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Abstract: The purpose of this paper is to describe the measurement issues that complicate 

assessments of the physical activity specifically in children. Some of the issues are common to the 

challenges for any population but other factors stem from the unique developmental and behavioral 

aspects of children. Emphasis in this paper is on issues for pre-adolescent children since challenges in 

activity assessments are greater for younger children. While many issues remain for adolescents, they 

tend to become cognitively and behaviorally more similar to adults by the time they reach high 

school. By narrowing the focus on younger children we hope to address the substantive issues for 

assessments in young children in greater detail. 

The goal is to health benefits through physical activity. The health benefits for adults are established 

through Public Health Departments. Similar links with children are not as well established since it 

takes time for unhealthy behaviors to influence chronic disease. Nevertheless, there has been 

tremendous interest in assessing and promoting physical activity among children. Much of this 

interest stems from the highly publicized increases in the prevalence of pediatric obesity. Studies have 

documented the important role that physical activity plays in weight control and significant tracking 

coefficients have been observed for obesity, coronary risk factors and physical activity/inactivity 

among youth. 

The techniques for bringing on health are a numerous. They have been used to assess physical activity 

in a variety of populations (self-report, activity monitors, pedometers, heart rate monitors, doubly 

labeled water, and indirect calorimetry) and others that have been developed specifically for children 

(direct observation). Each of the measures has specific advantages and disadvantages that must be 

considered when selecting an instrument.  

Key words: self-reporting, activity monitors, observations, validity, movement patterns, kinetic 

program 

INTRODUCTION 

The center to the understanding of some 

accurate assessment techniques of any 

population is a clear understanding of the 

nature of the individual or individuals being 

studied. Therefore, we will first describe the 

unique aspects of children‟s movement 

patterns and how these patterns influence the 

various measurement approaches used to 

assess physical activity. Next, we will review 

the current physical activity guidelines for 

children and clarify why it is important to use 

appropriate criteria when making 

determinations about the physical activity 

levels of children. Finally, we will review 

some of the more common physical 

assessment tools to determine the usefulness of 

each in studying children‟s physical activity 

[1]. 

Table 1. Characteristics That Differentiate Children From Adults in Physical Activity 

Type Characteristic Implication 

Biological Need for high level of 

central nervous system 

arousal 

•High volume of physical activity is typical

•Low tolerance for total inactivity

•Spontaneous activity is common

Cognitive 

Functioning 

More concrete (less 

abstract) thought process 

•Relatively short attention span on any given

task •Less interest in continuous activity 

•Failure to see long term benefits of activity (e.g.

health benefits) 
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Less developed cognition •Less accurate recall •Inability to accurately

estimate time 

Physiological Limited tolerance for 

vigorous physical activity 

•Activity typically intermittent in nature

Weak relationship between 

fitness and physical activity 

•Effort (active behavior) does not necessarily

result in increases in fitness thus positive 

feedback for active behavior is lacking 

Biomechanical Poorer economy and 

efficiency of movement 

•Quicker onset of fatigue, and need for frequent

rest 

•Less interest in continuous activity

Psychological: (the 

"kid" factor) 

More available free time •More time to try new activities

Natural curiosity and desire 

for pursuing new tasks 

•Interest in exploring new activities

The Unique Nature of Children’s Physical 

Activity Patterns  
Several recent papers have provided insights 

as to the unique nature of children with respect 

to their propensity for physical activity. It was 

suggested a biological basis for the differences 

in activity patterns between children and 

adults. Children are inherently active primarily 

because it is physical movement that provides 

them with the necessary information required 

by the central nervous system for stimulation. 

Adults, on the other hand, achieve arousal of 

the central nervous system in a variety of non-

locomotor activities such as reading, writing, 

artistic expression, problem solving, and 

vocational pursuits. The fact that children of 

nearly all animal species are more active than 

adult populations supports this idea, namely 

that children have an inherent biological need 

to be active. 

An observational insight into the nature of 

children‟s activity habits will make us have a 

better understanding. Using a coding system 

calibrated against indirect calorimetry, it was 

recorded the intensity of children‟s activity 

every 3 s over a 12-hour period. Thus was 

allowed to characterize the “tempo” of 

physical activity in children, which was 

described as the natural variation in rate and 

intensity of activity events as well as the 

intervals between activity events. The median 

duration of low and moderate intensity 

activities were 6 s while the duration for high 

intensity activities were 3 s.  Nearly all bouts 

of vigorous activity (95%) lasted less than 15 s 

and only 0.1% of the bouts were longer than a 

minute. No bout of high intensity activity 

longer than 10 minutes was recorded. The 

median duration between high intensity 

activities was 18 seconds, but ranged between 

3 s and 21 min.  Periods of rest were clearly 

long in proportion to periods of activity, but 

95% of the „rest‟ intervals were less than 4 

min. and 15 s. This indicates that children do 

not remain inactive for extended periods of 

time. Collectively, these findings clearly 

document the highly transitory nature of 

children‟s physical activity. The authors 

suggest that short, intermittent bouts of 

vigorous physical activity (with frequent rest 

periods of longer duration) are typical of 

children and, in fact, may be necessary for 

normal growth and development [8]. 

Table 2. A Summary of Physical Activity Guidelines for Children 

Guideline Implications 

Elementary school children should accumulate at least 30-60 

minutes of age appropriate physical activity on all, or most 

days of the week. 

•Children need longer periods of time

in activity than adults (minimum 

standards).  

•Children are likely to accumulate

activity in many intermittent activity 

bouts rather than single bouts of 

continuous activity. 

An accumulation of more than 60 minutes and up to several 

hours per day of appropriate activities is encouraged for 

•Sixty minutes (see guideline 1) is a

minimum standard. 
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school aged children. 

Some of the child's activity each day should be in periods 

lasting 10 to 15 minutes or more and include moderate to 

vigorous activity. This activity will typically be intermittent 

in nature involving alternating moderate to vigorous activity 

with brief periods of rest and recovery. 

•Some relatively long periods of time

(at least 10-15 minutes) are necessary 

for children though activity need not 

be continuous or highly structured. 

•Both moderate and vigorous activity

is necessary but is likely to be in 

intermittent spurts. 

Extended periods of inactivity are discouraged for children. •Activity sessions throughout the day

are desirable and consistent with the 

developmental needs of children. 

A variety of physical activities from the Physical Activity 

Pyramid are recommended. 

•Children need variety to meet

developmental needs and to retain 

interest in activity. 

The guidelines of National Association for 

Sport and Physical Education on physical 

activity for children focus on the volume of 

activity and emphasize that intermittent 

activity is more likely to characterize their 

behavior than continuous activity. This 

document also highlights a number of other 

cognitive and behavioral differences between 

adults and children that should be considered 

when studying or promoting physical activity 

in children (see Table 1). 

Each of the characteristics described in Table 

1 also has implications for the assessment of 

physical activity. The fact that children have 

different patterns of activity (intermittent vs. 

continuous) necessitates that different intervals 

of assessment and/or outcome measures be 

used to assess their levels of activity. The less 

developed cognitive skills of children 

(characterized by concrete thinking) results in 

a lesser ability to effectively use self-report 

questionnaires. Biological differences in 

metabolism and biomechanical differences in 

efficiency and economy require different 

assumptions for measurement techniques that 

aim to estimate energy expended in physical 

activity. The implications of these various 

characteristics of children for each of the more 

common assessment techniques will be 

discussed later in this paper. 

Unique Activity Guidelines for Children  
Just as the unique characteristics of children 

should be considered when making decisions 

about the method of physical assessment so 

too should the unique expectations for children 

in activity to be considered .The need to assess 

physical activity in any population is based on 

the desire to determine the current activity 

status of that population and to determine if 

that population is meeting activity criteria that 

are appropriate for optimal health and 

development. For years, the activity guidelines 

for children were assumed to be similar to 

those recommended for adults. These 

guidelines generally indicated that activity 

must be of vigorous intensity for continuous 

periods of time (20+ minutes) to provide 

benefits. Some methods indicate (at 60% of 

heart rate reserve), a heart rate of 159 or 160 

was calculated as a target for children. A 

consensus review of activity guidelines later 

indicated that heart rates of 139-140 were 

sufficient to define the threshold for activity in 

children. Both levels have been used in a 

number of studies to characterize children‟s 

activity levels, but the level of 140 has had 

more widespread usage. 

Recently, there has been a shift toward the 

promotion of moderate-intensity physical 

activity for adults. This shift is based on the 

repeated observation that significant health 

benefits are obtained from modest levels of 

physical. The concept of accumulating 

intermittent activity is clearly consistent with 

children‟s normal movement patterns; 

however, most recommendations for „lifestyle 

physical activity‟ are intended and designed 

for adults (e.g., incorporating stair climbing 

and yard work activities into one‟s daily 

routine). This model incorporates normal, 

intermittent free play as part of a child‟s 

natural activity and specifies how much 

activity children need on a regular basis (see 

Table 2). The recent physical activity 

guidelines for children are based conceptually 

and philosophically on this model. Similar 

guidelines for children have been developed in 

Europe [3]. These guidelines should be 
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considered by those interested in the study of 

physical activity in children. Those interested 

in the study of physical activity in adolescents  

are referred to guidelines established by a 

recent international consensus group. 

Table 3. Results of Selected Studies Characterizing Activity Levels in Children: A Comparison of 

Different Criteria and Measures.  

Lead 

Author 

Participants Methods Criterion Results 

Heart Rate Monitoring Studies 

163 boys and 107 girls 

ages 11-16 

Continuous heart 

rate monitoring (12 

hours) 

% of children with 

HR > 139 for 20 consecutive 

minutes  

% of children with 

HR > 139 for 3, 5-minute 

bouts  

Total number of 

minutes with HR > 139 

(weekday)  

Girls: 12% active 

Boys: 23% active  

Girls: 53% Boys: 

70% 

Girls: 32 minutes 

Boys: 45 minutes  

65 girls and 67 boys ages 

10-11 

Continuous heart 

rate monitoring (12 

hours) 

% of children with 

HR > 139 for 20 consecutive 

minutes  

% of children with 

HR > 139 for 3, 5-minute 

bouts  

Total number of 

minutes with HR >139 

(weekday)  

Girls: 34% active 

Boys: 39%  

Girls: 85% Boys: 

90% 

Girls: 59 minutes 

Boys: 68 minutes  

43 girls and 86 boys ages 

10-11 

Continuous heart 

rate monitoring (12 

hours/day over 3 

days) 

% of children with 

HR > 139 for 20 consecutive 

minutes  

% of children with 

HR > 139 for 3, 5-minute 

bouts  

% of children with 

HR > 159 for 3, 5-minute 

bouts  

Girls: 37% Boys: 

39.5% 

Girls: 88% Boys: 

92% 

Girls: 70% Boys 

79% 

18 girls and 22 boys ages 

6-7 

Continuous heart 

rate monitoring (12 

hours) 

Total number of 

minutes with HR > 160  

Total number of 

minutes with HR > 140 

Girls: 9 minutes 

Boys: 21 minutes  

Girls: 30 minutes 

Boys: 56 minutes  

76 girls and boys ages 6-

17 

Continuous heart 

rate monitoring (8-

11 hours) 

% of children with 

HR > 60% of age predicted 

max for 20 minutes  

Total number of 

minutes with HR > 60% of 

age predicted max ~ 155 

bpm  

Total: 7% active  

Total: 15 minutes 

Direct Observation Studies 

14 girls and 10 boys ages 

8-12 

Direct observation 

on two days (12 

hours)
1

% of children active 

for 20 consecutive minutes  

% of children active 

for 14 minutes with only 1 

stop or break  

Total number of 

minutes of activity (reported 

for those who were "active")  

8-13% of 

children 

58-63% of 

children 

61-71 total 

minutes of activity  

27 girls and 29 boys Direct observation
2

% of children active 

for 20 consecutive minutes  

14% of children 

active 
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% of children active 

for 10 consecutive minutes  

Total minutes of 

activity 

46% of children 

active 

88.5 minutes 

Self-Report Instruments 

49 girls ages 8-11 Self-report of 

previous year 

Average minutes 

per day in moderate activity 

≥ 4 METs 

96.7 minutes 

336 5
th
 grade children Two activity 

assessments 1. 24 hr 

recall 2. 16-item 

survey 

Number of minutes 

of moderate physical activity 

≥ 6 METs computed with 

two measures  

Minutes per day 

for treatment and control 

groups 1. 72-82 minutes 

2. 89-99 minutes

45 children (25 girls and 

20 boys) in grades 6-8 

Computerized 

activity recall 

Number of minutes 

of physical activity (no 

specification of intensity)  

Girls: 85 minutes 

Boys: 67 minutes  

995 boys and girls ages 9-

15 

Self-Report of 

previous day 

(SAPAC) 

Number of minutes 

of physical activity  

Total: 168 

minutes 

National sample of 5
th
 and 

6
th
 grade

Parent report of 

child's activity
3

% of children 

performing regular activity 

Number of minutes 

of physical activity 

Girls: 49% Boys: 

56% Total: 102-120 

minutes 

2410 3
rd

 grade children Activity Interview 

with a log 

 Number of minutes

of moderate to vigorous 

activity a day 

Girls: 83 minutes 

Boys: 97 minutes 

1
Activity defined as continuous slow or fast trunk movements 

2
Activity defined as being commensurate with a heart rate of 140 bpm 

3
Activity defined as "exercise involving large muscle groups in dynamic movement for periods of 20 

minutes or longer 3 or more times a week."  

Characterizing Activity Levels in Children  
If the assessment of physical activity patterns 

of children is the goal, the standard used to 

define “being active” becomes highly relevant. 

Failure to use appropriate standards can lead to 

significant misinterpretations of both 

individual and group assessments of physical 

activity. Interpretations of studies on activity 

levels in children also can vary widely 

depending on what type of assessment is used. 

Some examples illustrate the importance of 

these issues for characterizing activity levels in 

children [4]. 

Prior to the development of specific physical 

activity standards for children, many studies 

were conducted to evaluate the habitual 

activity levels of children. To provide 

objective information about activity patterns, a 

number of studies used heart rate monitors or 

direct observation techniques. While varying 

slightly across the studies, the criteria in nearly 

all studies emphasized sustained aerobic 

activity for at least 10 minutes in duration. The 

percentage of children defined as “physically 

active” ranged from 8 to 39% depending on 

gender and nationality of the sample (see 

Table 3) leading most authors to conclude that 

children do not perform enough activity to 

obtain significant health benefits. 

A different interpretation from these studies is 

possible when the data are examined using 

more current activity guidelines. In the two 

original studies, the majority of children (53-

70% of 11-16-year-olds and 85-90% of 10-11-

year-olds) had at least three 5-minute bouts of 

activity during the day. The total minutes spent 

at heart rates > 40 bpm ranged from 31-68 

minutes. Using the criteria of minutes > 50% 

max heart rate (~ 149 bpm), other studies have 

reported means ranging from 29 minutes to 

70-80 minutes. These mean levels of activity 

generally indicate that children perform a 

reasonable volume of activity during the 

course of the day. 

Table 4. Methods of Assessment and the Characteristics of Physical Activity That Can Be 

Assessed.  

Method of Units of Measurement Type of Output Output Measure 
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Measurement 

Questionnaire Time segments (often 10, 

15, 30 min segments 

1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. # of bouts >

criterion level 

2. Number or %

of bouts 

3. # minutes >

criterion level 

4. Estimates

based on METS 

Heart Rate Beats per minute 1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. # of bouts >

criterion level 

2. Average HR

per day or interval 

3. # minutes >

criterion level 

4. Estimates

from calibration 

equations. 

Motion Sensors Movement counts 1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. # of bouts >

criterion level 

2. Average

counts per day or 

interval 

3. # minutes >

criterion level 

4. Estimates

from calibration 

equations 

Direct Observation Activity rating 1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. # of bouts >

criterion level 

2. Number or %

of bouts 

3. # minutes >

criterion level 

4. Estimates

based on METS 

Pedometers Step counts 1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. NA

2. NA

3. Number of

steps taken 

4. NA

Indirect Calorimetry O2 consumption 1. Frequency of

PA 

2. Intensity of

PA 

3. Duration of

PA 

4. EE of PA

1. # of bouts >

criterion level 

2. Average VO2

level 

3. Monitored

time above threshold 

4. Total energy

expenditure 

Similar differences in interpretation are 

evident in the studies employing direct 

observation techniques. Some reported that 

only 8-13% of children were active 
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continuously for 20 minutes, but 58-63% were 

considered active when less stringent criteria 

(14 minutes with one stop) were used. Other 

studies found only 14% of children to be 

active for 20 consecutive minutes but 46% had 

at least one sustained bout for over 10 minutes. 

These discrepancies also suggest that children 

are more likely to perform more intermittent 

activity. If bouts of activity are used as a 

criterion measure, the duration to define a bout 

of activity should be no greater than 10 

minutes [5]. 

A number of studies have also used self-report 

instruments to characterize activity levels in 

the population, both for intervention and 

surveillance purposes. Many studies reported 

that average minutes of activity per day are 

summarized to provide a comparison to the 

other studies using heart rate and direct 

observation (see Table 3). The mean minutes 

of activity in these studies ranged from 67 to 

168 min. per day. Because the activity levels 

reported in these (and other) studies are 

consistently higher than those reported with 

other instruments, the general consensus is that 

there is a consistent overestimation of activity 

using self-report instruments. This tendency 

was described in a comprehensive review of 

different surveillance instruments. It has also 

been noted that other studies compare self-

reports to other objective measures. 

While some degree of overestimation from 

self-report forms may be attributed to an 

exaggerated perception of time and effort, a 

certain amount can also be attributed to the 

sporadic nature of children‟s activity patterns 

and the nature of children themselves. 

Children may indicate that they were active 

while playing a sport or game but may have 

only been moving for a portion of the time. 

This is a more typical pattern of activity for 

children and their concrete thought processes 

causing them to view even short bouts of 

activity as significant. It is difficult to 

speculate on the degree of overestimation in 

children and it is also not clear if it is a 

consistent trend for all children. Specific 

efforts in some studies have been made to 

avoid this type of overestimation; however, it 

is not clear how they influenced the results. 

Collectively, these comparisons reveal that the 

results of activity monitoring studies can vary 

greatly depending on how activity is measured 

and interpreted. This variability makes 

difficult to make any firm conclusions about 

activity levels in children. Generalizing 

information about activity levels from group 

data is also complicated by the large inter-

individual variability in activity habits among 

children. Using the studies reviewed in Table 

3, the coefficients of variation (SD / mean) 

were generally found to range from 50%-93% 

for the various studies employing self-report 

measures (these values were not calculated for 

the heart rate and observation studies due to 

small sample sizes). Activity patterns from 

children also tend to be positively skewed. 

Thus, the mean values for an assessment may 

be biased by a few children performing a lot of 

physical activity or a large number performing 

very little. To provide a more comprehensive 

view of activity patterns, investigators are 

encouraged to report the median as well as the 

inter-quartile ranges in their data, in addition 

to traditional descriptive statistics. A number 

of specific measurement issues influencing 

each of the assessments will be described in 

more detail in the subsequent section [6]. 

Measurement Issues for Assessing Physical 

Activity in Children  
As conventionally defined, the term „physical 

activity‟ refers to “any bodily movement 

produced by skeletal muscles resulting in 

energy expenditure”. In actual practice, the 

specific operational definition of physical 

activity depends on how it is measured and 

scored. The variables of frequency, intensity, 

and duration are commonly used to 

characterize activity patterns; another variable 

of interest is energy expenditure that is a 

summary variable that incorporates all of the 

other indicators. Table 4 lists the various 

methods and highlights the units of 

measurement and the conversions required for 

calculation of these components. 

The frequency of physical activity 

participation is typically reported as number of 

bouts per day or week or the percentage of 

children being active on a given day. 

Obtaining these values requires an appropriate 

criterion to define what constitutes “regular 

activity” and what counts as a „bout‟ of 

activity. As previously described, criteria that 

are based on more structured, adult-patterns of 

activity (3 or more bouts of continuous activity 

for 10 or 20 minutes) are not appropriate for 

children. A better criterion to define frequency 

would emphasize the accumulation of 

intermittent activity throughout the day. 

Depending on the approach used, an 
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appropriate criterion for children may be the 

percentage that reports 2-3 bouts of short, 

intermittent activity totaling 30-60 minutes on 

at least 5 days a week. Because of the large 

intra-individual variability in activity, 

conclusions about typical activity patterns 

should not be drawn from 1 or 2 isolated days 

of measurement. 

The intensity of physical activity is often used 

to categorize physical activity but is not 

commonly used as an outcome measure. 

Several studies have reported mean heart rates 

or mean activity counts during the day or 

portion. While this may be useful for statistical 

comparisons, the values themselves are 

difficult to interpret. Because the majority of a 

child‟s day is spent in resting or light 

activities, mean values would be low and 

would not provide meaningful information 

about their true activity level. If mean levels 

were reported for a group, the large intra-

individual variability in activity patterns in 

children would make interpretations of the 

data even more difficult [7]. 

The duration of activity is generally reported 

in minutes or percentage of time spent being 

active. Alternately, the amount of activity may 

be calculated in conjunction with intensity 

categories. For example, it is common to see 

breakdowns of the number of minutes spent in 

different activity categories (light, moderate, 

or vigorous). With observational measures and 

self-report instruments, the distinctions among 

activity levels are established a-priori 

according to a specific coding strategy or 

established categories on a questionnaire. For 

heart rate and motion sensing devices, cut 

points must be established by comparing the 

activity values against data from other 

measures (e.g., heart rate). 

Obtaining energy expenditure estimates from 

physical activity requires information about 

the metabolic costs of the activities that are 

performed. For observation and self-report 

measures, estimates are typically made using 

multiples of resting metabolic rate (METS). 

Because the MET values for various activities 

are not well established for children, the 

estimates using these calculations may not be 

highly accurate. For heart rate and motion 

sensors, a calibration equation is needed to 

convert the raw unit of measurement into 

energy expenditure values. These equations 

are typically developed under lab situations 

using structured activities and may not 

generalize to field-based activities. Thus, these 

estimations must also be interpreted with 

caution. 

It is apparent from Table 4 that a number of 

different approaches can be used to obtain a 

similar outcome measure. The ease and 

accuracy of assessing these different 

components varies among each of the 

instruments. The advantages, disadvantages, 

and specific measurement issues for assessing 

children‟s activity behaviors will be described 

below. 

Self-Report Instruments  
Self-report instruments provide a convenient 

way to assess activity patterns on large 

populations. While they have been commonly 

used for a variety of research purposes, there is 

a widespread concern about the accuracy of 

self-report data from children. Most validation 

studies with children have reported only 

moderate correlations between various self-

report forms and other objective criteria. The 

lack of strong correspondence and the 

described tendency for overestimation have 

led to the consensus that children can not 

provide accurate self-report information about 

their activity patterns. Efforts have been made 

to describe the cognitive and methodological 

issues plaguing self-report instruments, but 

little is known about the specific cognitive 

skills required for children (or adults) to 

accurately complete self-reports.  

While a number of different approaches have 

been tested, the consensus from several 

reviews is that previous-day recall instruments 

offer the most promise for use with children. A 

number of different instruments are now 

available for this type of assessment. A 

limitation of this format is that data must be 

obtained on multiple days in order to take into 

account the normal intra-individual variability 

in activity patterns. Because these instruments 

typically rely on a checklist of activities and 

coded intervals of time these instruments may 

be more susceptible to overestimation than 

other more general measures of activity. To 

avoid this type of error, some investigators 

recommend recording the number of “activity 

blocks” recorded by the participant rather than 

the time. Others have converted the data into 

an activity index that incorporates intensity 

and duration [2]. 

If the intent is to characterize general activity 

habits, alternative formats, that do not require 

estimates of time or amounts of activity, may 
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be used. The Physical Activity Questionnaire 

for Children, for example, uses a series of 

questions about general activity patterns to 

calculate an overall activity score. While the 

score does not allow for estimations of 

frequency, intensity, or duration, it may be 

useful in discriminating between active and 

inactive children. 

While self-report instruments have inherent 

limitations, there is considerable room for 

improvement in the way they are validated, 

scored, and interpreted. The increased use of 

computerized instruments offers promise to 

assist with recall and coding of activity. A 

computerized activity assessment is now 

available with the software versions. The use 

of electronic beepers may also be useful to 

prompt recall of activity in children. 

Regardless of what format is used, results will 

likely be improved if more attention is given to 

the setting for the assessment and the training 

needed for children to accurately complete the 

assessment. A description and copy of a 

number of different self-report instruments for 

children have recently been published to 

facilitate their use by both researchers and 

teachers. 

Heart Rate Monitors  
Heart rate monitors provide an objective 

indicator of the physiological effect of 

physical activity. They have been found to 

provide a valid measure of heart rate in 

children, and heart rate has been shown to be 

linearly related to energy expenditure during 

physical activity. However, the numerous 

other factors that influence heart rate under 

resting conditions contribute with considerable 

error when heart rate monitors are used for 

extended periods of monitoring. In a recent 

study, it was found that heart rate indicators 

were highly correlated with a direct 

observation measure under active conditions in 

physical education (r = .79), but weakly 

correlated under inactive conditions in the 

classroom (r = .49). While this type of error 

would bias measures of mean heart rate, they 

would not affect estimates of total minutes of 

activity (e.g., minutes > 140 bpm). Still, there 

are a number of difficulties inherent in using 

heart rate monitors for field-based research. 

Problems with 60-cycle interference and lost 

data from signal interruptions make data 

collection and data processing challenging. 

Delayed heart rate responses and the influence 

of other factors can add considerable error to 

heart rate recordings.  

A promising application of heart rate 

monitoring techniques is for estimations of 

energy expenditure and for studies on obesity 

and weight control. Another promising option 

is the potential use of heart rate along with a 

motion sensing devices given by the 

predictions on energy expenditure, by using 

certain techniques, that show that these 

predictions can be improved, both to children 

and adults.   

Activity monitors  
Activity monitors provide an objective 

indicator of total body movement. Because 

most contemporary monitors feature time 

sampling capability, they can be used to assess 

the frequency, intensity, duration, and energy 

expenditure of physical activity. Numerous 

studies have examined the reliability and 

validity of these devices in children, and in 

lab. Similar to studies with adults, the general 

consensus is that they provide valid measures 

of physical activity but more questionable 

estimates of energy expenditure. 

A well-described limitation of activity 

monitors is the inability to assess upper body 

activities such as throwing, catching, carrying, 

or lifting. Recent studies have documented that 

activity monitors significantly underestimate 

energy expenditure of common lifestyle 

activities in adults. While similar studies have 

not been conducted specifically in children, it 

is likely that activity monitors would also 

underestimate the energy expenditure 

estimates of children‟s intermittent activities. 

The use of 3-dimensional devices would 

appear to offer advantages over 1-dimensional 

devices but the results have been equivocal. 

Field-based calibration equations may improve 

the predictive accuracy of monitors. By 

reporting raw movement counts or using a 

different outcome variable (e.g., minutes of 

activity), the errors associated with energy 

expenditure estimations would be avoided. 

One of the most common approaches for field-

based research is to use “cut points” to 

determine the amount of time spent in 

different intensity categories. While this is a 

useful approach, it is important to recognize 

that cut points will underestimate activity 

levels in children if they are established based 

on the number of counts recorded during a 

continuous bout of activity. Because most 

accelerometry - based devices use an 
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integrative procedure to summarize movement 

counts, the value at the end of the minute 

reflects the total counts within that time. Thus, 

short periods of vigorous activity may be 

obscured by alternating periods of rest when 

the total value for the minute is computed. 

Activity values for these minutes could be 

interpreted as “inactive” time periods if the cut 

points are based on how many counts would 

accrue during continuous activity. To avoid 

this potential error, the cut points must 

consider the intermittent nature of children‟s 

physical activity behavior. From this 

perspective, direct observation techniques 

using momentary time sampling procedures 

may provide the best criterion measure since 

they can address changes in activity levels 

within a minute. Another option is to process 

activity monitor data using time intervals less 

than 1 minute [9].  

While there are limitations, activity monitors 

are one of the most useful tools to assess 

physical activity over extended periods of 

time. The cost and administrative time may be 

too high for large-scale studies, but they can 

be useful for smaller intervention studies, 

cross sectional comparisons, or validation of 

other assessment techniques. 

Pedometers  
Pedometers provide an objective indicator of 

step counts, a marker of total volume or 

duration of activity. They possess similar 

benefits and weaknesses to motion sensors but 

with less accuracy and precision. Because 

pedometers do not have time sampling 

capabilities, they cannot provide detail on 

frequency or intensity of physical activity. 

Energy expenditure estimates would likely be 

inaccurate due to the many assumptions 

needed to calculate this from step counts. Still, 

in terms of practicality, pedometers may offer 

the best solution for a low cost, objective 

monitoring tool. Recently, similar correlations 

with fitness and fatness measures were 

reported between pedometers and monitors. A 

recent study in adults suggested that 10,000 

steps is a reasonable daily target for adults but 

similar studies are needed to determine 

guidelines for children. 

Direct Observation  
Direct observation techniques evaluate the 

behavioral aspects of physical activity and are 

well suited to studies on children. The merits 

of various instruments and coding strategies 

have been previously described. While 

considerable time and effort is required to 

conduct direct observation studies, the detail 

provided can be highly useful for 

characterizing children‟s activity. Direct 

observation techniques provide one of the best 

criterion measures to validate other assessment 

tools. For further information, readers should 

consult the specific protocols published with 

each instrument. 

Summary  
This paper is reviewing the nature of 

children‟s physical activity patterns and how 

the unique nature of children can impact the 

assessment of physical activity. To accurately 

assess children‟s activity patterns, an 

instrument must be sensitive enough to detect, 

code, or record sporadic and intermittent 

activity. Care also must be used to select 

criterion measures that reflect appropriate 

physical activity guidelines for children. 

A number of different measurement 

approaches have been described for assessing 

children‟s activity, but no specific method can 

be identified as the best option for all studies. 

Selection of an appropriate instrument depends 

on the specific research question being 

addressed as well as the relative importance of 

accuracy and practicality. For example, 

accurate measures of energy expenditure using 

indirect calorimetry, or heart rate calibration 

equations may be needed for certain clinical 

studies, but the cost and inconvenience would 

make them impractical for field-based 

assessments on larger samples. 

The “accuracy-practicality” compromise 

presents more challenging predicaments with 

children than for adults. In adults, a number of 

self-report instruments have been found useful 

for large epidemiological studies or 

interventions where less precision is needed. 

Because of developmental differences, 

especially in ability to think abstractly and 

perform detailed recall, children are less likely 

to make accurate self-report assessment than 

adults. Though self-report methods are still 

likely to be a principal source of information 

for many studies, other approaches (or the use 

of combined measures) may be needed to 

better characterize children‟s activity levels. 

While objective instruments (e.g., direct 

observation or activity monitoring) require 

more time and resources than self-report, they 

are options available to simplify data 

collection. One approach may be to focus 

assessments on key times or places that allow 
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children to be active. The time after school, for 

example, appears to be a critical period that 

defines their propensity for physical activity. 

Monitoring of entire groups for discrete 

periods of time (e.g., recess or physical 

education) may also be useful to understand 

variability in activity patterns since children 

would all be exposed to the same stimulus or 

opportunity to be active. 

Proxy measures may also be useful in studying 

activity in children. For example, several 

studies have demonstrated that time spent 

outside is strongly predictive indicator of 

activity in children. Involvement in 

community sports programs may also be a 

useful proxy measure as sports programs have 

been found to account for approximately 55-

65% of children‟s moderate to vigorous 

activity. 

Another option for improving assessments in 

children is to employ multiple measures of 

physical activity. A number of studies have 

reported differences in levels of activity when 

activity monitors were compared with self-

report data. The method of measurement has 

also been shown to influence the results of 

studies on the determinants of physical activity 

in children. While we do not currently know 

which measure is most accurate, reporting the 

results with different instruments provides a 

more complete description of children‟s 

activity and permit a triangulation of 

outcomes. 

In summary, there remains no single way of 

obtaining a highly accurate account of physical 

activity or energy expenditure in children. The 

nature of children‟s movement patterns, the 

various types of activities engaged in, and the 

inherent limitations of each assessment tool 

limit the ultimate accuracy of these 

measurements. Future research should 

continue to characterize children‟s movement 

patterns so that better assessment techniques 

can be developed. There is a strong rationale 

that supports continued efforts to improve 

assessment techniques for epidemiological 

research. It is pointed out that relatively weak 

measures were probably sufficient to 

demonstrate general health benefits of physical 

activity, but that more sophisticated techniques 

are needed to answer the more complex 

research questions currently facing the field 

assessments. This is especially true for 

research with children since links with specific 

health outcomes are difficult to establish and 

variability in cognition and maturation 

complicate other outcomes. A reviewing of 

physical activity interventions in children also 

highlighted the importance of valid and 

reliable measures to assess change in physical 

activity behaviors over time. To advance 

research in pediatric exercise science it is 

important to continue work to improve current 

physical activity assessment techniques. 
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