, P<0.001). Tukey HSD revealed that 

mean results for pedometry were significantly different (P<0.01) between the Shuttle Run 

station (100) and Star Jumps (84), Shuttle Run (100) and Knee Raises (82), and Shuttle 

Run (100) and Step-ups (74), with significantly higher (P<0.01) mean pedometry counts 

recorded on the Shuttle Run station. Tukey post-hoc comparisons revealed no significant 

difference between mean pedometry data recorded on the Star Jumps (84) and Knee 

Raises station (82) or between the Star Jumps (84) and Step-up station (74) or between 

the Knee Raises (82) and Step-up (74) station. 

ANOVA also revealed a significant main effect for Level (F1 , 14 = 45.09, 

P<0.001). Significantly higher (P<0.01) pedometry counts were recorded at an effort 

production level of 8 'Very Hard' (95) on the circuit stations, compared to an effort 

production level of 3 'Easy' (74) using the BABE Scale. 

ANOVA revealed a significant interaction for Stations x Level on Pedometry 

data (F3, 42 = 5.23, P<0.01) (Figure 40). Table 34 summarises the post-hoc comparison 

results. When the BABE Scale was used in the circuit training session, the children were 

able to produce significantly different (P<0.01) pedometry counts between an effort 

rating level of 3 and 8 for the Knee Raise station and Star Jumps station. Tukey HSD 

also identified significantly different (P<0.05) pedometry results between effort 

production levels of 3 and 8 for the Step-up station. However, tukey HSD identified no 

significant difference between the children's pedometry counts produced at an effort 
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rating level of 3 and 8 for the Shuttle Run station. This indicates that some children may 

have had difficulty in distinguishing between effort production levels for this particular 

station, thus confounding the results. 

Table 33: Tukey Post hoc comparison results: Stations x Level on Repetitions 

Means Star jumps Star jumps Knee raises Knceraixs 
Efl'ort (3) (8) (3) (8) 
·Levd 

O.S34 
S3.733••• 

38.666•0 

26.066••• 

... S4.267••• 
39.2 ... 

26.6 ... 
2.467 

... 15.067 .. 
27.667••• 

SJ.800••• 

... 12.6' ... J!i,73l ... 

... 24.133••• 

KEY: Arrows in the tablc indicate mcms 1:omparcd. Rault is 1hen iDlticated. 

••• - Significant at P<0.01 T (0.01) • 6.16 x ./116.IS/lS 
" • SiguificantltP<O.OS • 17.14 
• •Signi6cantatP<0.10 TIO.OS) •4.94x-l116.1S/1S 
T · -Post-hoc coqmison result • 13.7S 

T (0.10) "'4.39 X .Jt 16.15/15 
-12.22 
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Step-ups Step-ups 
(3) (8) 

••• 
S7.733 .. • 

68,73, .. 1,, 
S8.267••• 

14.467·· 
4.0 

IJI, 29534•-. 
19.067••• 

42.134' .. 
31.667••• ... 66.26,. .. : ss.aoo-•• 
10.467 



90 ~ ----- - -----------------------------, : :- __ ····-~~-~=~-~ 3:---·-- ---·-·~:~=-- -- ··---· _ .... ···-·- -· _.1 ~!J1,1nte_RU_1)S ---== 
15 .. -·-·-.. ·-·----·--------··--------·-···-------·-- -- ------------- --·---- --- Knee-Raises;-P<0.01. -

65 

35 ·----· 

30 -·--------.. - ... - ... , -··- - - •i:11--""""'---------
- · -··· - ·-···· .. --- -· ......... ~ .... step-ups ....... ----- . ... . 25 

20 ------- ~~~?~. ---==-·- ~- ~=--······-····· 15 · 

10 ,-----------------,- ----------------1 
3 Effort Production Level 8 

Figure 39: Interaction between Stations and Effort Production Level on 
Repetitions. (Values are Mean ± SEM) 

110 ---------------------------------~ 

105 - - -- -Ib_;;;;;;;;;; __ ;;;;;;iiii,iii ___ • - _ -- ~ - ~ - ~ ·--·-~- --I-~~--tt~~ ~~ns_· ~: 
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3 Effort Production Level 8 

Figure 40: Interaction between Stations and Effort Production Level on Pedometry 
data. (Values are Mean ± SEM) 

Where indicated P = Significant difference between effort level 3 and 8. 
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Table 34: Tukey Post hoc comparison results: Stations x Level on Pedometry 

Means Shuttle nms Star jumps &arjumps Knee raises Knee l'1lises Step-ups 
Efl'ort (3) (3) (8) (3) (8) (3) 
Level 

4.0 
27.467••• 

1.467 
32.2••• ... 

• 31.467••• 
S.467 

36.2••• 
S.133 

39.4••• • 
• 26.o••• 

4.733 
26.334••• 

7.933 

• 30.733•••. 
!l,J:li Ill 

33 933•!1, 

• 31.067••• 
3.2 

• 34.267••• • • 
KEY: Arrows in the table indicate means compared. Result is then indicated. 

••• 
•• 
• 

T 

• Significant at P<0.01 
• Significant at P<0.05 
• Significant at P<O. l 0 
• Post-hoc comparison result 

T (0.01) = 6.16 x .../198.73/IS 
-22.42 

Tco.o5) =4.94x.../198.73/1S 
• 17.98 

T (G.IO) .. 4.39 X .../198.73/15 
• IS.98 

Table 35: Mean (S.D) Repetitions and Pedometry Counts with 
Use of the BABE Scale during the Circuit Session. 

ReQetitions Pedometry Counts 

St.ep-ups 
(8) 

13.4 

17.4• 

14.067 

11.933 

18.8 .. 

12.267 
22.0 .. 

Station Effort Level 3 Effort Level 8 Effort Level 3 Effort Level 8 
Mean S.D Mean S.D Mean S.D Mean S.D 

Shuttle Run 82.7 (18.6) 83.3 (17.7) 98.2 (28.2) 102.2 (10.4) 
Star Jumps 29.0 ( 11. 9) 44.0** (8.1) 70.7 (27.6) 96.7*** (12.7) 
Knee Raises 56.7 (12.1) 80.8*** (24.3) 66.0 (27.1) 97.l*** (14.1) 

Step-Ups 14.5 (5.0) 25.0 (4.6) 62 .8 (13.3) 84.8** (12.5) 

WT,ere; *** = Significant at P<O.O I 
** = Significant at P<0.05 
* = Significant at P<O. I 0 
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Table 36: Mean (S.D) Repetitions and Pedometry Counts without 
Use of the BABE Scale during the Circuit Session. 

Station 

Shuttle Run 
Star Jumps 
Knee Raises 

Step-Ups 

Repetitions 
Circuit 1 Circuit 2 

Mean S.D Mean S.D 
87.1 (13.6) 83.2 (17.0) 
32.3 (10.2) 33.4 (12.8) 
63.6 (11.4) 55.9 (20.7) 
17.9 (6.4) 16.5 (7.0) 

Pedometry Counts 
Circuit 1 Circuit 2 

Mean S.D Mean S.D 
96.1 (12.4) 96.1 (17.7) 
80.8 (18.1) 80.9 (20.6) 
85.4 (20.7) 70.2 (27.4) 
70.5 (20.8) 66.6 (19.0) 

Table 35 summarises mean (± S.D) repetitions and pedometry counts at an effort 

production level of 3 and 8 for the Shuttle Run, Star Jump, Knee Raises and Step-up 

stations. Table 36 summarises mean repetitions and pedometry counts for circuit 1 and 

circuit 2 when the BABE Scale was not used as part of the circuit session. In general, 

mean pedometry results suggest that when the BABE Scale was not used in the Circuit 

session (Table 36), the children chose to work between the range of 'Easy' and ' Starting 

to Get Hard' on the Star Jumps, Knee Raises and Step-up stations. Whereas, mean 

pedometry data for the Shuttle Run station (96) and mean repetition data for the Shuttle 

Run station (83) remained high. Although qualitative analysis from the video showed 

that some children displayed distinct differences between producing an effort rating level 

of 3 and 8 for the Shuttle Run station, in general whether the BABE Scale was used or 

not during the exercise circuit, the majority of children chose to run 'Very Hard' on this 

station. Thus producing similar mean repetition and pedometry results across exercise 

conditions (Tables 35 and 36). 
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Figures 41 and 42 show the circuit in progress without use of the BABE Scale. Figure 41 

highlights the four stations allowing for physical measurement. 

Figure 41 : Circuit session without use of the BABE Scale: 
Four stations for physical measurement 

Figure 42: Circuit session in progress without use of the BABE Scale 
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3.2. Without BABE Scale 

Repetitions (by video analysis) 

A Stations (4) x Circuit (2) repeated measures ANOVA on trial 2 data (week 5) 

revealed a significant main effect for Stations (F3, 42 = 186.79, P<0.001). Tukey HSD 

revealed that mean results for repetition data were significantly different (P<0.01) 

between each of the four stations; Shuttle Runs (85), Star Jumps (33), Knee Raises (60), 

and Step-ups (17). 

ANOV A revealed no other significant main effects or interactions. 

Pedometry Counts 

A Stations (4) x Circuits (2) repeated measures ANOVA on trial 2 data revealed 

a significant main effect for Stations (F3, 42 = 13.38, P<0.001). Tukey HSD revealed that 

mean pedometry counts were significantly different (P<0.01) between the Shuttle Run 

station (96) and Star Jumps (81), Shuttle Run station (96) and Knee Raises (78) and 

Shuttle Run (96) and Step-ups station (69). Tukey HSD revealed that mean pedometry 

counts were significantly different (P<0.05) between the Star Jumps (81) and Step-ups 

station (69). Tukey post-hoc comparisons revealed no significant difference between 

pedometry data recorded on the Star Jumps (81) and Knee Raises (78) or between Knee 

Raises (78) and the Step-up station (69). ANOVA revealed no other significant main 

effects or interactions. 

3.3. Reliability of Repetitions and Pedometry With and Without Use of the BABE 
Scale 

Tables 37 - 40 provide reliability data for pedometry counts _and repetitions with and 

without use of the BABE scale. 
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Table 37: Test-retest Analysis of Pedometry Counts at each Exercise Station 
With Use of the BABE Scale. 

Station (Effort Bias ICC r t 
Production) {±2 x SD} 
Shuttle run (3) 4.5 0.10 0.11 0.556 

(± 2 X 29.4) 
Star Jumps (3) 2.7 0.12 0.16 0.379 

(±2 X 25.6) 
Knee Raises (3) 7.46 0.58 0.65 1.252 

(± 2 X 21.5) P<0.02 P<0.05 
Step-Ups (3) 0.31 0.54 0.56 0.093 

(± 2 X 12.0) P<0.10 P<0.05 
Overall (3) 3.8 0.59 0.61 1.200 

(±2 X 22.5) P<0.001 P<0.05 
Shuttle run (8) 1.08 0.43 0.51 0.301 

(± 2 X 12.9) P<0.10 P<0.05 
Star Jumps (8) -4.0 0.22 0.23 0.995 

(± 2 X 14.5) 
Knee Raises (8) 1.8 0.02 0.02 0.389 

(± 2 X 16.4) 
Step-Ups (8) -1.9 0.65 0.65 0.687 

(± 2 X 10.09) P<0.01 P<0.01 
Overall (8) -3.5 0.29 0.29 -1.600 

(± 2 X 15.8) P<0.02 

Table 38: Test-retest Analysis of Pedometry Counts at each Exercise Station 
Without Use of the BABE Scale. 

Station (Circuit) Bias ICC r t 
{+2 x S.D} 

Shuttle run (Cl) 6.53 0.23 0.31 2.135 
(± 2 X J 1.8) P<0.20 P<0.05 

Star Jumps (Cl) 10.33 0.24 0.24 1.809 
(±2 X 22.J) P<0.20 

Knee Raises (Cl) 18.53 0.04 0.04 2.364 
(± 2 X 30.4) 

Step-Ups (Cl) 12.13 0.19 0.20 2.011 
(± 2 X 23.4) 

Overall (Cl) 11.9 0.3 1 0.31 4.049 
(±2 X 22.7) P<0.01 P<0.05 

Shuttle run (C2) 9.4 0.08 0.08 1.631 
(± 2 X 22.3) 

Star Jumps (C2) 6.4 0.02 0.02 0.867 
(± 2 X 28.6) 

Knee Raises (C2) 11.4 0.21 -0.11 2.031 
(± 2 X 34.6) 

Step-Ups (C2) 7.1 0.00 0.00 1.073 
(± 2 X 25.7) 

Overall (C2) 8.6 0.32 0.32 2.416 
(± 2 X 27.5) P<0.01 P<0.05 
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Table 39: Test-retest Analysis of Repetitions at each Exercise Station 
With Use of the BABE Scale. 

Station (Effort Bias ICC r t 
Production) {±2 x S.D} 
Shuttle run (3) 1.08 -0.06 -0.11 0.204 

(±2xl9.l) 
Star Jumps (3) -0.85 0.38 0.40 0.294 

(±2x10.4) P<0.10 
Knee Raises (3) 3.46 0.41 0.47 0.771 

(±2 X 16.2) P<0.10 
Step-Ups (3) 0.46 0.31 0.45 0.346 

(± 2 X 4.8) P<0.20 
Overall (3) 1.04 0.89 0.78 2.917 

(± 2 X 13.4) P<0.001 P<0.01 
Shuttle run (8) 3.08 0.48 0.70 0.860 

(± 2 X 12.9) P<0.05 P<0.01 
Star Jumps (8) -3.46 0.91 0.92 3.691 

(± 2 X 3.4) P<0.001 P<0.01 
Knee Raises (8) 14.69 0.12 0.12 1.797 

(± 2 X 29.5) 
Step-Ups (8) -2.77 0.79 0.84 3.153 

(± 2 X 3.2) P<0.001 P<0.01 
Overall (8) 2.9 0.85 0.85 1.196 

(±2 X 17.4) P<0.001 P<0.01 

Table 40: Test-retest Analysis of Repetitions at each Exercise Station 
Without Use of the BABE Scale. 

Station (Circuit) Bias ICC r t 
{±2 x S.D} 

Shuttle run (Cl) 13.27 0.02 0.02 3.111 
(± 2 X 16.5) 

Star Jumps (Cl) 4.67 -0.08 -0.09 1.418 
(± 2 X 12.7) 

Knee Raises (Cl) 38.27 0.05 0.07 5.757 
(± 2 X 25.7) 

Step-Ups (Cl) 5.53 0.22 0.23 3.067 
(±2 X 7.0) 

Overall (Cl) 15.4 0.80 0.83 5.572 
(± 2 X 21.5) P<0.001 P<0.01 

Shuttle run (C2) 14.53 0.16 0.19 3.143 
(± 2 X) 7.9) 

Star Jumps (C2) 2.93 0.47 0.54 1.050 
(± 2 X 10.8) P<0.05 P<0.05 

Knee Raises (C2) 24.33 -0.20 -0.22 2.347 
(± 2 X 40.2) 

Step-Ups (C2) 2.93 -0.04 -0.04 1.238 
(± 2 X 9.2) 

Overall (C2) 11.18 0.73 0.74 3.57 
(± 2 X 24.2) P<0.001 P<0.01 
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In general, when the BABE scale was employed in the exercise circuit the 

reliability between test trials improved (reduced mean difference (bias) and S.D), 

compared to reliability data recorded when the BABE scale was not employed. For 

example; Step-ups at BABE Scale effort production level of 8, 95% LoA = -1.9 +/- 20.2, 

ICC = 0.65 (P<0.01) (Pedometry data; Table 37) and 95% LoA = -2.77 +/- 6.4, ICC= 

0.79 (P<0.001) (Repetitions; Table 39). Compared to 95% LoA = 7 .1 +/- 51.4, ICC = 0.0 

(Pedometry data; Table 38) and 95% LoA = 2.93 +/- 18.4, ICC = -0.04 (Repetitions; 

Table 40), when the BABE Scale was not employed in the circuit session. Intraclass 

correlation coefficients for Step-ups (at effort production levels of 3 and 8) when the 

BABE Scale was employed in the exercise circuit ranged from R = 0.31 - 0. 79 for 

Pedometry and Repetitions (Tables 37 and 39). Reliability of children's effort production 

across both levels (3 and 8) was higher for the Step-up station compared to the Shuttle 

Runs, Star Jumps and Knee Raises stations. Overall ICC for Pedometry and Repetitions 

(Tables 37 and 39) demonstrated that the children were more reliable in their effort 

production at a BABE level of 3 (Easy) R = 0.59 - 0.89, compared to an effort production 

level of 8 (Very hard) R = 0.29-0.85. Intraclass correlations for this study involved test­

retest across two trials only, and would be expected to improve following three or more 

trials. 

3.4. Questionnaire Results 

Data was analysed using a two factor ANOVA with repeated measures design 

[Trial (2) x Scale (2)] on Interest / Enjoyment, Perceived Competence and Effort­

Importance (Appendix H3). Where Scale (2) represented circuit sessions with and 

without use of the BABE Scale. 
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Interest / Enjoyment 

ANOVA revealed no significant main effects or interactions for children' s 

interest I enjoyment across trials or between circuit sessions when the BABE Scale was 

or was not employed. 

Perceived Competence 

Trial 

ANOVA revealed a significant main effect for Trial (F1, 12 = 3.87, P<0.05). 

Tukey HSD revealed ~hat children felt significantly (P<0.05) more competent completing 

the circuit sessions in Trial 1 compared to Trial 2. 

Scale 

ANOV A revealed a significant main effect for Scale (F 1, 12 = 4.46, P<0.05). 

Tukey HSD revealed that children felt significantly (P<0.05) more competent completing 

the circuit sessions with use of the BABE Scale rather than without use of the BABE 

Scale. 

Trial x Scale 

ANOVA revealed a significant interaction for Trial x Scale on perceived 

competence (F 1, 12 = 4.03, P<0.05). Tukey HSD identified that children felt significantly 

(P<0.01) more competent in the first trial of the circuit without use of the BABE Scale 

compared to the second trial. Likewise, Tukey HSD identified that children felt 

significantly (P<0.01) more competent in the first trial of the circuit session with use of 

the BABE Scale compared to the second trial. In addition, Tukey HSD revealed that 

children felt significantly (P<0.05) more competent during the second trial of the circuit 

with use of the BABE Scale, rather than without use of the BABE Scale (Figure 43). 
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Figure 43: Interaction between Trial and Scale on Perceived Competence. 
(Values are mean ± SEM) 

Effort-Importance 

ANOV A revealed a significant mam effect for Trial (F 1,12 =3.86, P<0.05). 

Tukey HSD identified that children tried significantly harder (P<0.05) during the first 

trials of the circuit sessions, compared to the second trials. There were no other 

significant main effects or interactions for children's effort-importance. 

3.5 Reliability of Questionnaire Data 

Tables 41 to 43 show Mean (±S.D), Intraclass correlation coefficient and 95% 

limits of agreement post-circuit questionnaire results. 
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Question One 

Table 41: Interest/ Enjoyment; (I really enjoyed this circuit session) 

Measure 

Mean Result / 
Interpretation 
S.D (±) 
ICC (R) 
Bias (± 2 x S.D) 

Question Two 

Trial 1 (Wk4) 
Circuit with use of 
BABE scale 

4.385 I 

Trial 2 (Wk6) 
Circuit with use 
of BABE scale 

3.615 I 
Yes Yes 
1.12 1.76 

0.343 (P<0.12) 
0.8 (± 2 X 1.7) 

Trial 1 (Wk3) 
Circuit without 
use of BABE 
scale 
4.077 / 

Trial 2 (WkS) 
Circuit without 
use of BABE 
scale 
3.769 I 

Yes Yes 
1.50 1.42 

0.399 (P<0.08) 
3.0 (± 2 X 1.6) 

Table 42: Perceived Competence; (I think I am pretty good at circuits) 
Measure Trial 1 (Wk4) Trial 2 (Wk6) Trial 1 (Wk3) Trial 2 (WkS) 

Mean Result / 
Interpretation 
S.D (±) 
ICC (R) 
Bias {± 2 x SD) 

Question Three 

Circuit with use of Circuit with use Circuit without Circuit without 
BABE scale of BABE scale use of BABE use of BABE 

scale scale 
4.308 I 4.0 I 4.231 I 3.385 I 
Yes Yes Yes Don't know 
0~5 ins 0.93 1.45 

0.39 (P<0.09) 0.44 (P<0.06) 
0.3 (± 2 X 1.0) 0.8 (± 2 X 1.3) 

Table 43: Effort-Importance; (I tried very hard whilst doing this circuit) 
Measure Trial 1 (Wk4) Trial 2 (Wk6) Trial 1 (Wk3) Trial 2 (WkS) 

Mean Result/ 
Interpretation 
S.D (±) 
ICC(R) 
Bias (± 2 x SD) 

Circuit with use of Circuit with use Circuit without Circuit without 
BABE scale of BABE scale use of BABE use of BABE 

scale scale 
4.538 I 4.231 / 4.308 I 3.538 I 
You bet! Yes Yes Yes 
0.88 1.09 0.85 1.71 

0.373 (P<0.10) 0.493 (P<0.04) 
0.3 {±2 X 1.1) 0.8 (± 2 X ] .4) 

These results indicate that children were more consistent in their questionnaire 

responses (reduced mean difference (bias) and S.D) when the circuit was completed with 

use of the BABE Scale. This suggests that they maintained their high level of 

motivation. 
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4. DISCUSSION 

This is the first study to integrate a child-specific effort rating scale into physical 

education circuit training classes with primary school children. This study has provided 

preliminary evidence that children aged 8 to I 1 years can use effort perception to regulate 

exercise intensity during 30 seconds on specific activities (Star Jumps, Knee Raises and 

Step-Ups). The BABE Scale was chosen for this study as previous research conducted as 

part of this thesis had suggested that children found it easier to understand the BABE 

Scale for stepping tasks (compared to the CALER Scale), and that they enjoyed exercise 

using the BABE. The children were able to use their effort perception to alter their 

production of exercise effort (pedometry counts and repetitions) to match two prescribed 

BABE ratings. These findings confirm the potential use of pictorial child-specific effort 

rating scales with children during physical education lessons. 

Although qualitative analysis from video evidence showed distinct differences 

for some children between BABE level 3 and 8 on the shuttle run station (E.g.; children 

walking at level 3 / crouch starts at level 8), it is evident from pedometry and repetition 

data that some children experienced difficulty in distinguishing between effort rating 

levels for this station. Mean repetition and pedometry data suggest that regardless of 

whether the BABE Scale was employed or not in the exercise circuit, children chose to 

run ' Very Hard' on this station, thus producing similar mean repetitions and pedometry 

results across exercise conditions. It may have been pertinent for the circuit card for this 

station to state 'Shuttle Run/ Walk' . 

Analysis of Variance on questionnaire data revealed a significant main effect for 

Scale on Perceived Competence (F 1,12 = 4.46, P<0.05). Tukey post hoc comparisons 
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revealed that children felt significantly (P<0.05) more competent completing the circuit 

sessions with use of the BABE Scale rather than without use of the BABE Scale. In 

addition, smaller bias and higher questionnaire means suggest that children were able to 

maintain their motivation from Trial 1 to Trial 2 with use of the BABE Scale. This may 

have implications for future exercise adherence. 

The children viewed the BABE Scale as an exciting and 'cool' initiative, and 

therefore the classes were approached with enthusiasm and vigour. The scale enabled 

children to control their own intensity levels rather than relying on the strict control of an 

adult authority figure. Self-reported interest/ enjoyment and effort-importance were not 

significantly different between circuits with or without use of the BABE Scale. Results 

suggest that children were able to regulate their production of exercise effort on specific 

circuit stations with use of the BABE. Scale, and this did not result in negative 

psychological perception of the exercise session. With a balanced, enjoyable Physical 

Education programme, children may develop a range of motor skills, achieve success at 

their own levels, and feel confident enough in their own abilities to want to pursue a more 

active lifestyle. 

Engagement in physical activity is linked strongly to motivational processes 

(Brustad, 1991). Motivational theories (Bandura, 1977; Harter, 1978) highlight the role 

self-perceptions of ability and control have as contributors to motivated behaviour. 

These theories propose that, if individuals perceive they possess the ability and personal 

control to reach a desired outcome, they will voluntarily engage in an achievement area 

and whilst engaged display effort and persistence. To voluntarily engage in physical 
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activity, children must possess favourable self-perceptions regarding their personal 

capacities in this area. Bandura's (1977) self-efficacy theory is competence-based and 

has four main sources; i. Personal accomplishment, ii. Vicarious experience (children can 

see others' of similar ability achieving/ completing the activity), iii. Verbal persuasion 

and iv. Emotional arousal (participating in something new). Results suggest that the 

BABE Scale may assist children in improving perceived competence / achieving 

favourable self-perceptions. 

Intrinsically motivated behaviour is defined as participation in an activity, 

without reward (Deci and Ryan, 1985). Intrinsic motivation is based on the need to be 

competent and self-determining in dealing with one's surroundings (Deci, 1975). By 

actively engaging the environment, by taking on and over-coming challenges that are 

optimal for their capacities, people often feel a sense of self-efficacy. Deci and Ryan' s 

(1980; 1985) cognitive evaluation theory suggests that events consist of functional 

aspects, which are either informational or controlling in nature. The informational 

qualities of the event provide feedback regarding the individual's performance, which, in 

turn, influences feelings of competence. Depending on the nature of the feedback, 

intrinsic motivation is either increased or decreased. For example, a child who is able to 

successfully complete an exercise circuit may have increased feelings of competence and 

intrinsic motivation. In comparison, a child who is unable to complete a circuit may 

experience lack of competence and reduced intrinsic motivation. 

Deci and Ryan's ( 1980; 1985) cognitive evaluation theory suggests that positive 

information (i.e., high information and minimal control) will enhance intrinsic 

motivation, such activities are described as informational. In the early 1990's cognitive 
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evaluation theory was further developed and renamed self-determination theory (Deci 

1992; Deci and Ryan, 1991; 1995). It is the controlling aspects of an activity which are 

thought to influence feelings of self-determination (Oman and McAuley, 1993). 

Activities that are perceived as highly controlling (where participants are pressured to 

behave, think or feel a particular way) result in feelings of low self-determination and 

subsequently reduced intrinsic motivation. Whereas, if the activity is perceived to be a 

low controlling event (which provides participants with a sense of choice about what to 

do or how to do it), then feelings of self-determination and intrinsic motivation are 

increased. The use of the BABE scale could serve as a source of information and allow 

the child self-referenced control over the intensity at which they work. 

However, a logical extension of the application of Deci and Ryan's (1985) 

theory would be to allow the children to choose their intensity level. Children's 

perceptions of being involved in choosing their activity levels (preferred levels), rather 

than the choice being externally imposed (level 3, level 8) should lead to even greater 

feelings of self-determination (Thompson and Wankel, 1980). This supports Deci and 

Ryan's (1980) contention that perceived freedom or self-determination is a primary factor 

which influences intrinsic motivation behaviour. 

The literature suggests that perceived competence is significantly related to 

perceptions of success. Positive perceptions of success have been reported to be 

significantly correlated with perceptions of feeling more competent, exerting more effort, 

and feeling less pressure in physical activity (Oman and McAuley, 1993). McAuley et 

al. (1991) reported that perceptions of success and self-efficacy were related to intrinsic 

motivation and that perceived competence played a significant role in the self-efficacy: 
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intrinsic motivation relationship. Children' s positive perceptions of success in the 

exercise circuit with use of the BABE Scale may have enhanced their perceptions of 

competence leading to improved intrinsic motivation. 

In 1984, a study by Harter and Connell revealed that achievement was a positive 

predictor of children's perception of competence, and was positively correlated with their 

affective responses to their perceptions of competence. These feelings were found to be 

positively and significantly associated with their autonomous judgement (children 

employ internal criteria for judging success and feel comfortable choosing appropriate 

tasks without the aid of a teacher) and intrinsic motivation (children display curiosity and 

desire for challenge and mastery). Harter and Connell's (1984) results represented a 

chain of events whereby children's perceptions that they have control over their successes 

and failures were positively associated with achievement, which positively correlated 

with their perceptions of competence, which in turn positively linked to their levels of 

intrinsic motivation. Use of the BABE Scale during the exercise circuit may have made 

the children feel that they had more control over their successful completion of the 

circuit, by regulating their own physical activity levels, leading to a sense of achievement 

and thus enhanced competence. 

In Greece, Papaioannou (1995) studied the environment of a physical education 

lesson on the intrinsic motivation and anxiety of high- and low-competence adolescents 

(aged 13 ± 0.5 years). The results showed that a high task focus sustained motivation in 

children at all levels of perceived competence. In addition, low-competence children 

were less anxious about participating in sport and physical activity with high-ability peers 

when a task-orientated atmosphere was emphasised. Goudas and Biddle (1994) further 
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developed the work of Papaioannou with 13- to 15-year old British children. Results 

revealed that children who perceived their physical education class to be high in both 

mastery (self-improvement) and performance, reported greater intrinsic motivation and 

perceived competence. This evidence suggests that children who adopt a mastery 

orientation, and perceive that they operate in a teaching / coaching environment that 

encourages mastery, have a sounder motivational base. 

This research supports the practice of increasing perceptions of physical 

competence through a focus on individual improvement. By using the BABE Scale 

within health-related exercise aspects of the national curriculum, physical educators 

could make a difference by helping children to develop a sound motivational base, 

promoting self-improvement and a sense of personal accomplishment. However, Goudas 

and Biddle (1994) suggest that children should not be isolated in physical activities. 

Children's sense of making a valuable contribution to a group in an atmosphere of team 

mastery or co-operation is also important as it satisfies what self-determination theory has 

termed the need for 'relatedness'. The aim should be to help children feel that they have 

some responsibility for, and a sense of ownership towards what physical activity they are 

doing, rather than feel pressurised to do something. For example, teaching children to 

use the BABE Scale to regulate their own physical activity levels. 

Further research is required to establish the source of improved competence 

highlighted in the current study. Perceived competence could have been improved 

because the children were increasing their work rate during the exercise circuit, or it may 

have been that use of the BABE Scale made children feel that they had taken control of 

their own exercise levels (regulation) leading to improved self-determination and 
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motivation. Cale and Harris (1993) have noted that, from a behavioural perspective, 

physical activity needs to be seen by children as a positive and achievable experience. 

The BABE scale was appropriate for use with this age group (primary school 

children), but as adolescent changes occur, scales may need to be developed and adapted 

in order to maintain the same level of enthusiasm. Child-specific effort rating scales 

would need to be developmentally appropriate, i.e., not viewed as 'babyish!' 

Developmentally appropriate scales (suitable for use with primary / secondary school 

children) could be employed in Physical Education lessons for the delivery and 

achievement of specific HRE attainment targets. In addition, such tools could be used to 

encourage and increase children's physical activity levels and perceived competence. 

They may also assist with class discipline. 

Before such scales can be employed to assist in the achievement of specific HRE 

attainment targets, physical educators need to be educated on their application and use. 

This could be problematic since the majority of primary school teachers who deliver the 

physical education national curriculum have no formal qualifications in the subject 

(National Association of Head Teachers and the Central Council for Physical Recreation, 

1992). However, one such way of disseminating and promoting use of the BABE Scale 

for coverage of specific HRE attainment targets could be the production of a specialist 

video (for Physical Education teachers to show children) together with a teacher's 

support pack. The video could be cartoon-based, depicting one of the Bugs (as it appears 

on the scale), participating in a range of exercise activities and producing different effort 

rating levels. Such a video could also show prior anchoring techniques, to further 

enhance the children's interpretation of the BABE Scale and its use. The video could be 
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produced in such a way as to be informative (with clear links to HRE in the Physical 

Education National Curriculum), but also amusing and appealing to children. If such a 

video were to be produced then this would enable the BABE Scale to be used in the 

achievement of HRE attainment targets, and instructions on its use disseminated easily 

and effectively to physical education staff and children. 

The Physical Education experience in schools needs to make a positive impact 

on children to help promote lifelong physical activity. If teachers are to develop 

successful courses, they need to understand current concepts in exercise and health 

science and be aware of the growing body of knowledge associated with exercise 

adherence. This has implications for ongoing teacher education programmes. Physical 

education teachers play a vital role in promoting health-related fitness in children and 

youth. To maximise the number and quality of physical activity opportunities, the 

concept of the 'Active School' is suggested (Fox, 1991; 1994). The active school will be 

aware of the importance of physical activity promotion and will be constantly working 

towards devising and implementing policies that will increase the physical activity levels 

of children and staff in a way that is likely to have a positive and sustained impact on 

physical activity habits. 
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CHAPTER 7 
CONCLUSIONS 
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In the 1980' s, the American Academy of Physical Education (Malina, 1987), the 

American Academy of Paediatric Committees on Sports Medicine and School Health 

(1987), and the American College of Sports Medicine (1988) issued strongly worded 

statements highlighting the need for school physical education lessons to adopt health­

related physical activity goals. In a society in which adult sedentary behaviour 

contributes significantly to the epidemic of cardiovascular and other chronic diseases, 

there is a rationale for shifting the orientation of children's physical education to a health 

focus. Introducing a health focus to physical education lessons could improve children's 

awareness of the importance of physical activity in their youth. Children do not 

necessarily need to 'train' to reverse the effects of a sedentary lifestyle. Enhanced 

physical activity could be achieved by a change in daily routine, for example, by walking 

to school. 

Results from the studies conducted for this thesis have confirmed that the BABE 

Scale is a valid and reliable tool for quantifying children's production of exercise effort 

and for regulating exercise output during cycling and stepping tasks. Given the choice, 

children preferred to use the BABE Scale in exercise activities rather than the CERT or 

CALER Scale. Reasons for their preference included that the BABE Scale was 'fun­

looking' and 'interesting' due to use of colours, and the children were able to associate 

the character depicted on the BABE Scale with the hit Walt Disney film 'A Bug's Life', 

on which the pictorial representation of the BABE Scale was based. 

The external validity of the BABE Scale was investigated during six weeks of 

circuit training classes with primary school children in Wiltshire, England. Results 
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suggested that children could adjust their production of exercise effort on specific 

exercise stations to match two prescribed levels of perceived exertion (3 and 8) using the 

BABE Scale. In addition, questionnaire data revealed that children felt significantly 

{P<0.05) more competent completing the circuit training classes with use of the BABE 

Scale rather than without use of the BABE Scale. This may have implications for future 

exercise adherence. 

Results have highlighted the potential for using child-specific effort rating scales 

in health-related exercise physical education lessons, and could also be used within other 

exercise settings such as 'Fat Camps' . Use of such scales in exercise activities could 

result in the achievement of a range of attainment targets specified in national curriculum 

guidelines. A health-orientated physical education programme needs to prepare children 

for lifetime physical activity. Health-related exercise physical education programmes 

should therefore focus on maximising the physical activity participation of all children. 

Physical education in schools is the only preparation some children will have to develop 

an active lifestyle, so it is important to use physical education to increase motivation and 

teach relevant skills to all children to prepare them for lifetime physical activity. 

Schools should evaluate, review and revise their physical education curriculum 

to ensure that it promotes health-related exercise and motor skill development. This will 

assist in the development of lifelong habits towards reducing risk of disease and 

encourage the adoption of active lifestyles. Public health benefits from health-related 

exercise physical education programmes will be determined by the effectiveness of the 

programme in promoting long-term patterns of physical activity and the number of 

children who participate in the programme. 
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Future Recommendations 

i. If effort-rating scales are to be used in physical education lessons, such scales would 

need to be developmentally appropriate, and ideally pictorial representation should 

encompass a range of exercise activities. The BABE Scale is developmentally 

appropriate for use with primary school children and has external validity across a 

variety of exercise activities. A need therefore exists for the development and 

validation of a scale that could be employed with secondary schoolchildren. 

11. Scale preference is a factor which requires further investigation, if such tools are to be 

integrated with success into physical education lessons. A scale would need to be an 

encouraging and motivating factor for children. 

iii . Intrinsic motivation levels of children should be further explored to determine if an 

improvement is evident when effort perception scales are employed in a physical 

education environment. In addition, the source of improved motivation should be 

identified. 

iv. During introductory sessions conducted with children who participated in the studies 

for this thesis, several children questioned why the BABE Scale does not have verbal 

cues against each number. Adding developmentally appropriate verbal cues to all 

numbers could therefore modify the existing BABE Scale. Such a modification could 

further aid children ' s interpretation of exercise effort when using the BABE Scale. 

v. Methods need to be developed for teaching and reinforcing the use of child-specific 

effort rating scales in physical education lessons as part of the Health-Related 

Exercise National Curriculum. One such method could be the use of video 

instruction, promoted via structured in-service training (INSET). 
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vi. Further research using pictorial child-specific effort rating scales with children in 

applied activity and physical education lessons is justified. Specifically, researchers 

should concentrate on the effects such scales have on teaching and learning of issues 

associated with the increase and promotion of physical activity in physical education. 

Clearly, the research within this thesis has highlighted the potential of using child­

specific effort rating scales in circuit training physical education lessons. Funding is 

required to support the work of health and exercise professionals involved in the 

promotion and development of such a concept. 
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A: Ethical Approval 
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•. Ref: SJC App SW S4/98 
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r.t7ra Miss ~amela Shephecd 
· ~ Human Movement Science 

Physical Education and Cell Biology 
4 7 'fugela Road 
Chippenham 
Wiltshire SN15 UF 

Dear Miss Shepherd 

SW54198 (Tlsls ,uunbu lllllSI be quowl in oJJ corrapondmu) 
Tbe Use of Effort Rating Scales to Control Exercile Intensity iD Children 

Your Applk:ation was considered by the Swindon Research Ethics 
Committee on 11 Jmuary 1999 and I will be able to give full approval to this 
Study on condition that the language used in the various scoring systems and 
assessment scales is greatly simplified for use by young children. The 
Committoc felt that the use of phrases such as 'perceived exertion' amongst 
others is a barrier to the effective evaluation of these instruments. 

You may find it helpful to talk to an educationalist about the appropriate level 
of comprehension of children of this age. 

I look forward to hearing from you. 

Yours sincerely 

f .~-
Dr Peter Hanson MA MD FRCP 
Chairman -· Swindon Research Ethics Committee 
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31 March 1999 

Miu Pamela Shepherd 
Human Movemcm Science 
Physical Education and Cell Biology 
47 Tugela Road 
Chippenham 
Wiltshire SN1S lJF ' . 
Dear Miss Shepherd 

SWS4/98 (Ild~ munJ,er 1ltllSt ~ qlU>ld ill all corttspondau:e) 
The Use of Effort Ratlnc Scalet to Control Exercise IDtemity ill Children 

Thank you for your letter of 15 March 199 in response to Dr Hanson's letter 
of 18 January. 

I have spoken to a member of the Swindon R.escarch Ethics Committee who 
is involved in education and she suggests you contact either:-

]. 

2. 
Head tcachm of primary schools ( or a member of the teaching staff) 
Someone from King Alfred College Wtncbester 

I hope this information is useful and look forward to hearing from you 
further .. 

Yours sincerely 
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B: Parental Information Sheet 
THE UNIVERSITY OF W ALES, BANGOR SCHOOL OF SPORT, HEAL TH & EXERCISE SCIENCES 

Can Children Use Effort Rating Scales to Control Exercise Intensity? 
Several effort rating scales have been developed for adults, and are used to control exercise intensity in a variety of settings 

including gymnasiums and for rehabilitation purposes in hospitals. These scales however, are inappropriate for use with children 

as comprehension difficulties may exist. Recently, new scales have been developed specifically for use with children. These 

child-specific effort rating scales need to be tested to see if they are indeed more suitable to control exercise intensity in children. 

Why Are These Scales Useful? 
Studies in Japan and the United States have suggested that primary schoolchildren rarely undergo physical activity sufficient to 

promote cardiovascular health. By validating these scales, they may be used in a physical education/ games lesson to encourage/ 

increase physical activity. These scales may help to encourage children to stick to an appropriate level of exercise, which they 

find enjoyable, and thus improve health benefits. These experiences may be carried over into adulthood. 

Who Will Participate In This Study? 
Thirty children will be invited to participate from Walter Powell Primary School, Great Somerford, Wiltshire. All children will 

be anonymous in the published results, and total confidentiality throughout the study is assured. 

What Sort of Exercise Will Be Involved? 
Your child will participate in simple stepping and cycling tasks, which will be of a light to moderate intensity , no more 

strenuous than normal daily living. Each task will last no longer than thirty minutes, and will be carried out on the school 

premises in normal time allocated for Physical Education, supervised by a researcher. 

What Measurements Will Be Taken? 
All children participating in this project will have the same measurements recorded. These will be; Age, Height, Weight and 

Resting Heart Rate. Other measurements taken will be: 

• Exercise Heart Rate. This will be recorded via a Heart Rate monitor, which your child will wear. 

• Power Output. This will be recorded by the researcher directly from the cycle or calculated by the researcher from the 

stepping task. 
• Ratings of Exercise Effort. Your child will also be asked to give the researcher feedback on their exercise experiences 

using various effort rating scales. 

Are There Any Risks?, 
The type and amount of exercise used in this project will be no more strenuous than your child would carry out as a part of 

normal daily living. Ethical approval for this project has been gained from the South and West Research Medical Ethics 

Committee. 

What Next? 
If you would like your child to participate in this research project please complete the attached consent form and return the form 

with your child to their school teacher. 
• The researcher will tell your child the nature and purpose of the study. Your child will also be required to sign the 

consent form. 

• Your child will participate in a small group interview and will be shown the equipment that will be used. 

• Scheduled dates to carry out testing have been decided between the researcher and the head teacher of the school. 

• All testing will be carried out on the school premises, in normal time allocated for physical education, supervised by a 

researcher. Tasks will be repeated on separate occasions for reliability. Please indicate on the consent form if you are 

willing to let your child participate in this project. Thank you for your interest. 
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B2: Informed Consent Form 

_ CONSENT FORM 
The Use of Effort Rating Sales to Control Exercise Inteuity in Children 

Dear Parent / Guardian, 
Please read the lnlormatioa sheet prior to completing this form. I would like to uk 
your permission for your chUd to participate la; 
I. Light to moderate exercise involving simple stepping and cycling tasks, which will be no 
more strenuous than normal daily living. Heart rate will be recorded during exercise via a 
heart rate monitor, which your child will wear. 
2. A small group interview which will be audio-taped and transcribed. Your child will be, 

shown a number of effort rating scales, and their views recorded. 

Tasks will be carried out on the school premises in normal time allocated for Physical 
Education, supervised by a researcher. 

I do hope that you wiU agree for your child to take part in this important stady, and I 
am sure that they will find it an interesting, enjoyable and educadonal experience. 
Pleue indicate below if you are willing to let your child participate in the project. 

PLEASE TICK YES OR NO 

YES D 

NO D 

I give perminioa for my son/ daughter to take part in 
'The Use of Effort Rating Scales to Control Exercise 
Intensity in Children'. I understand that I may withdraw 
my consent at any stage of this investigadon. 

I do not give permission for my son/ daughter to take part 
in 'The Use of Effort Rating Scales to Control Exercise 
Intensity in Children'. 

NAME OF SON/DAUGHTER ___________________ _ 

PARENT/GUARDIANSIGNATURE ---------------~ 
(Children between 8 and 16 years must, in addition to a parent, also sip the consent form 
below). 

SIGNATURE OF SON /DAUGHTER-----------------

I 

If you would lilce more information about the research please do not hesitate to contact me by writing 
to the University or telephone me at work on 01249 464644 ext. 342. I will be happy to answer !lly 
questions you may have. All participating individuals will be anonymous in the published results and 
total confidentiality lhrougbout tbe study is assured. 

PLEASE RETURN THIS FORM TO THE SCHOOL BY __________ _ 

DECLARATION BY THE INVESTIGATOR 
I confirm that I have provided an i.JJformadon abed and exp)alned the nature and effect 
of the procedures to the vohlllteer and that bis/ her consent has been given freely and 
voluntarily. SIGNED __________ _ 

Miss P. Shephenl BSc. (Hons). 
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Cl: Example Instructions for Use of Perceived Exertion Scale 

Children's Effort Rating Table (CERT) 

When you exercise whether it is walking around the 
playground or running very fast in a race, it is possible 
to describe how the activity makes you feel. 
Sometimes exercise can feel hard, sometimes it can feel 
easy. 

Scientists have developed a special scale for children, to 
understand how the exercise makes you feel. The scale 
starts at 1 (very, very easy) and goes up to 10 ( so hard I 
am going to stop). Each number on the scale has a 
different 'feeling' next to it. 

We would like you to practise using this scale to produce 
a level of exertion for which you would give a number 
3, 5, and 8 on the scale. 

In the exercise period that follows this short practice 
period, you will be asked to exercise at these levels for 
about 3 minutes. The order of the exercise levels may 
be mixed. 
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Dl: Chapter 3 Factorial Analysis 
Analysis of variance Summary Table (Heart Rate data) for CERT, BABE and CALER 

------------·-· .. 

Source of sum of 
variation OF Squares Mean Square 11'-Ratio Sig t. 
--------------------------------·------------------------------------------------
Between 
subject total 17 29323 . 83 

Scales. 2 690.75 34S.38 0.18 0.805 

Residual. 15 286"33~08 1908.87 

Within 
subject total 144 17425.67 

Trials. 2 393.00 . 196.50 0.95 o.so 
Scales . Trial. 4 403,50 : 100.88 0.49 0 . 580 
Residual. 30 6177,92 205 . 93 
sub-total 36 6974 ·,42 

Level. 2 7l._10. 50 3S55.25 76,18 0.006 
Scales. Level. 4 14.50 3.62 O. Q8 0.961 
Residual •. 30 HOO.OB 46.67 
sub-total 36 8525.08 

Triah. Level. 4 10-5.50 26,38 0.93 o.415 
scales. Trial Level 8 118, 00 14. 75 0.52 0.862 
Residual. 60 1702.7S 28.38 
sub-total 72 1926,25 

---------------------,------------------------------------ .-----------
Grand total 161 ! 46749.50 

----------------------------------------------------------------------
HEART RATE DATA 

---------------- .---------------------------------------------------------------· 
Sou~ce of SWII of 
Vai-iation OF square11 Mean Squax-e F-Rati< 

------------------------------------------------------------~-----------------.-· 
Sca1es. Linear trend 1 154 . 08 154 . 08 0.08 

Scale's. Quadratic trend 1 53.6.69 536.69 0.28 

Trials . Linear trend l 228.21 228.23 1.11 

Trial&. Quadratic trend l 164.69 164,69 0.80 

Level. Linear t:r;end 1 7105~33 7105 , 33 152.25 

Level. QUadratic trend 1 5,44 5.44 0.12 
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Analysis of Variance Summary Table (Power Output data) for CERT, BABE and CALER 

source of sum of 
Vari~Hon . DF · squares Mean Square F-Ratio Sig l!'. 

----------------------·----------------------------------------------~-------
Between 
subject total 17 19178, 37 

Scales, 2 2614 . 25 1307,12 1.18 0.351 

Reel.dual. 15 16564,12 1104.27 

Within 
subject total 144 816.79 

Trials . 2 0.06 0,03 0.03 0 . 883 

Scale!J • Trial . 4 3.38 o. 84 o. 80 o.ss2. 
Residual. 30 31 •. 59 1.05 
Sub-total 36 35 , 03 

Level. 2 726.97 363,48 355.95 0.000 
scales . Level. 4 8,59 2.15 2.10 0.172 
Residual. 30 30.64 1.02 
Sub-total 36 766.20 

Trial s. Level. 4 1.47 0.37 1.85 · -0.556 
Scales. Trial . Level. 8 2.06 0,26 1.30 0.269 
Resi dual. 60 11,91 0.20 
Sub-total 72 15. 44' 

-------------------------------------------------------------------
Grand total . 161 19995.16 

---------------------------·---~------------------------------------

·-· - - ... 

-Source of Sum of 
Variation DF Squares. Mean Square !'-Ratio 

. ---------------------·-~---------------------------------------·--------
Scales. Linear trend 1 539.13 53.9 , 13 o·. 49 

... 207S •. 31 l.88 scares . Quadratic trend l 2075.31 

Trials. Linear trend 1 0.16 0·, 16 0.1:s 

Trials. Quadratic trend 1 o.o9 0.09 o.o·a 

Level. Linear trend 1 727.,07 n1 . 01 711.99 

l,i!vel . Quadratic trend l 0.01 0 . 01 o.·01 
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Analysis of Variance Summary Table: CERT (Heart Rate) Data 

source of sum of 
Variation DF squares .Hean Square F-R~tio Sig .• F -----------------------~---------------------------------------------------'-
Between 
subject total s l.3189.83 

Within·· 
subject total 48 · 7872. 67 

CERT. 2 2345.50 l.l.72.75 28.21 
Residual. l.O 415.79 41.58 
Sub-total l,2 2761.29 

TRIALS. 2 666.25 333.12 o •. 93 
Residual. 10 3563.71 356.37 
Sub-total. 12 4229.96 . 

CERT. TRXALS. 4 l.12.25 28.0.6 
Residual.. 20 769.12 38.46 
Sub-total 24 881,38 

-------------------------------------------------------------------
Gcand total. S3 . 21.062.50 
---------------. --- ·--------------------------------------·---------
CERT. Linear trend l 
CERT. Quadratic trend . l 
TRIALS. Linear trend l. 
TRIALS. Quadratic trend l. 

2336.ll 
9.48 

568,03 
98 • .23 

2336.l.l 
· 9.48 
568.03 
98.23 

56.18 o. 23 .. 
l..5!1 
0.28 

Analysis of Variance Summary Table: BABE (Heart Rate) Data 

0.000 

0.424 

O.S82 

Source of 
Variation OF 

SUIII Of 
Squaces Hean. square' i r--Rati_o Sig. J! 

---------------------------------------------------------------------------------
Between 
subject total s 5283.10 

Withi:n·• 
subject total 48 4805.78 

BABS. 2 2473.12 l.236.50 19.14 . 
Residual.. 10 64S.96 64,60 
Sub-total. l.2 31.l.9. 08 

TRI:ALS. 2 79,12 39.S6 0.33 
Residual. l.O 121.3.29 121.33 
sub..:total 12 1292,42 

BAB.&.TRXALS 4 41.38 10.34 O.S9 
Residual.. 20 35:.?.88 17 . 64 
sub-total 24 ~94:25 

------------------------------------------------------------·-----------
Grand total 53 10088.88 

--------------~---------------------------------------------·-----------
BABE. Linear trend 
BABB. Quadratic trend 
TRIALS. Linear trend 
TRIALS. Quadratic trend 

l 
1 
l. 
l 

2466.78 
6 . 26 

12.-25 
66.90 

269 

2466.78 
6,26 

·12. 2S 
66.90 

38.19 
0.10 
0.10 
o.ss 

o.o<io 

0.680 

0.760 



source of 
Variation 

Analysis of Variance Summary Table: CALER (Heart Rate) Data 

. su111 of 
Dl' Squares Mean square F-Rat.j.o ,Sig. F 

------·---------------~---------- .------------- .---------· --------------------
Between 
subject total 5 10160.61 

Within~ 
subject total 48 ' 4760 . 89 

CALER. 2 2j25,88 1162 . 114 35,78 
Residual. 10 325.00 32,50 
Sub-tot~l 12 2650.88 

TRIALS. 2 .51.12 25.56 0.18 
Residual. 10 1400, 42 140,04' 
Sub-:total 12 1451,54 

CALER.TRIALS. 4 60.88 15 . 22 0 . 51 
Residual. 20 597,62 29.88 
Sub-total 24 658, 50 

- - -------------------------------------------------------------~~--Grand tot.al 53 14921.50 -----------------------·-------------------------· ------------- ·-------
CALER. Linear trend 1 
CALER. Quadratic trend l 
TRIALS. Linear trend 1 
TRIALS. Quadratic trend l 

2320, 03 
5.79 

34.03 
17 . 12 

2320,03 
5 . 79 

34,03 
17.12 

71.39 
0.18. 
0 . 24 
0.12 

Analysis of Variance Summary Table: CERT (Power Output) Data 

Source· of 
Variation 

SWII of 
DI" squares Mean Square F-Ratio 

0.000 

0.836 

0.670 

Sig. F 

-------------------------------------------------------------------------------Between 
subject total 5 1923.86 

Withln 
subject total 48 349.lS 

CERT, 2 315.02 157 . 51 Si37,22 
Residual . 10 2,68 0.27 
Sub-total 12 317,70 

TRIALS. 2 1.45 0.73 0.32 
Residual. 10 22.43 2,24 
Sub-total 12 23.89 

CSRT . TRIALS. 4 2,44 0,61 2.38 
Residual. 20 5,12 0.26 
Sub-total 24 7 , 56 

-------·---·----------------·-·-------------------------------·-----------
Grand total 53 

CERT, Linear trend l 
CERT. Quadratic tr•nd l 
TRIALS. Lin•ar .trend 1 
TRIALS. Quadratic trent 1 

2273,02 

314.94 
0.19 
0, 71 

· 0.86 

270 

JU.94 
0,19 
0,71 
0,86 

1174.16 
0,72 
0,32 
0.38 

o.oo.o 

0.711 

0.1.os 



Analysis of Variance Summary Table: BABE (Power Output) Data 
source of 
Variation 

sum of 
OF Sq~ares Mean Square F-Ratio Sig. F 

--------------------------------~---------------------·---------------------· 
Between 
subject total 5 9340 .• 13 

Within 
subject total 48· 22.7·. 71 

BABE. 2 191.69 95.84 45 . 46 
Rl!lsidual. 1:0 21,08 2 . 11 
Sub-total 12 21:a . 77 

TRIALS, 2 1.ss o. 77 . 0.92 
Residual. 10 8.43 0.84 
Sub-total. l.2 9.98 

BABE. TRIALS. 4 0.95 0.24 
Residual . 20 4.03 0 . 20 
Sub-total 24 4.98 

-------------------------------------------------------------------Grand total 53 9567.84 
-----------------------·---~---------------------------~-----------BABE. Linear trend 1 
BA.BB. Quadratic trend l 
TRIALS. Linear trend 1 
TRIALS. Quadratic trend l 

191,64 
.0.16 
1. 25 
0.42 

.. 191.64 ," 
0 . 16 
1.25 
0.42 

90,90 
0 . 07 
1.48 
0 , 49 

D.000 

0.402 

0.431 

Analysis of Variance Summary Table: CALER (Power Output) Data 

source of 
variation 

Sum of 
DP square• Heon Squate F-Ratio Sig. F 

-----------------------·--------------------------- --·---------------------
Between 
subject total s· 5300.97 

With,in 
subject total 4'8 239.25 

CALER . 2 2.27.9:Z 113,96 
Residual . 10 7.33 0.73 
Sub-total 12 235.26 

155 . 40 

TRIALS, 2 0.12 0.06 
Resi:dual. 10 1. 20 0.12 
Sub-total 12 1.33 

0 , 52 · 

CALER.TRIALS , 4 0.52 O~l.3 
Residual.. 20 2 , l.7 0.11 
Sub-total. . 24 2.69 

1.19 

---------------. ----------------------- . - . ------
Grand total. 53 5540.22 

------------------------------------------------------------------
CALBR. Linear trend. l. 
CALE~. Quadratio tre nd 1 
TRIALS. Linear trend l. 
TRIALS. Qua.cSratic trend 1 

227 . 96 
·o.o& 
0.17 
0,06 
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227.96_ 
· 0.06 

0 •. 11 
0,06 

31.0,85 
0 . 08 
l..39 
0.46 

9.000 

0.512 

0.468 



D2: Linear Regression Analysis 

SUMMARY OUPUT: CERT (Power Output) 

Multiple R 0.34147839 
R Square 0.118807.(9 
Adjusted R Squara 0.06139546 
Standard Error 6.38156007 
ot>servattons 1 a 

Intercept 
rating 

54.0246491 
1.06381579 

4.183815034 12.912n 7.06E-10 45.1~ 62.89394 45.1553595 62.8939388 
0.732015144 1.45327 0.165481 -0.467986842 2.615618 -0.4879866 2.61561822 

SUMMARY OUPUT: BABE (Power Output) 

Mlltlple R 0.13293199 
R Square 0.01767091 
Adjusted R Square -0.0437247 
Standard Error 14.224204 
Observations 18 

45.3no11s 9.32553135 4.6651191 0.000112 2s.oom868 M.1-4626 2s.61Jme1 65.1462564 
0.87535088 1.631628099 0.536489 0.599001 -2.583545395 4.334247 -2.5835454 4.33424715 

SUMMARY OUPUT: CALER (Power Output) 

Multiple R 0.21307955 
R Square 0.0454029 
Adjusted R Square -0.0142594 
Standard Error 10.5176591 
ObservatlOns 18 

lnten;ept 
rail 

49.7574561 
1.05245&14 

e.a954831n 1215949 2.oee..os 35.13968811 s...37522 35.1396881 
1.206458237 D.872352 0.395919 •1.605120491 3.610033 -1.505120S 

SUMMARY OUPUT: CERT (Heart Rate) 

RmssiotJ Stattstlca 
Multiple R 0.48139781 
R Squ.e 0.2317-4388 
Adjusted R Square 0.18372785 
Standard Error 14.4631167 
Oblervltlofls 18 

129.72807 
3.64473684 

9.482164896 13.68127 3.01E-10 109.6287831 149.~ 109.826783 
t.659033281 2.196904 o.043104 o.12n44235 7.161729 0.12774423 
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SUMMARY OUPUT: BABE (Heart Rate) 

Mlultlple R 0.55228925 
R Square 0.30502342 
Mjusted R Square 0.26158738 
Standard Error 11 .486331 
Observations 18 

Intercept 
ralln 

140.324581 7.529898861 18.63585 2.8-iE-12 124.3618929 156.2872 124.361893 156.28723 
3.49122807 1.317457824 2.6-49973 0.01747 0.698342878 8.284113 0.69834288 6.28411326 

SUMMARY OUTPUT: CALER (Heart Rate) 

Multiple R 0.51215123 
R Square 0.26229888 
Adjusted R Square 0.21619256 
Standard Error 11.1734359 
Observations 18 

lnteroept 
ra1ln 

138.807018 
3.05701754 

7,325417043 18.94868 2.2E-12 123.2n8306 154.3362 123.2na31 154.336204 
1.281680994 2.385163 o.029785 o.339975827 s.n-4059 o.33997583 s .n405926 

Data from Figure 1: Williams et al. (1994) 

HR(bpm) 

HR(bpm) 

PO(W) 

PO(W) 

= 

= 

230 -110 (CERT Effort Rating) + 110 
10-0 

12 (CERT)+ 110 

100-10 (CERT Effort Rating)+ 10 
9-0 

10 (CERT)+ 10 
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E: Chapter 5 Factorial Analysis 

Analysis of"Variance Summary. Table HEART 
Sour~a of Variation DF Sum o.f Squares Mean Squ.are F'-Ratio 

Between subjects total 29 29883.83 
lroup. 1 252.00 · 2s2.oo 0.24 .425 
Resi~ual 28 ' 2963J..~3 1058.28 

Within subj ecte total 150 ·22997.67 ~-- 1 1100.00 1:100.00 5.50 .047 
Group .Mo4e. l' 2 ·. 00 2.QO 0.01 .911 
Residual 2.8 5599.50 199.98 
Sub-total 30 · 6701.50 

Ldavel. 2 14898.00 7449.00 1198.69 .000 
Group. Level • 2 2.00 1.00 0.16 .553 
Residual 56 ' 3.U .• 00 6.21 
Sub-total 60 . 15248.·00 

l!Ode. Level. 2 287.0'0 143.50 10.99 .009 
Group.Mode.Level. 2· 29.50 14.75 1.13 .4«Y.2 
Residual 56 731.50 13.06 
Sub-total (jO 1048.00 

Grand total 179 52881.50 SigF • . 

i.e'vel. Linux trend l 14896.41 14896.41 2397:12 
t.evel. Qu,adratic trend 1 1.47 1.47 . 0.24 

Analysis of Variance summary Table 
Source of Variation DF Sum of $qua.res Mean Square F-Ratio 

Between subjects total 29 9250. 79' 
1roup. 1 693.62 693.62 2.27 ."324 
Residual - 28 8557.17 305.'61 

Wi.thin .subj ectli total 150 28458.27 

tll()da. 1 7709,12 7709.12 39.97 .006 
F-oup. IIIG>de. 1 216.31 216.31 1.12 ..249 
Residual 28 5401.04 192.89 
Sub-total· 30 13326.48 

Level. 2 9629,25 4814.62 593.'8'7 .000 
frOUP. level·. 2 7.56 J.78 0.47 .705 
Residual 56 45.4.00 8.11 
Sub-total 60 10090. 81 

IIOde.level. 2 4S91.50 2295.75 287.13 .000 
frpup.mode.level. 2 1.75 0.88 0.11 .615 

Residual 56 447.75 8.00 
Sub-total 60 5041.00 

Grand total 179 37709.06 SlgF. 

Leve.l. Linear t:rend l 9617.66 9617.66 1186.32 
Level. Quadratic trend 1 11,8-l .11.84 1.46 
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HR3 

Source of Variation 
Analysis of Variance Summary T'1:]le 

DF Sum of Squares Mean Square Ji'-Ratio 

Between subjects total 29 .30455 ~ 83··· 4
• 

,r01,2p. l 198.00 198.00 0.18 .570 
Residual 2.8 : 30257. 83 1080.64 

~ithin s~jects total 150 14759.67 

Jtode. l 98.00 98.00 0.44 .691 
,roup.Mode. l ~(i.50 66.50 0.30 •.450 
Residual 28 6288.33 224.58 
Sub-total 30 6452.83 

lrial . . 2 90.00 45.00 0.61 .633 
Group. Trial. 2 350.00 175. 00 2.37 .SCY1 
Residual 56 4131.00 73.77 
Sub-t9tal 60 4571.00 

Kode. 'l'r 1 al . 2 105.50 · s2:1s 0.87 .557 
Croup.Mode .Trial. 2 250.00 125.00 2.07 .4-02 
Residual 56 3380.00 60 . 36 
Sub-total 60 3735,50 

Grand total 179 45215.50 SlgF. 

'Trial. Linear trend l 38.53 38.53 . 0.52 
lrial. ~atic tren<1 l 51·.35 51.38 0.70 

Analysis of Variance _Summary Table HA5 
Source of Variation DF Sum of Squares Mean Square F-Ratio 

Betwean subjects total 29 32126.83 
(icoup. l 286.00 286.00 0.25 .781 
· Residual 28 31840.83. 1131.17 

Within subjects total 150 13993.67 

rt>de. l 1372.50 1372.50 S . 61 .048 
Group~Moda. 1 11.50 · 11.50 0.05 .890. 
Reisidual 2a 6852.83 2H.74 
Sub-total 30 8236.83 

Trial. 2 209.50 °104.75 2.37 .4-02 
Croup. Tri al • 2 93.50 46.75 1.06 .• 571. 
Residual 56 2477.00 · H.23 
Sub-total 60 2780.00 

itoda. Trial. 2 85.50 42.75 0.86 .300 
Grpup.Mode .Trial. · 2 115.50 57.75 i.17 .320 
Residual 56 2775.50 49.56 
Sub-total 60 2976.50 

Grand total 179 46120.50 SigF, 

1r1al. Linear trend 1 16.13 16.13 0.36 
Trial. Quadratic trend 1 193.60 193.60 4.38 
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HRS · 

Between subjects total 29 28167.00 
Group. l 245 . 00 245.00 0.25 .a:30 
Residual 28 27922.00 997.21 

'Within subjects total 150 13450.00 

~e. 1 · 2660.50 2660.50 13.01 .008 
Gr0\.111 ,Moda. l 0.50 o.so o.oo .952 
Residual 28 5724.33 204.44 
Sub-total 30· 8385.33 

Trials. 2 87.00 43.50 1.21· .373 
Group.Trials. 2 51.50 25.75 0.72 .740 
Residual · 56 2006.50 35.83 
SUb-total 60 2145.00 

riode.'Trials. 2 16.00 8.00 0.16 .610 
Croup.Mode.Trials. 2 153,00 76.50. 1.56 .119 
Rest-dual 56 2750.50 ' •- 49.12 
Sob-total, 60 2919.50 

Grand total 179 41617.00 SigF. 

trials. Linear trend 1 3.67 3.67 0.10 
Trials. Quadratic trend 1 83.14 83.l.4 2.32 

Source of Variation 
Analysis of Variance Swamary .Table P03 

DF SUIII of Squares Mean Square .F:..Ra.tio 

Between subjects total 29 6945',06 
6'roqp. l 511.50 511.50 · 2 .• 23 .705 
Residual 28 6433.56 229.77 

Within subjects total 150 7630.88 

,tode. 1 5.62 5.62 0.03 . .837 
Croup .Mode. · 1 277.75 271. 75 1.63 .119 
Residual 28 4760.67 170.02 
Sub-total 30 5044.04 

trials. 2 318.31 159.16 8.63 .009 
k'oup. Trials. 2 6.0.06 30.03 l.6'3 .576 
Re.sidual 56 1032.25 18.43 
Sub-total 60 1410:62 

l!ode.'l'lriala. 2 216.44 lQS.22 6.54 .008 
~roup.Mode .Trials. 2 33.69 16.84 1.02 .621 
Residual 56 926.06 16.54 
Sub-total 60 1176.19 

Grand tot&l. 179 14575.94 . SlgF. 

lria.ls. 'Linear trend 1 314.28 314.28 17.0S 
lrials. Quadratic trend l 4.31 4.31 0.23 · 

277 



P0'5 
Analysis of Variance Summary Table 

F-ltiltio S(!Urce of Variation DF Sum of Squares Mean Square 

Between subjects total . 29 9541.6S : 
Group. 1 751.38 751.38 l.;39 · .621 
Reaidual 28 8790.27 313.94 

Within subjects total . 1SO 16691.61 

aode. 1 8580.69 8S8Q".69 41.31 .000 
Group.mode. l 196.19 . 19~.19 0;94 .710 
Residual 28 5815 . 31 207.69 
Sub- total 30 14592 . 19 

trials. 2 120.ll 60.06 3.48 .548 
Group . tri:ala . 2 2·4.44 12.22 0.71 . . 320 
Residual 56 967.00 17.27 
Sub-total · 60 1111.56 

CIOde.tx;ials. 2 77.75. 38 . 88 2.57 .541 
Group.mode.trials . · 2 61.62 30.81 2.03 .417 
Residual 56 848.50 15.15 
Sub-total 60 987.88 

Grand total 179 26233 . 25 SigF. 

trials. Linear trend 1 115 . 64 115.64 6.70 
trials . Quadr.ati<t trend 1 4.58 4.58 0.27 

P08 
Between subjects total 29 12694 . 29 

Group. 1 854.81 8S4.81 2.02 .32'.. 
Residual 28 11839.48 422.84 

Within 'subjects total 150 37979.21 

Koda . ·l 28403.12 28403.12 11'1. 63 .000 
liroup.Mqde . 1 184.81 184 . 81 0,75 .591 
Residual 28 6937.79 247.78 
Sub-total 30 35525.73 

Trials. 2 12.44 6 .22 ·o. ~o .6 10 
&roup. Trials . 2 28.75 14.38 0.70 .537 
R~sidual 56 1142.00 20.39 
SUb-total ·50 1183.19 

rtodo.Trials. 2 0.56 0.28 0.01 .818 
,roup.Mode. Trials. 2 · 61.75 30.88 1.43 .760 
Residual "" 56 1208.44 21;5e 
Sob-total 60 1270. 75 

Grand total 179 50673 . 50 SigF. 

Trials . Linear . trend ·1 9.92 9 . 92 0.49 
lri:als . ~dratic· trend 1 2.62 2.62 0.13 · 
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F: Coefficient of Variation 

POWER OUTPUT DATA 

Power.DAT Mean SD 0(%) 

Caler. Cycle 70.409 15.06 21.39 
Caler.Step 55.129 6.92 12.55 

Babe.Cycle 72.144 16.90 23.43 

Babe.Step 61.247 12.01 19.61 

HEART RATE DATA 

Heart.DAT Mean SD \) (·/•) 

Caler.Cycle 167.800 11.n 10.59 

Caler.Step 162.644 16.76 10.30 
Babe.Cycle 169.956 20.59 12.11 
Babe.Step 165.222 16.63 10.07 
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G 1: Scale Preference Questionnaire 

Prifysgol Cymru · Lin1vers1ty of Wales 

1'1 l)cccmhcr 2000 

I )car J eiA"'-a. . 

5tl1Co1 c l Sport, ltc:ilth ond 
t!acrc l~o Sclcr.~:11 
Un.,et:.iy c.11.•1.a:e-. 0->"');t 

CY.'Jf'4,,'~J 

"""~ (lv.·,nc-->J t.L.Si' ~ X 

V:.901 a, ,.,·tJaor.iu Crwn1 r.1eon, 
lochy<J ~t Ym,1rlet 
P,Jr'.-IJ(ICtT"':R. ~~':.f 
,'\dt.!.M (tko-1,jO 
D'\t,;.:.t 
(i"'f'IC<Stll...~'":!PY. 

l .U.~.)11 ·01:ua1 ~ l !.C l5J491 t;'icncrlll Otf.co.,SW"Jd<Jl~ ij )'~l11:J .. .<.1 
f a.w.l !.:Hi \i;l:-ISJJ i':o-53 
k·A\;1 ~E ,o.,;.S ~.Cll.lb.,f")Go ... .,., 

Thanks for taking part in the Cycling and Stepping e:-.crcises held 
at Walter Powell Primary School, Great Somerford. I hope you 
enjoyed it! 

I f you had to complete tht: ext:rciscs again, wh ich Scale would you 
prefer to use? Please tick I box below to show the Scale you 
would prefer to use. 

I WOL.1..1) PR l·:l·l :R ·tu\ st : rt-II 
C:,\RTtCYCI l"\JG 1SC,\I .I· 

!'lease ticl< C 

Thanks for your time! 

pvli.h.-.. A .. /Lu..i. 
Pam Shepherd 
I'll[) ~lUUClll. 

0 1? 
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I l 
I -··-·-......... I 

!'- \ J£j 
I \\Ol: LD !'REFER f() L"SF rt IL' 
!lll(i 1STl:l'i'I M] 1 SC.\1.1" 

Please lick C 

Ho.id ol SchOJI 
Penna.en, ':'SQOI 
Or Roger Es1on, OPE. MEd. BEcJ 
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G2: Chi-squared Analysis 

Cross tabulations / Chi-squared 

Corrected Chi-squared = 4.171 with 1 degree of freedom 

Contingency Coefficient = 0.355 

Cramer's V = 0.379 

Lambda-AB = 0.38 (symmetric) 

Count 
Row% Used CALER Used BABE Totals 
Col o/e 
EmVal 
.. .. 9 ,. · 3 12 
Change 75.0 25.0 

64.3 20.0 41.4 
5.8 6.2 
5 12 17 

Retention 29.4 70.6 .. 
35.7 80.0 58.6 
8.2 8.8 
14 15 29 

Totals 48.3 51.7 

283 



APPENDIXH 

284 



\ tr, ra,, 

\ rr " •' '" 

Hl: BABE Scales 

Bug And Bag Effort Scale (BABL Scale 

Ea." \t.nrtin:; to 
g<I hnrd 

. .. 

6 8 9 10 
, en h,1nl ~n hnrd l 111 

:!UIDJ! tu :o.op 

Bug \ od Uni; n~'.ai, (BYBF f-. ralt-) l 
.,_...__......_,.... w w , :m- - ·~..,.-TJO~•~•~~~ 

1.. ,, :"-U1rT1 1tf If• 

~l: I h:tn • 
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H2: Chapter 6 Factorial Analysis 

R~ons (With BABE) 

. Analysis of Variance S~ Table 
Source of Variation DF Sum of Squares Mean Square F-Ratio .. 

Batwa~ subj ecte tota-l 14 

W~thin subjects total 105 . 

S.tat •• 3 
Residual 42 . 
Sub-total 45 

Level. 1 
'Residual 14 
Sub-total 15 

Stat. ~ Level. 3 
Residual 42 
Sub-total, 45 

Grand total 119 

Stat., Linear trend 1 
Stat •• Quadratic trend 1 
Stat •• Cubic trend 1 

Analysis 
Source of Variation DF 

· Between subjects total . , 14 

Within subjects total . 105 

Stat •• · 3 
Residual 42 
Sub-total 45 

Levei. 1 
Residual 14 
Sub-total 15 

Stat •• Level • 3 
Residual 42 
·sub-total 45 

Grand total 119 

Stat •• Linear trend 1 
Stat •• Quadratic trend 1 
Stat •• Cubic uend 1 

10266.88 

95296.12 

75576_.28 
6296.34 

0,-812.62 

4725.09 
1650.78 
6375,88 

2169.38 
4878.25 
7047.62 

105563.00 . 

37209.38 
.4'6. 88 

38~20 .• 04 

25192.09 
149.91 

472!L09 
117.91 

723.12 . 
116 ~ 15' 

37209.38 
46.88 

38320.04 

- ,, 

168. 04 .000 

40.07 .000 

6.23 .001 

. sigr. 
248.21 

0.31 
255.62 

Pedometey (With BABB) 

o! Variance Summary Table. 
Mean Square F-Ratio Sua of Squares 

19338.69 

51151.25 

11099.00 3699.67 13.36 .000 
11630.25 276.91 
22·729.25 

12937.62 12937.62 45.09 .000 
4016.62 ,286.90 

16954.25 

3120:94' 1040.31 5.23 .004 
8346.81 198.73 

11467.75 

70489.94 SlgF. 

9938.94 9938.94 35.89 
572.03 572.03 2.07 

' 588,06 588.06 2.12 
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Rcp~tions ~itho\Jt BABE) 

Analysis of Variance 'Summary Table· 
Source of Variation DF sua of Squares Mean Square F-Rat~o -. 

Between subjects total . . _ 14 5091,12 

~thin subjects total t05 95697.88 

Stat .. 3 80698.Bl 2689.9.60 186.79 .00( 
Residual 42 6048.56 lU.01 
Sub-total 45 86747.38 · 

Circ:., l 267.00 267.00 1.44 ·.2sc 
ltesidual 14 26.00.62 185. 76" 
Sub-total 15 "2867-.62 . 

Stat • . Circ • • 3 316.97 105.66 0.11 .518 
Residual 42 5765.91 137.28 
Sub-total 45 6082.88 

Grand total 119 100789 . 00 SlgF 

Stat •• Linear trend 1 46~05.04 46905.04 325.70 
Stat •• Quadratic trend 1 7l5.4i 715.41 ... 97 
Stat •• Cubic \:r81ld 1 33078 . 38 33078.38 229 , 69 

Pedom~try (Wi!)wut a.ABE) 
Analysis of Variance Summary Table 

Source of Variation DF Sum of Squares . Mean Square F-Ratio 

Between subjects total u °15460.69 

Within subjects total 105 42861.25 

s~at •• 3 11806.88 3935", 62 13.38 .ooc 
Relidual 42 12354.38 29,J . 15 
Sub-'total 45 2•'161.2? 

:frc • • l 681.62 681.62 1,80 .201 
Re sidual 14 5295.62 378 . 26 
Sub-total 15 5977 . 25 

;tat •• Circ •• .3 1163.31 387 . 77 1.41 .254 
Residual 42 11559.44 275,22 
Sub-total 45 12722.75 

Grand total 119 58321.94 SlgF. 

3tat • • Linear trend ·1 11025. 31 11025.31 . 37 . 48 
1tat •• Quadratic trend 1 270.00 270.00 ·o.92 
3tat •• Cubic trend l 511.53 511.53 1.74 
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H3: Factorial Analysis 

Analysis of Variance Summary Table 
Source of Variation DF SUlll of Squares Mean Sqtiare F-Ratio 

Between sUbjects total 12 .. 64.42 

Within subjects total 39 43.SO 

Trial. l 3.77 3 . 77 2 . 55 .136 
Residual 12 17.73 1.48 
Sub-total 13 21 . 50 

Scale. 1 0 . 08 0.08 0.14 .711 

Residual 12 6.42 0 . 54 
Sub-total 13 6.50 

rrial.Scala. l 0 . 69 0.69 0 , 56 .468 

Residual 12 14.81 1.23 
Sub-total 13 15.50 

Grand total 51 107.92 SigF. 

Analysis of Variance Swmaary Table 
Source of Variation DF Sum of Squares Mean Square F-Ratio 

Between subjects total 12 35 . 73 

Within subjects total 39 27.25 

Trial. 1 4.33 4.33 3 .87 .043 
Residual 12 13.42 1.12 
Sub-total 13 17.75 

Scale. 1 1.56 1.56 
Residual 12 4.19 0 . 35 

4 . 46 .041 

Sub-total 13 5 . 75 

Trial .Scale. l. 0.94 0.94 4 . 03 .048 
Residual 12 2.81 0 . 23 
Sub-total 13 3.75 

Grand total .51 62.98 SlgF. 

Effi:Jrt-lmpominco · 

Analysis o£ Variances~ Table 
Source or Variation DF Sum or Squares Mean Square F-Rati.o 

Between subjects total~ •12 36.27 

Within subjects total 39 . 38 . 50 

'rial. 1 3.77 3.77 
Res idual 12 ll.73 0.98 
Sub-total 13 15.50 

3.86 .043 . 

:cala . 1 2.77 2 . 77 
Residual 12 12.73 1.06 

2.61 .132 

Sub-total 13 15.50 

'rial.Seale. 1 0.69 0.69 
Residual 12 6 . 81 0 . 57 

1.22 .291 

Sub-totai 13 7.50 

Grand total 51 74.77 SigF,' 
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